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acetyl choline receptors, to processes for preparing these conpounds, to
pharmaceuti cal conpositions containing these conpounds, and to nethods of

usi ng these conpounds for treating a wide variety of conditions and
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nervous system (CNS). BabRETO.FHOBNERECERTRREIGANDS The therapeutic
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al so known as nicotinic acetyl ¢4 ohthelfcmlibar s (NAChRs), has been the

subj ect of several reviews. See, for exa e et al 1SB| ochem
Phar macol .5 74: 109the(ppereminvepfied] i¢|aiRs tafom OU”d%ﬁﬁpb'ﬂé RIS 20: 3
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addi ction (II)wosCf< Crooks, Bioc m%@ggﬂ taj6§ a(CngZ) Coe et
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5al . ch r W in. Ther.
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Instance, the g4d32, D@grgﬁ%%m ﬂlguroﬁbso%nql ﬁk@@z;%meesl awer. pr edoni nant

in vertebrateebfa er eas su txgxéﬂls redonmi nate at the
aut onomi ¢ ganngaRearQP"ﬂ ﬂé”ét”%é@??"’)aﬁﬁp M?L@‘T@ ?%’?Z’é’ € predom nant at
t he neur omus CUbaferd: WA N&ol( 586 DMasK (2008, pain andExflamn@tibm(DethesT . Pat ent s

10: 1561 (2000) and Hol i da (1997)).
Conpounds 3thi ¢ 2kt Pﬁ’/é\ﬂ‘iﬂyp ‘?’ﬁe‘{(a')t %%9 gﬁfg“)pre Q;J Eéf%@s"&b%gtgs have
potential uti Imrfuys14(1m)re'mt1|(2(g)5yala|n005rr@ﬂ8l irﬁ'dDwﬁoFeﬁé‘; (Z%M@et a

limtation of az‘(f)e uro c%)qt %%f 799 pfe%shh"%t\d Gy dS’ﬁ?tKa dthe selectivity

required to pr c% rece,{}tors over éﬁ‘\%&ﬁ] | ocated in
t he nuscl e andWQIaﬁ@dChléW7 §3§K\2 ?h@@”@f@%f nPhesaged! eﬁee Hvari ous
undesirabl e siggneti SCbspreddARLESNE; 89 (26028); néuradayeaeratian (DeNedl eonpounds,

~conposi tions, and nethods f ’ us conditions
or di sordets V\ﬂ'{epé”tq)fé’gc?aﬁ’ﬁguﬁ&é% ?tgpﬁ%(g {aégn& %Q%Zeélralge‘jsof nAChR
subt ype speci f Prdringcd.Expl Thev.t308: 1Y2r{2003% iMdrreed éteibtJ Rnﬁtnmek Exp. gnificantly
affecting thos ot [ i nduce
undesirabl e si @é 'g’@?ec(f@?&lﬂ’ﬁﬁsﬁ(g\?ﬂg, %is@gggrﬁ%%galpélpﬁfgggfégb@ activity at
cardi ovascul ar and skel etal nmuscle sites. 25Sumary of the |Invention
The present invention includes conpounds which bind with high affinity to
NNRs of either the a4f32 subtype, or the a6-containing subtype, or both NNR
subtypes. The present invention also relates to pharnaceutically acceptable
salts prepared fromthese conpounds. 30The present invention includes
pharmaceutical conpositions conprising a conpound of the present invention
or a phar ITB.CEUtI cal I y accept abI e salt ther eof The phar ITB.CEUtI cal

o " Y b1 o a o o,



pharmaceutical conposition that includes such conpounds. Brief Description
of the Figures Figure 1 illustrates a dose effect curve of Conpound A (3-
cycl opr opybearihomysg- 3, 6- di azabi cycl o[ 3. 1. 1], as the hepramasdetopsgsss uoyl -
10tartrate salt) and nicotine on TH positive neurons after 48h
pretreatnent, followed by MPP+ injury (4 pM 48h) Figure 2
Illustrates a dose effect curve of Conpound A

cycl opr opyl caﬂb’m@l 23962008 2apnaly endpurscafugep, J. UfCP'fé’ RepeanPd

di - p-t ol uoyl - |
48h pr et reat fGQEIo%QszMd%@%I BRcKEM. iFbahactHen @91(2002),1 engt h af ter
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illustrates aC@R)gté\l eBip@st ng”q;@nbf_etbaﬁgé ﬁéBQBéE)@‘% bl (Lietal, T1OUre 3
o hyl car bony 13+ 6ri ME@irewc b o8 (4008}); armsT duheatelsephdoree (Sacco et

-p-tolu I-Dtartrat n urons after 48h
pretreat me%t alf, df PP 89"%99%1&2}14%*@8%@ anfyﬁ) Qﬁéoﬁ%?ﬁ 4 illustrates a
dose effect csgz/(go@ﬂ) Corrpound B (3- ethylcar bonyl 3, 6-di azabicyclo[3.1.1],
neurite I ongth af i BPreielvebr Brpiobiichl BsfBlieh RRG FRIEE R O 5 o ey
I(:llgulrv’e 5 i [r:*umbrcamt%am pkameererrfeemussyatw &pr IBEDNFCG(Q@W‘IQZ rﬂf% and 25IEI)I cotine
(10n on tive_neu ter owed by MPP+
injury (4 pM gqum'ng’ a7, anJ%Bgﬁa%ty%esl%?Erepé'ﬁbéﬁ?ﬁa\r’%%égtge %gct curze of BDNF
(50 ng/ m )g anghéresthi a8p4 dubnde iopretiaiaite atthaautondreic igengieherdftheer  48h

01 "t he | myent #8H1o SNCBIATSRAHBPT BT eI A P OMAE R oo Cuntis. of

\l/:vﬁr mula |: h(s@b'@))ﬂbsmeté\\' EG2)pm. ThéHRtamts Wo:RB6( C2aRPrand Hollidey ﬁ1ul a l

erein: each mi nt i o] LS ik and is O
or 1; when eah %Jsggemt‘f@ G)E‘Qgﬂ ﬁggc}g ?Om\/\/ﬂ%ﬁj@g@c Srgnélcﬁsvg%%rp en each nis
0; Rl i's the CNS predominant subtypes have potential utility in treating various CNS

15  disorders. However, a limitation of some nicotinic compounds is that they
lack the selectivity required to preferentially target CNS receptors over
receptor located in the muscle and ganglion. Such drugs are often
associated with various undesirable side effects. Therefore, there is a need
to have compounds, compositions, and methods for preventing or treating

20  various conditions or disorders where the compounds exhibit a high enough
degree of NAChR subtype specificity to elicit a beneficial effect, without
significantly affecting those receptor subtypes which have the potential to
induce undesirable side effects, including, for example, appreciable activity at
cardiovascular and skeletal muscle sites.

25 Summary of the Invention

The present invention includes compounds which bind with high
affinity to NNRs of either the a4p2 subtype, or the a6-containing subtype, or
both NNR subtypes. The present invention also relates to pharmaceutically
acceptable salts prepared from these compounds.

30 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
invention can be used for treating or preventing a wide variety of conditions or
disorders, particularly those disorders mediated by nicotinic acetylcholine

35  receptors.



C(0)-R3, 10-C(0)0-R3, -C(O)NHR3, -C(0)-(CH2)g-X-R3, -C(0)0-(CH2)qg-X-R3, or
C(O)NH (CH2)g-X-R3; 159 is 1, 2, 3, 4, 5, or)g; Xis (c):()S( %\Ilq—l- or1

- NHC( 0) - ;wB2o0i7H58r al kyl; R3 is al kyl, al kenyl, al kynpCT/usgatoosiskey| ,
cycl oal kenyl, cycloal kynyl, aryl, heteroaryl, or heterocyclic; 20each R3

I ndividually may be optionally substituted with one or nore al kyl, al kenyl,
al kynyl, aryl, aryloxy, am no, am do, heteroaryl, hal ogen, hydroxyl,

al koxy, cycl oal kyl ,Thepedseatlitentdn, incydes @ahdthodfor traaing wervgalinde, or al kyl anmi do

SURSLLENON. s et LA BE SRR a s a0t | ) Ut

oun car di azabi cycl o 1. 1] hept ane,
6- et hyl car bonyﬁcdﬁnlﬁadetazmhn@;acempl& in ﬂlaIfM@fiiQ iareed of such treatment The

6-tert-butoxy ,ﬁ&ﬁgereofv Ga:ggiixﬂéém'gqyﬁls%@bt%tﬂéré}%%@d”l?effé&w@arﬁ&ﬁﬁ maceutical |y

accept abl e sal esent ‘i nvention inclydes conpounds of
Fornula |: 5 (@Pmmomwﬂ(em%eﬁt inyentipn. oluding & sefiherep Lfora rrIeorrrul a l

wherein: each ahﬁadeqﬁd’éi b&ﬁdosﬁ@r@th’aﬁm@udﬁs slich Ewagdlnds.i s i dentical and is 0

or 1; when each mis 0, then each
0: RLis BrlefDescrlptlon oftﬂhﬁlgu?e%(:h mis 1, then each nis

Figure 1 illustrates a dose effect curve of Compound A (3-
cyclopropylcarbonyl-3,6-diazabicyclo[3.1.1], as the heptane di-p-toluoyl-D-

10 tartrate salt) and nicotine on TH positive neurons after 48h pretreatment,
followed by MPP" injury (4 pM, 48h).

Figure 2 illustrates a dose effect curve of Compound A (3-
cyclopropylcarbonyl-3,6-diazabicyclo[3.1.1], as the heptane di-p-toluoyl-D-
tartrate salt) and nicotine on total TH neurite length after 48h pretreatment,

15  followed by MPP”" injury (4 pM, 48h).

Figure 3 illustrates a dose effect curve of Compound B (3-
ethylcarbonyl-3,6-diazabicyclo[3.1.1], as the heptane di-p-toluoyl-D-tartrate
salt) and nicotine on TH positive neurons after 48h pretreatment, followed by
MPP" injury (4 uM, 48h).

20 Figure 4 illustrates a dose effect curve of Compound B (3-
ethylcarbonyl-3,6-diazabicyclo[3.1.1], as the heptane di-p-toluoyl-D-tartrate
salt) and nicotine on total TH neurite length after 48h pretreatment, followed
by MPP* injury (4 uM, 48h).

Figure 5 illustrates a dose effect curve of BDNF (50 ng/ml) and

25  nicotine (10nM) on TH positive neurons after 48h pretreatment, followed by
MPP” injury (4 uM, 48h).

Figure 6 illustrates a dose effect curve of BDNF (50 ng/ml) and
nicotine (10nM) on total TH neurite length after 48h pretreatment, followed by
MPP* injury (4 uM, 48h).

30 Detailed Description of the Invention
. Compounds

The present invention includes compounds of Formula |:



10-C(0)0-R3B, C(O)NH R3c, C(0)-(CH2)g-X-R3c, -C(0)0-(CH2)g-X-R3c, or
-C(O)NH(CH2)g- X-R3c; 15qis 1, 2, 3, 4, 5, or 6; Xis -0-, -S, -NH, or
- NHC( 0) - ;wB20i1207H¥58r al kyl ; when R2 is H, then R3A i s meCmyuS2010/06839¢
butyl, pentyl, hexyl, alkenyl, alkynyl, cycloal kyl, cycl oal kenyl,
cycl oal kynyl, aryl, heteroaryl, or 20heterocyclic; when R2 is alkyl, then
R3A is nethyl, ethyl, propyl, butyl, pentyl, hexyl, alkenyl, alkynyl,
cycl oal kyl, cycl oal kenyl, cycl odFky Homhet eroaryl, or heterocyclic;
when R2 is H and each mis 0 and each/h is 1 then R3B is nethyl, 25ethyl,
propyl, n-butyl, isobutyI,R%EUNgrtyl, pentyl N"neXyl, al kenyl, al kynyl,
cycl oal kyl, cycl oal kenyl, cycl oal kynyl\ aryl, heteroaryl, or heterocyclic;
when R2 is H and each mis 1 andCHa s{@dmor when R2 is alkyl, then R3B
is methyl, ethyl, propyl, butyl, pentyl, hexyl, alkenyl, alkynyl,
cycl oal kyl, cycl oal kenyl, cycl oal kynyl, aryl, heteroaryl, or heterocyclic;
30each R3C individually is alkyl, af®ew@dl ~al kynyl, cycl oal kyl

cycl oal kenyl , \ exel0al kynyl, aryl, heteroaryl, or heterocyclic; each R3
individually may be optionally substituted with one or nore al kyl, al kenyl,
al kynyl , aryl, aryeaskyn isadanies! 28dS@P" Thet eroaryl, hal ogen, hydroxyl ,

al koxy, cygl oal kyl gacpi¥ab RRhtc@M3rd.is 6¥ei;0al kynyl , heterocyclic, or al kyl am do
substituents; or a ﬁ%ﬁgﬂgceuti aIIX accqptable salt thereof. In one

embodi ment, a compBFeach L5 0PERGG VRt he group consisting 5of :

3- et hyl car bony1- Swherfiésthabisdytheopachln #0hept ane;

3-isopropyl carbonyl; 3, 6-di azabi cycl o[ 3. 1. 1] hept ane;

3-cycl opropyl car boRy*- 3, 6-di azabi cycl o[ 3. 1. 1] hept ane;

3- propoxycar bony1- 3, 6- dicé2pRi, cycl o[ 3. 1. 1] hept ane;
103-isoprgpoxycarbonyliﬁggngk@zabicyclo[3.1.11heptane:

3- met hoxyet'’hoxycar bony1l- ,é-dlazabicyclo[3.1.11heptane;

3- (2-f1 uor oet hoxy) car bo@Ns-B2. di azabi cycl o[ 3. 1. 1] hept ane;
3-(2-bronnfuran-5-y|)cakggpxjﬁggéRQiazabicyclo[3.1.1]heptane;

3- (3-bronof uran-5-yl)carbonyl-3, 6-di,azabi cycl o 3. 1. 1] hept ane,
153-(3-ch|orofuran-2-yI7QGW%6ﬁVQ¢§f%JHiazabicyclo[3.1.1]heptane;

3- (i soxazol - 5-yl') car bonyjomtbeaH,paekt;cycl of 3. 1. 1] hePt ane;

3- (2- met hoxyet hyl ) car bgn 1-%,6-d|azabicyclo[3.1.1]heptane;

3-(2, 2, 2-t19i f I uor 08th{12) 24 BoMyPi- 3, 6- di azabi cycl of 3. 1. 1] hept ane;

3- (t et rahydr of ur anx3s yb)} ca-bom lor3N6KdORz abi cycl o 3. 1. 11hept ane;

206- ( 2- chl or of uran-_5- Iécq&@onyl-3,6-diazabicycIo[S.l.l]heptane;
6-(2-bronnrofuran-§&§%j = nyl - 3, 6- di azabi cycl o[ 3. 1. 1] hept ane;

6- cycl obut yl car bonyRriis3leH, dikemasllyng | apBalky 1gyniedikenyb cycloalkynyl, aryl,

6-(2-nethoxyethypc%ggggé&}§h$%gk?ﬁ&bicyclo[3.1.1]heptane;
-'I-yl')ca

cis-3-(2-fluorocycloprop-'1 onyl- 3, 6-di azabi cycl o[ 3. 1. 1] hept ane;
25t r ans- 3-202- f | uor essitRopdiggually ey &e isetipprlyssubstiteed Wik PRS,¥B98. 1. 1] hept ane;
ci s-6-(2-fluorocyclgpr 9Ranl, Bl SR R0 EYI0x, Smib e, tetaang. hblogbhePt ane; and
trans-6-(2-fluorocyc oprop-l-ylécarbon -3, 6- dia&abl%éﬁgog%.171]heptane;
or a phar maceut i calV§ostasratsyeoalkyl cygoatieads SYCloa’yh, ot fvett, the
present invention izkyleMigRubslituchts;
cyclopropylcarbony1<§,6-diaz icycl 1.1 und A, or a
phar maceutical |y ad@ [Sriea[fﬂ"@sogtg?tﬁ%f'ﬁ@%zg??s r%g@léggﬁsé@tg% t he present
i nvention A5cl udes campbadsmceut i cal conposition conprising a conpound of
the present invention agdysiBRRhBEEMEIBRLNsIOHRPEAR] e carrier.
6-ethylcarbonyl-3,6-diazabicyclo[3.1.1]heptane,
6-tert-butoxycarbonyl-3,6-diazabicyclo[3.1.1]heptane;
or a pharmaceutically acceptable salt thereof.
30 The present invention includes compounds of Formula I:



One aspect of the present invention includes a nethod for the treatnent or
prevention of a disease or condition nedi ated by neuronal nicotinic
recept or swoanqwa7$is8g t he adm ni strati on of a conpound OPCTHES2@08S883¢
invention. In one enbodi ment, the neuronal nicotinic receptors are of 5the
a4p2 subtype. In one enbodi nent, the neuronal nicotinic receptors are of

t he a6-containing subtype. In one enbodi nent, the neuronal nicotinic
receptors are a conbi nati on of t(RE2) ﬁﬁ%hG-containing subt ypes.

One aspect of the present invenfion ipcludes\ use Qf a conmpound of the
present invention for the RBreplrati on(of a Ic&ment for the treatment or
10prevention of a disease or conditiom\nedi & ed by neuronal nicotinic
receptors conprising the adm ni S€Hai of (Kdeonpound of the present
invention. In one enbodi ment, the neuronal nicotinic receptors are of the
a4l 32 subtype. In one enbodi nent, the neuronal nicotinic receptors are of
t he a6-containi ng subtype. In one emtdledent, the neuronal nicotinic
receptors are,g.Lhconbination of the a4132 and a6-containi ng subtypes.

One aspect of t%e present invention includes a conpound of the present

i nvention for use eashanisidenticabandig 0Bhdut i c subst ance. One aspect, thus,

i ncl udes agconpoung,Qf, i EntREEFRANS 0 bMrention for use in the treatment or
prevention of a disease or condition nmediated by neuronal nicotinic
receptors 20conpr i Wheigeach& ia4nthan 8344t P dn of a conpound of the present
invention. In one grdioshcA®nt 1, hBeeasdurienal nicotinic receptors are of the
a4l 32 subtype. In gne enbodi nent, the neuronal nicotinic receptors are of
t he a6-containi ng SuBtype. In one enbodiment, the neuronal nicotinic
receptors are a conbi nati@R¥df the a4132 and a6-contai ni ng subtypes. 25The
scope of ng pr esent inxﬁaﬁ#%& i ncl udes all conbi nations of aspects and
enbodi nent's. oftowng definitions are neant to clarify, but not

The
linmit, the terns define@ONH-R particular termused herein is not
speci fically defined, sugh (e myeoul d not be considered indefinite.
Rat her, terns are used within fheirggo accept ed nmeani ngs. As used
t hroughout this specifiddOVSCHINERDr&f erred nunber of atons, such as
carbon atons, will be r@ﬁ@ﬁ@g@jgggbg$;fpr exanpl e, the phrase "Cx_y alkyl,"
which refers to an alk%l group, as herein defined, containing the specified
nunber of 18arbon afiénk2 S%PiUS terminol ogy will apply for other
35preferred terms gngloangesnas, sveNHC(GRuUs, for exanple, Cl_6 al kyl
represents a stralgbtAgrdgégnched chai n hydrocarbon containing one to six
carbon at ons. IS A0 herein the term"alkyl" refers to a straight
or branched chai n Wyeh RtiaH)een Rihisaietimghyordps!, bptyl, perayl| hexgudisanyt ut ed, with
mul tiple degrees of  substitutian j "al kyl" as used
her ei n i ncl ude, bu?'kyaﬂyg Cﬁ%?alky!’ﬂ%l&éaﬁleﬁg; &Jﬁ{%’?hw a@tﬁﬁy ,r@a3¥l’8({;yl , isopropyl,
Lsobytyl,ﬁn-butyl,hemnmwwqtyl, 5}sopentyl,tard n- pentyl . _ Aslrsed
erein, the term"” a |tk i Yonsiabiyi atepd PBkyiOnal 'y
substituted m)nocyg'r]:é\é:,R %%L’:ﬁeﬁﬁg eﬁyggerg’hyggbca\%g%n@ri ngy, wth
mul ti pl e degrees oflkemhsikynyitdyeinalsdi aygloalkenylwerrloakyBYAY Reteregidh oal kyl ™
groups as used herg}mﬂ&gakmge, but are not limted to, cyclopropyl,
cyclobutyl, 10cycl opentyl’, cycl ohexyl, and cxcuopeg%éh. o As used
herein, the term "M8eRRoEyEaeash migQr@af sagth it MEBRer's MYYhn optional Iy
substi t ut ed nono- ethypplopPyebitgl, Bbmaylsysbetyl, pemtyli lengl bigerybatkanyhi ng one or

nore degrees of unsaturation n i R ..het er oat ons,
o e o0 oes Of UL R R A S PRty et
15substitution bei mypeaRf Bkand chmpisdrapdieaeten & ehshanR1igakyni t r ogen,
oxygen, or sul fur afanedhahHding lﬁ??fbﬁ't?l,sn%erﬁﬂMeWI, ARdresikyrgnd di oxi des.

o
Preferably, the ring is Fhree to twel ve- nenbered, preferably three- to
ei ght - menber ed and cydoaliyt. gegioglkenylycysiopliynyt @Y JeteH quqgme%p%lpe degr ees of
unsat uratizn. Such eatiBY imaydUaey BRIKYIDBIREMYY, afkysydctytioalleydoalkamyl of anot her
het er ocycl i ¢ 20ri ng( or cycloal kyl rin .Exanpl es of "heterocyclic"
groups as used hergy‘ﬁgﬁ"%'}"u ! R%%rpgglr'grrﬁ%érgﬁchﬁ(ed to, tetrahydrofuran,
pyran, tetrahydropyeenR’® indididualy mearbe optioraliyisubstinied wih pee paneré, pyrrol i di ne,
mor phol i ne, t et r ahydroLih aPWiGhy Bk, #AME! Shiab Heleasyl, Hifogdsied herei n,
the term"aryl" refer$ toa single benzene ring or fused 25benzene ring
system whi ch may be optionally substituted, with nultiple degrees of
substitution being allowed. Exanples o% "aryl"™ groups as used include, but
are not limted to, phenyl, 2-naphthyl;] 1-naphthyl, anthracene, and
phenant hrene. Preferable aryl rings have five- to ten-nenbers. As used
herein, a fused benzene ring system enconpassed within the 30term"aryl"
i ncl udes fused pol ycyclic hydrocarbons, nanely where a cyclic hydrocarbon

o "



t et r ahydr onapht hal ene. As used herein, the term"heteroaryl" refers
to a nonocyclic five to seven nenbered aromatic ring, or to a fused
bi cycl i ¢ wWoOanHta7¢758i ng system conpri sing two of such ar @c&ttisSeowiossss¢ whi ch
may be optionally substituted, with nultiple degrees of substitution being
al l oned. Preferably, such rings 5contain five- to ten-nenbers. These
heteroaryl rings contain one or nore nitrogen, sulfur, and/ or oxygen atons,
where N-oxi des, sLfIIYKi[ﬂXyloadk@@sCVCEQﬁIBWCEYQB?ﬁ'd@‘S/' SYEoahPy; RELSTBEYSIIh 8E e oat om
substitutions. Exag@mdé)gubshgg,qgoaryl groups as used herein include, but
are not limted to, #uran t hi ophene, i m dazol e, pyrazol e,
triazole, tetrazol®,a nharraazcep@al%%zdﬁee 5?"5@?@2@ e, 10oxadi azol e,
t hi adi azol e, i sot hi,3a8kmbodMEhtdl BEmpdiva istkdldctee fropyth@gionp corsstingri di ne,
qui nol i ne, |squ|noI|ne qui noxal i ne, benzofuran, benzoxazol e,
benzot hi opﬁené i ndol e, indazole, benzim dazole, imdazopyridine,
pyrazol opyri di ne, ap@tHyamsn)-GBydiadabidie3.1.1]heptane; As used herein,
mul ti pl e degrees of . substituti inclu i ion 15with one or nore
al kyl, halo, hal oa$ HP" Op%{?q{%wpggdl?z?tf %%%ﬁgm%%é@g arylthio, NRaRb,

- ¢(=0) NRaRb, - NRaC& o) dRigpylc@(be0)-Reb;-diazgbiep)dRd, 1he0B(0) Ra,

0( CRaRb) 1_6C( =0) R %glgg Rb) 1_6NRbSCR2Ra,

0C(=0) NRaRb, -NRa 63% @ggﬁzggcga@? 1?rfggtrgl%?Nl?QZSOZF{3 where each Ra
and Rb i ndOvi dual I&lsogrommafgemvl 3 Stdiazebicygal$-balRYENE het er ocycl yl, aryl, or
20aryl al kyl, or grne &t}btmgcé?edm @@d‘@zélﬂcﬁcﬁ% AlRERake® which they are

attached to forma ri one exanple, Cy may be

pyridi nyl which naw%féuog%%qucaﬁbeev'ﬁ%ilza \Fyelo ﬁjﬂgﬁgﬁ ®such as F, and

second by an al koxy(2-Bléffdfugn-5- onyl-3,6- dlazablcyclo[3A31]Iht-§;mheher ein the term
"hal ogen" refers to fI uor i ne,

L. odi ne. As
used herein the teff WH]OM?%S/P’L Cafté’F‘glegéG Q'BZ%QJ}C@PII? ﬂEﬁpﬁPﬁ as defined
herein, whgch is sphsthibrdtuesh- zfvylydarmhyuaeaas.azamwclualmgmptanExanpl es of
branched or straight. chai [ ed herein include,
but are not |inited Py Z%r]f%?rbow %%ﬁgzﬁ%g{lﬁ?’qﬁéﬁﬁ}agéyl n-butyl, and
t-butyl substitut ed—(B@eﬂub&M’rwjeade)rwl dbtdinzabieyctnl3. tidlhertArg ogens, for exanpl e,
fluoro, chloro, | K hesthiul d be interpreted
to include such su g?z‘gﬁgﬂ‘to}o(%q\gbca]:%yt%é?ﬁ%ﬁ%ou ]seituch as - CF3.

As used herein the3{(©trahydeqflkfe&9y)¢%bw*s3 519'353@9?3’@@5 -OReptaRfhere Ra is al kyl

as herei ngef i ned: okb kufoRFan b featitn{ld @lisdddbi 1 ditanet 0 a group SSwhere
Ra is al kyI as herein

)@f%i] Ee tterm "aryl oxy"
refers to a group SERRromgRvanRay PP Béjéazﬁ@F LAERRRS Li kewi se, the
term"arylt hl 0" refs%wo&@yl@rwn«)wsutaeastﬁcyaa[smﬂaasgtdmeas herei n defined. As

used herein "am no to a of Ra 5and Rb is
hydr ogen. Additi onQTéVe oé(}ﬁ?d@ij)f:?'ﬂ?'eygggrﬁ\l%ggeb’fcﬁfg?gﬁfgggggroup NRaRb

wher ei n each of Racard2Rooionybioprabubylcprtiosylsd egibzabisyKeldyil neptdogny | |

cycl oal kyI aryl, er or Re As used herein, when ei t her
Ra or Rb i< ot her tﬁﬁsg'ﬁﬂ{ G CI?&E%EﬁAg&B&W&Smy be referred to as a
"substitut ed mzabbycﬂn[ﬂﬂlbﬁpféﬂ%mpl eif RaAis Hand Rb is alkyl, as an

"al kyl anmino." 10As ES@S& #3608 d%prctphﬂw &F%hylmma.mw&m[ealﬂ]mp@eept abl e"
refers to carrier(s uen ., excipient(s) or salt forms of the
conpounds of t3W present |nvent| on that are conpatible with the other

i ngredients of thetrfaﬁieﬂaialﬁdrmclaﬂdpﬂoﬂ)cﬂeb@t 8Bi ous to the recipient of the
phar maceut,jcal EEC? 1 q@\ 15As used herein, the term "pharnmaceuti cal
conposi ti ot r ng yqahs- 4 T08R8B%nd of the present invention optionally

adm xed with one owraphamabeutinally@gceptable saltiheteqit abl e carriers, diluents, or

exi pi ents. Phar mcwsﬁec@%?&m%ébegmm{teﬁ%bdo»hp@m Bit a degree of
stability to environnment conditions so as t hem suitabl e for

manuf act uri ng QHEPrORUEATRRIV 3. @‘Idla%%li'?yé'f‘?[%m]ﬁ%‘g@? Cﬂg’pﬂ‘éﬂﬁ’d\ REfein, the terns
"effective amﬂtmaceu{ndaw@cmeptbmesalmaunebf and "effective dose" refer to an

anount of e conp rese e {.Cl to elicit the
desired phi#]rracol ogﬁl?aﬁSp%cil F‘ﬁ%g ol 'nvente%f‘ pgh{d%gaspﬁ%@ar%é@@%ltl ng in an

ef fective treatompositiof canplisisg pdempoundehthewmseafinentionsandder 25nmay be
mani f est ed by f’ﬁy&eﬂ R aREpMABLLMEr. t he onset or progression of the

di sorder, as we as the onset or progression of synptons associated with
the disorder. Treatnent of a disorder may al so be nanifested by a decrease
or elimnation of synptons, reversal ofg the progression of the disorder, as
well as any other contribution to the well being of the patient. 30The

ef fective dose can vary, dependi ng upon factors such as the condition of
the patient, the severity of the synptons of the disorder, and the manner
| n V\:hl ch the phar ITB.CEUtI cal corrp05| t| on | s adm n| ster ed Typ| cal I Yy, to be

-, Y o o -,



typically represent that anount that nmay be adm ni stered as a single dose,
or as one or nore doses that may be adm ni stered over a 24 hours peri od.
The conpowods1igf711sRi s i nvention may be made by a vari et PCoOfUSP®EIDI68336
i ncluding well -established synthetic nmethods. Illustrative general
5synthetic nmethods are set out bel ow and then specific conmpounds of the
invention are prepared in the working Exanpl es. n the exanpl es
descri bed bel ow, pPBt awerty) therrsessst ipgntierineidesamgthod LANE ve groups are
enpl oyed - wher geRREASS PFalehtidnat & Alsdaseas conditongesietal byprduraniapl es of syntheti c
chem stry. Protectin roups are ni pul at.ed l10accor di o standard
met hods of or §SRINC rg%{?q{gggrgpr(spg t%aa(@l'g'é at'e?ﬂc?}%?”ﬁf“ﬁ/i‘%e@%s (1999)
Prot ecti ng G ptegéntinvefiopam oneSymitdaesens, theSnedirddi wicadinic réesptorsNieey & Sons,
herei n i ncorporat by reference wi.th regard to protecti ps). These
groups ar e8 re ﬁgﬁi‘%‘éoec6’?\9%’?1?’8?\%’@?'565@8‘?“@?’?2”@%}%0%%&%3?%{eﬁogsi s using
met hods that gfee6t@niding @B@Fé.emtonta'@rribbdiﬁenﬁt{ielrieexd»nialmidotmc art. 15The
sel ection of processes as well as the ea(ftéon condititons and order of
their executi éeRiRmIare BEORBIARYIOSOERE aff ANd HECHIABLY 8Y4ESof conmpounds of
thehpgefsent ihnvent bﬁé‘aspectc%fthe prese-ﬁhigvdiﬁi@l’q‘:]@lﬁifjdésm_ rﬁbﬁﬁmgcﬁumd opr ovi dﬁs a
nmet hod for the synthesis of_ conpounds usgeful as inter iate n the
prepar ati on ofhedbeRSELIAItIRH fofﬁ‘g pﬂ?ﬁ@i’%ﬂ% ﬁ"ﬁ?f&ﬂ?‘?’%ﬁ”éﬁ%ﬁe&%&’?ﬂ} net hods for
t hei r prepar apic@Bntiondea diesz@Londsndition nixeligedeyareetbnalodmticic regeptorst he net hods
descri bed bel ow using, readily .avatil abl ' terl reagents. In
t hese reacti oﬁgmpvg}ggg%?cgn'ﬂlﬁb{at% Otﬁg?%g%ﬁh\%%éﬁ%grg@ '%@ﬁiﬂsel@g'ge known to
t hose of ordi embydiskht theinsurbhalsicatitic taeptans@renaitthele4f@rsubkype.i In odet ai | here.
25Unl ess otherw se stated, structures depicted herei e also neant to
i ncl ude corrpoﬁﬁ‘&g‘%WﬁPtc © geyrpag! ”&?ﬁh]ncfeﬁe’fqﬁré abe}%gléen%%cor}tﬁrﬁ)lﬁ or nore
i sot opi cal |y egstjshan oss enbodifaythelnelsolmnicotgid reeeptoresrerst st ruct ure except
for the repl acenent, of h ogen. at om.b teriumor tritium or the
repl acerreﬁg of°q 'Eﬁtfoﬂﬁﬁ%ﬁt‘%"ﬂé 88&56“& -'n'Bgs%)ﬁ’%%ghri ched carbon are within
t he 30scope of theOhausict afthe frosenexaentibe jnclided 2coropnuhdsftheen wi del y used
to exam ne the phar.macokinetic , I LO LGRK Yy active
conmpounds. Al Pﬁ%ﬁ%ﬁn\'&@ﬁ%nefﬂ lﬂs%a%eaﬁ%\g/té\}s&é?r%%%? %&Eaé‘@%ygﬁ%gﬁ’% froma chenical
perspective, tiusriecladas asiogwotintelrite priesdninventies faryseprite EerRiMgN€S and bond
| engths bet wegh, gk §ulsuile Bt ARLliAL b A didhanagsne dédaptars3Sbond.

0

Consequent | y, "repl acenent of hydrogen by deuteriumin a biologically active
conpound 28y rcewalising the adroibisiationc’ 8 kamPERE KieIPjeseatiBYeRECN. 18 °B? ocheni cal
potency and S%lrrﬁ)%ih'\%l'\tt, YeHdliroNBHidogSE RecabtORidrd 6aRE L¥p2HublyBs emtoneabsor pti on,
di stribution, netabolism and/or excretion (ADVE) é)rope_r_tl es conpared to

i ts isotope-f reedodioent temertonalTinegnic treaptersi AigPiSiHELLOUINBH may result in

| mproved drug sﬁ&%xﬁ?ﬁ%ne §rﬂB§&ir¥ent?tﬂ?419ﬁroﬁé?h%Blﬁh’d lebdptork @fe S0 bi ol ogi cal |y
active conpounds:” 5The conpounds’ of the present invention may crystallize
in more than wsaebihstianof theoide 40d efretpiging AgkirPeas pol ymor phi sm and such
pol yror phixg forms 00l pARF RBSresertifeidrhdudd @l s6ABRatRhs bhe present

i nvention.” Pol ynor phi sm general 'y can occur as a response to changes in
tenperature, PspecdRA engediES: Pol ynor phi sm can al so result from
variations in the ¥Rgfostiag béfmabhosrepicnedSlariBobytmot Iphis theaerntse

di stingui shed py varj ous. i cal aracteristi.c I art such as
x-ray diff ractq%ﬁ'??dpégtat WQE%W&’BWCF eI IR S%%ﬁ'f&C?'!Ygd% ﬁ?({)@lbh% &'httgrﬁq Certain
of the conpountisuldestdridoesiddred ipdefintenRather, tees ere used witinthedll centers, or

may ot hervgose Re- ?@(ﬂ??én‘%wg%f existing as nultiple stereoisoners. 15The scope
of the present FAvent ton 1 hcl udes m xtures of stereoi soners as wel | as

purified enanti omeAs used arpaahoub Hits sregificajionthesprafesABY e of §1o/Er i ched

m )o(l't ur 35- | Al sakmad ébg&ﬂw Abrh&liwal $eht‘§pr%6@rﬂ@d By, fdrfégam@y,aﬂé br?aseatole_y t hef ]

i ndi vi dual isoners of the conmpoupds represen the formul ae of the
present inventq'WL,W%l%h § tog0 aﬁw[)gr%ﬁgbergp %ﬁpﬁc{?éﬁt@mgg‘ °l i'brat ed mi xt ures
thereof . The 2ppciteionimbiensieattiooataiss Similacteudegogyhwell apry for dtbed | soners of
the comoupds JaBiEPRMEhdNnddlS LAAINAS (R BRHIAT Lk NEREsefs 1 | SOMer s

thereof in one or no _ centers are i1 nver ) When a
compound i s dess$traight erdrapchphefain ydeasarbsmspntaising RneRspE@RAN AT RRd by
stereospecific synthesis, by resolution of the final product or any

7



25conveni ent internediate, or by chiral chromatographic nethods as are
known in the art. Resolution of the final product, an internediate, or a
starti ng watervgh7seaay be effected by any suitabl e nmet ho#Cnusesoiosssshe art .
See, for exanple, Stereochem shy of Organic Conpounds (W ey-Interscience,
1994). The present invention includes a salt or solvate of the conpounds
30herei n described, including conbinations thereof such as a solvate of a
salt. The conpoundss afedtheesimihe temt'alkylirefers o staighoribsanched ewinvat ed, f or
exanpl e hydr abfo%ca nV\@ﬂ'n En %ﬁ*UQE&loﬁ%‘y@gbétﬁt&; w1tﬁ%ltfp|éed FRgent invention

enconpasses a suc ut not abso utelé the salts of the

present i nvensm@htumfebeg&ﬂa\*/ﬁ%c’e%ﬂnﬂ'ﬁélqua"ﬁlb@éb'?%ﬁﬂeée'géﬂd( beh) ¢ s

enconpassed V"bFe"Ho'E‘IuFu@?therﬁé’fhylFHE%}i [BRSHL IsbBrRbYI VisGHue/@ Pt aersBltyls” refer to
non-toxic salts of the cong/oun s of this invention. Exanpl es of

sui tabl e phar ﬁﬁ@%’ﬁ!‘l%‘ﬂl”f%ﬁ bcept able salts include inorganic acid addition
salts such as chl ogd gd rﬁféﬂmr@&ems‘ld%laélleﬂ" refeaphdilg sa@mratecni trat e; organic

acid addition salts such as acetate,. | a at i onat succi nat e,
|l actate, gl yc6ptignally sygptiyted "‘Pﬁ?ctya @,Cﬂ’ﬁ? T‘&Gdﬁ%‘?g Lgon r@Pu‘rﬁ;ér at e,

nnet hanesul f oRadtple degleeb Uﬁsﬂﬂbsmdjtfoﬁrbahg ,aIl@nlmﬂ &Exemplapteyclaiiiyt’ growps h aci di ¢
anm no acid such as aspartate

sodi um sal t aAgUFsEEE nlﬁ‘ﬁll“g%lbf]parﬁ 'I"fatﬁngE ¥Cﬁ?‘§€ég aw&b%* galsb(s:hs;gh 2

nmagnesi umgal tydopeniyabydahexys,ant cycam’maptyi um salt; organic basic salts such as

trimet hyl am ne sal VL i ut | ine salt,
10di cycl ohexyl am nés géeid h%wg?ﬂeﬁf h%?éb %B/ (Eart ﬁét]g@nﬁgjll zgﬁfle%etgggl t; and sal ts
wi t h basi c amopiinalyi sibstilatiad aong-yos ipplécyskg fﬂ”QeﬁrYéFe@r eptienally cealpiNindThe salts may
be in some Ca%ﬁéomﬁ% ﬁr%eﬁf)f PER8RAbn, 3R %Bb Bntaihihg o@éﬁﬁ&b Synt heti c

Met hods The conpoun present invention can ¢t géé)ar d via the
15coupl i ng of hatermms@wbncemawepetmam Hibplityted, dY'@i@Bti‘ ®Anely one in

whi ch one a@f DS titueh BEThdRIovEACEXSNR ﬁét@#bﬁﬁ)_rﬂsSndtﬂjédﬁfc@dn wayg@actl ve by
suitabl e derivatization, with a swta%

activated. aci d,
chl or of or mat e O Ul &EMRi iBFiuding %@%'F%PF‘%}%O "%csn@'r‘lciﬁ%'ge é@é‘gheme 1 Met hods
fordt he prepam@tmﬁns mfeeﬁewm-m?mﬂﬁe@rméfeebl@dwrelé-adaiphtey@hmeqw?! chI f:an be
used to prepare. the c u t he present cifically,
conpounds 1 aﬁﬂdfe'tgﬁﬁgﬁes %a%%ff%”@s 358 %deb%@%%%E%gQ%Z to Pinna, et
al . (incorpor &Jeldruhgs mapf ter aptiorealinfuskd toecgarodrrtoc,e efgobthesgjerotystid ¢ t eachi ngs) .
Those skibjed rlln i 85&"@9 r%gg@géfﬁn‘?pl&ycm ﬁb&cmﬂ"|gFoub§§§’9§Eth%ré|ﬁ‘at ot her

suitably m)no p icycl'es (such as conmpound 5, Scheme 1) can
al so be used tlmzllpieem&ﬁ@ nob lirpitagriel t@tfal‘wﬁr@fqﬁareﬁﬁﬁﬂ tetrﬁr*éﬁ!fppﬂﬁn (ske, for

exanple, T. W tr8lidir RohblinéCtefrbIRYdRsthibpyréd, gani c
Synt hesi s, Io%ﬁe?e%nmng p%e”%e\%r :)r|15 Neﬁ{/hv Yorek I((1?9{!999|)F5yr01e nmeans of

maki ng am des ap¢ tqt'ﬁ‘é&’dﬁ?@@@?ﬁnel nvention is to couple a suitable nobno :
N-prot ect ed- 3, 6-di agabécm@é.@[tﬁetbnﬂ]érﬂptemetm §|r|1'g|@be‘rueh@|hig/orffumedtl onal i zed

car boxyl i aC|d foIIowe by. r of a tetln ups 5A wi de
variety o carbSBﬁPﬁ”Ega X’Q‘FE Pt(':(inng}gaﬁﬁtleﬁ%h e condensati on of
an am ne and aleg@ebobgubstﬁut@oibdi,ngbﬂnvmdocﬁxemplamofd‘myﬂ@rotmypso%d y requires the
use of a suitable ac yl car bodi i m de
(DCO) , (benzot?‘i'“é’zeg‘?‘hfye%t sttt szea?%??@?"gm Ngyhtﬂ M@Jﬁﬁ‘%

hexaf | uor ophoguh@hq\a@m)e Preferable aryl rings have five- to ten- members

10(benzotri azol - 1- R arfm@éd ] E&@}Q@F& Q&h%&ﬁ@@%émﬂﬁmﬂﬁgsphat e
(PyBOP), 0-(benzot )r%gﬁ%%ér{al ¥ . NI blrEZt et rarret é[ ene) ur oni um

hexaf | uor ¥hospRREE' ("F%Iﬂﬁﬂfuseﬁ)ﬁ’?'b‘e’ﬁ'?&tyfjioﬁ% NSy ngely NR{EN ©
tetramet hyl ur Qﬂbﬂéﬂ’érh@%ﬁftﬂ 2154 mpmmmmmwﬁﬂairbﬂnonmmmwz dbubl@zol - 1- yl)

N NN N - tet ramet Bt QR Wik AS! LRI EORROLAIER rhd Bl tbandl! sukh 28LNY! - 3- (3-
cyclopentyl ring) is fused with an aromatic ring (aryl, such as a benzene ring) '
to form, for example, groups such as indanyl and acenaphthalenyl, and also

35  includes such groups as, for non-limiting examples, dihydronaphthalene and

tetrahydronaphthalene.



15di et hyl am nopr opyl ) carbodii mde) (EDCI) with 1-hydroxybenzotri azol e
(HOBt). O her activating agents are well known to those skilled in the art,
for exanpwe,20sd@g18so and Yajina, Peptides, pp 39-91, AeauarseeoPsssss, San
D ego, CA (1995). Alternatively, am des of the present invention can be
prepared by 20coupling a nono-protected diazabicycle with a suitably
functionalized acid chloride, which may be available commercially or nmay be
prepared by converAs md@brenmélestemn‘t'@bteyoafﬂ'ﬁéfeisotﬁélm@é’ﬁyqli‘af‘fﬁ)t?yl ic acid. The

acid chloride t bi{ciit BRnAPfiAPEystine car boxylic
acid wth, arménva4 n%ﬁned%%?’gﬁ&ﬁ%mqmgt&?%%ﬁ%@&hl {Cl)cl:’ll de_ or C;Iii(ti) Js hl ori de. 25A

simlar strat é@fppftﬁiﬂgd‘é!%éfrfilﬁﬁaroal?@?/@”@awh'%”@¥88 optignaliy sy f)%étﬁ ration of
car bamat es an%t#ﬁr%%le@fegr‘febﬁoﬂ%a@tﬁurtronIbemglaudem PRsfeablyysuck dndsamat es of t he

present invention can ared‘_ % ﬁogﬁ p{a] a suitable r]% nctionalized
al kyl - , aPyl Qont%in'Yf‘eﬁ%‘ieaé@ e&%lé‘ﬁ? FIRRE! W98 FO%28 9N 8" nono
N- pr ot ect ed- 3nfrogéH, émmblawm@[y@edatﬂ:]nbeWa@N -oxfdeb | sutfescbxioigs, ra@doval of any

protecting grau it n "
N pr ot ect ed- 3! @E'H?%QFSQFW%%&T éét“firoil]% 5(5‘? @tmﬂg l(_a)f)ampclzef)suOf % Yh a suitable
functi onal i Zegdroabkyd usedaedin inclode, bettaee namyilted B)ofuyan&n@herﬂepl | oned by r ermval

of any protectin e & ention.
will be appr el é(?%%"aﬁzpoi%&%ﬂgéﬁﬁ%re% S';e %aztoré ?)%rezglésg&xo?&%ertal n
35st ar t i nd0 mapeadiable, thiadiaadleiisnghiazets, Iovrwnrye PE@J@%‘W@Y@E'ﬁ@tRS’BW&'”e@r oups may

requi re addi t1nalDEGK AR AUAGRIAL BEIRTaR beRBERIDT event i nter fer ence
with the coup I'ng reaction d gaeotectlon/deprotectlon steps are well
\gdaz

known in the bamzothignbeneingeis) benzinyigazoles EdagRaYi®ineG, M Wit s,

Protective Ggy,@%w@n@ﬁgadm% .@y@b@gm.@ne 3rd Edition, John Wley & Sons, New
York (1999)).

appr eci at hos | n the art
t hroughout t he preé%H?eds'l?éed" F“Lﬁtﬁ’?‘{)‘?ﬁgreelsr? S ﬁtﬂé ﬁzﬁy?ﬁ?gﬂ'?ﬁ substituents
on rings B t R@h26OBNALIRGKYDhalb TRldalke!s alRdxy alkgthiol amlox\y latylthie, sel ect ed so as

to avoid steri b LLA b a T Killed in the
art of organi cﬁgﬁtﬁgn@wl ﬁ“%&%% ?ga CBE C(t l%?% eé;?g% grul tiple neans of
produci ng corrp@(ﬂRin)pJC(t@)eR pDé@@W)dNR?LKH@)RﬂnO(@BaRR&;JsNR%S@zﬁfeans for

produci ng conp b n i chya! 8l ed with a
radi oi sot ope a?o%pq%rl a% ém{i E{/%?SRUSQSQQ\S%S%WIE@?M;X% Nﬁ 30, (ﬂzaoﬁﬁf\éng of a 11C
or 18F-1 abel edastRtianddRfl individustyristhygrogen, iakwlc Gueleati, t@rﬁCWhﬁ%ﬁd a suitable
mono N pr ghect iy Gy B 24l G chobpe ik MIAROROR il BupsteliagerDval of any

protecting groﬁﬁia ds descri bed above_w || produce a co und suitable for
use in posi tré%oéfmas%icbw SR redgg. TD‘I‘%(@%\P%%exaﬁTE’@o il S)Of a 3H or

14C | abel ed a%zﬁhmﬂhlhi% ﬂ‘fa?'bg%l%tlttﬁﬁd fir&®G Yaarkgen, wuthagrF st seddnéd mono

N- prot ected-3 di'azabi cycl obp_é 1] hept ane fol | owed by renpval of any
protecting gr&}iﬁﬁ ak@XYy 84Ty 3S5¢ bove wil|l produce an isotopically nodified
compound sui t abl e heusatsikeréin tHeas@pthalbgén " nefersdo Aundinardhiniod,ibsamisé,udi es or as
an alter n%i ve therapeutic conpound. 20Ill. Pharnaceutical Conpositions

Al t hough i€© i £'{58¥8i bl e to admi ni ster the conpound of the present invention
in the formof a bakksathdreie thettenm haloalkylt refess pra@faéifyr@rdum @sdefiiedi st er t he
compound in the £o0m. s&xb@h%%ﬁ%li—:&ﬁbn&ﬁ’ o | EQRpiRs of RAABAEAL T ON.  Thus,

one aspect the preésent invention inc maceut | cal conpositions
25conpri si ng cﬂﬁétf@@ht@b@'ée%'ﬂ?ﬁ‘s@bﬂcﬁo'éﬁs asms%h%reln inghiieohut gigdtfraceut i cal |y

accept abl e saljiied RERRSNI, BMAY, grasymgoaawye nfbaef, rmeumtylcsabitm@mcept abl e
carriers, 3& | uents, . or e@{: r%noernts not her as gnntl on provides

t
a process Por Heceeprieapayih ¢ mOf%h?Jﬂ%ﬁ“ﬁafefe?ﬁaﬁ“@Eﬂ f"i:oé?‘rﬁo@lmfl on' ¥ ncl udi ng
adm xi ng one aihdimibe Tae o unasaliof' skowldrbé atdrprated toinciptasuthceut i cal | y
30accept abl e sa e e armaceutically acceptabl e
carriers, dil ueh 3“959%‘% %;ﬂumota[@%&pg u{ﬁ)éﬁ](ﬂh fanner in whi ch the conpound
of the present |nvé\ntusefhh¢rsm§dartﬁrrm ‘sikoxy defersrio @Qraup -PRS Wherdind of the
present | nventd"@naé Rerélh %Eﬁe@bl_u’l(e\ﬁ@éﬂtrﬁlé RIS FA1tAbEreteys toRI oy e,
phar maceutj cal r’erm tions for ora 35admi ni stration include tablets,
capsul es, 3<,5apl"@"t sisalYas e EeT9RS, and suspensi ons. The phar nmaceut i cal
conposi tions of the present invention may be provided in nodified rel ease
dosage forns such as tine-rel ease tablet and capsul e fornul ati ons.
The pharnaceutical conpositions can al so be adm ni stered via injection,
nanely, intravenously, intramuscularly, subcutaneously, intraperitoneally,
intraarterially, intrathecally, and ingracerebroventricularly.



S5Intravenous administration is a preferred nethod of injection. Suitable
carriers for injection are well known to those of skill in the art and

i ncl ude 5%Ocexta7os8 sol utions, saline, and phosphat e bufPCErsdoisabisae.

The formul ati ons nmay al so be adm ni stered using other neans, for exanple,
rectal adm nistration. Formul ations useful for rectal adm nistration,
10such as suppositories, are well known to those of skill in the art. The
conpounds can al soApesesdwerain the dradaripxy a2 BGFOUPFSIR eWBBREIS i n the form
of an aerosol; rymsprh&ahhgfneaugmeme thé‘tehﬁ)térﬂihlof edrérs td & gragglesrral |y, such as,
using a transder mal atc d%{Qr exanpl e, by using technology that is
commerci al |y iRy %rylqu delieds and Al za Corporation):; by powder

injection; or by 15§9€e@&iereu$lah1md’1w&b fo QgroUﬂt—NEtﬂ%fs‘aherabs@fcﬁﬂaon. The
.as u ed herein neans a

term"intr nasal ver

met hod f or dr ag? §b§ %’ %’h 4‘{?#‘86%& éﬂl%f?bdlke[drﬁ"ﬁn? ﬁ%ferr? S89%Re term "buccal
delivery" as usrR®R®haeeinedorank® amdrﬂé?tlrhuhﬂbdawlsprkglsemenyhglkym drug for
absorption thro caI | a_The term

20" subl i ngual CHUTHNVE DA NHERRECHl e AR AL A AT dmeh RN R 02 ¢, | C
tongge bcm | g@fus\mththanheetregm Euctrragrsnmmaxaea raﬂ@'red\xeayarm{bhfd@tﬁd | Dr ugs
can be absor u in the nasa
passage and |%9]t¢1 @ﬁ?x%??ﬁ 'Syﬁfﬁqﬁfl\@r%@gk%@@gal surfaces can be
effici ent 1Because Ahesed hgein, tth?etegm ?Umﬁcébilcﬁéltﬁﬁ?@ftali'%éeféﬁtﬂer ms, a 25ngjor

barrier to ab%ernQrt(é)Ocﬂlu@r‘?((s‘?%'imb@ﬁt(s’f)|6f&Ithﬁ%Cb‘fﬂf{e coHfpba@wRYf e al so typically
rich in bl ood supply, ytransport drugsﬁkgstemcally whi | e

avoi di ng si gn|pqué'?alﬁﬂveﬂt§{§‘rt5§é‘ﬁ ‘Eﬂﬁ“ﬂf\}‘b'FWI‘tEE lepihes INgERian{S Ot & abol i sm There
are three rout@suRfiorAdtRiHoPédiatEridudio the Ugsipis bagie harhiagedtiog ol f act ory nucosa,
i ncludi ng by the olfactory neurons, by the supporting cells 30and

surroundi ng c&PTPISH%)- bed, and into the cerebro-spinal fluid. Absorption of
drugs thrasgh the nassdd Hasgsiee ttaemdmamcbencammmosition refersitkka i nt r anasal
adm nistration, ora ansrrucosa abs t| o ner al | api d because of
the rich vascﬁP'HPo@ﬂﬁ% IS e el g '5:1 {}rﬁ'xg? glgrl](g% b "%r%r at um cor neum i n
t he epiderm sphéiumhetdncal(y accentmimccetrnetrypillms pr Stperds iPthegnageutiepl d rise in

bl ood concentr I [ gtic circulation
and i nmedi at e g%éém '%ger ﬁ%@r{tr&?’dga}ée%oq&ag tfﬁ‘@?%ﬁﬁst pass effects of
gut wal | and herphuqnsswﬁmhesimm suitable for mpnuéasturipgpedl | y need to have

prol onged,gxp [@bsdguicosal surface for significant drug
absorpti onSt O%gﬂéféﬁcﬁa‘ﬂ@ﬂng @ fecting drug delivery include taste, which

can affect contact As bsas hesginy ﬂ&ﬁtﬁgﬂﬁ @ﬁ?%'&? POAUNDI Y aBBL6AFCEN s general |y
greater from LAg dideR@ldoss" reat aH4RRER dfh@rbomp@motdwe%r@mue and gi ngi va.
One |imtation associated with buccal drur% OEQHI IS Ig é‘ﬁfﬁe whi ch

of ten resul t s MVAMBRUEiFRY HPUEHRE Fesiied Phamag XNeraRPUge what of f set
by usi ng buccauspedistingai arpéffeenlaaratlicht obsdisdréerk M@atindnot dis@dér, to i ncrease
the fl ux dru t hr qugh, t he micosa, it her r sal or buccal
rout es, d%ta Qbag’(sﬁ)ﬁ nﬁﬁsq%daéwgeay"ﬁf r&eﬁve%n ﬂ%e Onse ?r(??cgl?ecis’ghro ﬁ{&%t ake may be
al nost as rap|d¢$oa;@r iaf welha$ ’rlmeroawtnonr@glt@@w%of\mmetoa‘@rﬂsmoﬁ%i\ww thBecause of

the high per ”Fd Bide. tﬂeﬂ&eﬁ%a?ﬁ%ﬁeﬁh%?glsé Hé’ma}ﬁfesﬁé&eoysa'-@cfeﬁgé@fl route can

provi de a rap| onset o ntranasal, buccal, and sublingual
routes can be efnisplignaigymeipmagevarsal ot thapiodepspian Pithe disoler fawel difficulty in

Zwal | owi ng talék%woths@dbmb@tﬁm t@thelmtbbmg oothalpaﬁéhltl ds, or those YVhO have

i sease-c romse bsorpti utica

CONposi t i %ﬁp may be" ’% c?éﬁ C?W?ﬂﬁldf’pﬂ}?g‘@ 48" fﬁCtOBSrSLlcﬁa %iple or subunit

doses. . The admbnﬂuminrcatﬁe(mtleﬁt thé eeveligrofritresyhpoals of episerder, and théescr i bed

20herein can t?:?a h’ar ce caﬁccgnr%%g’tl@rg is aﬁf?mmlété}g@u%lcﬁ stant or
ositions

controll ed ratenln% ceu I ca 'stered to a
war m bl ooded ambwmmmredeszanﬁff@tN%ldcna&mmpoyn%&m%beaa%w%redwat cat,

rabbit, dog, Fé'n@mo%ﬂt‘%fle%&trfﬁﬂ@?ﬁg’/kg&‘Lﬂatléﬂ%@hﬁQI%%ShMourﬁjs bai stered to a
human bel %% é:a addi tion, {)H % %Lﬁﬂ 92 agrrbter ?\/ ti mes per day
that the 28ph Wﬁ&%ﬂ?i’&‘aﬁ” Sk leaﬁtﬁag BT Mgt It iy y The
corrpounds of tlésetrmrmmﬂoowexgtofmuenwye@ﬁ anﬂéndthenbétheertat&mtﬁent of a

vari ety of di SORASS sdidh SO0HA A9 8RTeich® THIG el BN IELd

conbi nati on vari e e ther IC agen useful in
the treatnent or prophyl axis of those disorders or conditions. Thus, one

10



30enbodi nent of the present invention includes the adm nistration of the
conpound of the present invention in conbination with other therapeutic
conpoundswORor1/ax®apl e, the conpound of the present inveoTiuseoloamssBe used
in conbination with other NNR |igands (such as varenicline), allosteric
nodul ators of NNRs, antioxidants (such as free radical scavenging agents),
35 antibacterial agents (such as penicillin antibiotics), antiviral agents
(such as nucl &oisaticepnstnd it ampuns that Gll@vb@liafi‘mm&tﬂﬂech@ﬁ:#ﬂm}? flgse. @int i coagul ant s
(such as warfgghpg o rﬁ&gldoéé%fthamtb@rawnm&é}ééo&ewczh rsNeAbdS) .

anti-pyretics, analgesics, anesthetics (such as used in surgery),
acet yl chol i nest er abke ?qmﬂobi‘qstﬁfg"s('&ﬁfﬁo'ég‘aﬂ%gﬁgﬁmaé(ﬁ'df Yefl ant ani ne),

anti psychot i Cgetrivis, hncﬁ\ﬁju@afl/éﬂré%falbﬁgh'ed s tlﬁ?el@rﬁidﬂ&)ds QIIlﬁﬂéWélgéﬁeraaEd 5

queti api ne), i nmuno- pr essant s c orin t hotrexate

neur opr ot eet i w%@m d§?@r§ﬁ8‘§bg€”§’@@ﬁ%§§'% &%‘FH‘H‘?B?%DQE

corticosteroi dﬁeulﬁtfbu@ké @spﬁwamrmmgﬁxampleﬁl sone, and hydrocorti sone),

vitamns, mnerals, nutrac cal s n i m pram ne,

fl uoxeti ne, par oxeltnlﬂﬁe exagip PC”S?%R]& eogﬁg&%ﬁ??@tpgééﬁﬁgﬁ%&/?%re and

dul oxeti ne), eafanch\@lg,mupssare( empihyw!swmrqomei:zaﬁa@nmancbrtﬂampwrtbgel)eral

anti convul san ilators 10(such as
bindigeked s ?@h&.@%ﬂy 8y awgc;ggg?oggygae%m AR

prazosin and uch as 'val proate and
ari pi prazdfe) accanding foatméardquh@sis(oégr@hnlagyré!mSIS-(“p’rW Greepand fes)
- anti hypert ensj QYLﬁ‘éJ@ 85 F(rét@&hg@?ro%%‘@@hc s%fP:@k:Q'ﬂfEdm%m SoRhdi ne,

verapam |, an mesartan), |axatives, stool softeners, djiuretics (such as
furoseni de), HYiey 8sieas rP@ﬁ"E:%‘CWEQfé‘Wd%r%f?r@?@ Wih 16e9rd foprplectiids ki net i ¢ agent s,

and anti - ul CePrdTBQI ﬂ?ésb@ﬂﬁjpién(esrb'ﬁﬁbve%ﬁatQ%@lﬁ%lareﬁtzﬂégé)oftrﬁ&hwpauﬁm”bl nation of
phar maceuti ca

active agents ma iste r separately
and, when adn® ré‘is!?r‘{?ﬂ‘gé‘é%éﬁdéli@t %rﬁﬁ‘WﬁP%alr?rgtt?{g‘ ‘?rﬂ\agg ‘EF gl mul t aneousl y
or sequentgal ITMe sélectian yf mrockBtes dheeliasnhteactivh cohditione apdunidsofor agent s and
the relative .of mnlstratl wll b ec i n der to achieve
the desired t Fa%g%’tt'?'&srfgé)fefcg'&st'StenWéRgﬁrﬁr?ﬁa@'lpat| rﬁrﬁ poﬂn%so%%‘f $hation of a
conpound of t bespntésention. nventi on with ot her treatnent agents may be in
conbi nation by ad
phar maceut i cal co%@ssﬁ%&lln?&tﬁggggg} qb)'%@%ﬁg%elt%d fé'ﬂ!p‘e Qyn%%%) separate
phar maceut i cakompeynds Hsdfdas intermigdiates inibe n@p@r@éormﬁf qoﬁ@owlﬂé‘q@bth‘ﬁds
Al ternati g@' ypretsgﬁc iRRARINNAS oWt TR BB rSRcprBip4tRhed separately in a

sequenti al manner wherein one treatnment agent is adm ni stered first and the
ot her second. SuchTR&ESATAHNG CRAPRIPHIRSGIACFIHINEIR th 11098 835HP%] e or renot e
in time. belONQIEING FeaifPARiatk sthiifg PragsiaBtand Feegsiits O thével udes conbi nati on
t herapy conpri si adm ni sterin t hera tlcally or

prophyl act i calr?i‘fﬁ‘%ﬁe‘ﬁ“éet?lm\?é( bg ye(gwﬁicﬁgrej tﬁ%B%%‘f?a kB?WrFﬁH Brésent

i nventi on and oafireanpskillinthés art e iaret doe degeyibedioldetil hgrechenot her apy, radi ati on

t herapy, ggne ther BR%ss c%er{ugglé&?éohgﬁ (%%ict err]é?lqgre%ﬁsouﬁééﬁg% The conpounds
of the présSent invention can be use e revention or treatnent of
vari ous condi frictyde compelings whieh dlﬁﬁmnlwmmﬂpr@%qmeq: ofccy}@@s m@fe ni cotinic

conpounds haV%o%%awoérmeﬁ&%rﬁg BbrRipstRO¥Raviry tREpds &t Yrucddire bR@pAPEUL i CS,
such as CNS disorders, inflammtion, 1nflammtory response associated wth

bacterial andfthaePiaperent et MsFpoep 2lom by deHerbe onigugh 8T 'e syndr one,

aut oi mune di sepiftement dlarcamon kg Bed 13c06rdi‘ct Effteed agtborcire Qutsin tiebesi ty or

ot her disqpders de i.bed.in urther [ h| ound can al so
be used agba aFan?niﬁ}e "Eve%ent R e Ie %g mbm RS geeﬂ V\f'ére éseg?érﬁ vitro 5and in
vivo). Such t leganaipetitei rlhamrrﬂdzomlehes andametabnlgm qrb@m@gtlmdbeej for exanple, in
ref erences pr toal., Drug News
Perspec. 7(4) %8'158@%9 g@h@ﬂg%@érﬁﬂq%eﬂa()% M%M%H g?)mﬁ‘l( 1): 1-26 (1995)
Arneric et al cherpigg pergpeeiive.thrre gte signifisgat differgncesiy. bPO@e’Qe.EQ'%?”d Yang et al.

~Acta Phar m3lCO|bonc§5Ie thSEdthen o déltariutn-€atbiiBDond BadMe h@drbéerf-‘éar@dn , J.

10Phar nmac 413 6 p 0 et Phar macol .
Bep. Ther 357785 Pdmgwiwéj rerlatsRenty grooer S Rlsferfin 0o Bojebisdvriior T5gs:
390 (1999); Clactveicosipoaid. maymsgtlnespmbmgyd tioet gerletdlly r¢tdd993, Lavand' horme and
=i senbach, AngRchEREaaRYc o shLEd bRneHoL kAT Kup gy I Ved- Chem
40(28): 4169- 1997), Bannon et al., Science 279: 1998), PCT WO 15
94/ 08992, PCT V\D 96/ 31475, PCT WD 96/ 40682, and U.S. Patent Nos. 5,583, 140
to Bencherif et al., 5,597,919 to Dul l4qet al ., 5,604,231 to Snith et al.
and 5,852,041 to Cosford et al. CNS Disorders The conpounds and their
pharmaceutical conpositions are useful in 20the treatnent or prevention of
a variety of CNS disorders, including



neur odegenerati ve di sorders, neuropsychiatric disorders, neurologic

di sorders, and addictions. The conpounds and their pharnaceuti cal
conposi t iwox a1 used to treat or prevent cognitive ®@efiuszeis/0583d6
dysfunctions, age-related and otherw se; attentional disorders and
denentias, 25including those due to infectious agents or netabolic
dlsturbances to provide neuroprotection; to treat convulsions and nmultiple

cerebral i nfa@bsaptiondistrlution.FpRiebaisre Andisr excretionddPMELPEPRIiRE addi ct i ve
behavi ors; tocpnparbd® iRnstigRSied coliftepant Tils, dlitérarm@ubs@itionsheyh as nedi at ed

s S?éﬁ.kthEa?%ﬂuEn“w%lefeo%%&%‘é{eﬁ*cm%&gcﬁnﬂk@dﬁrﬁﬁ BB - Pt ect fous.

agents for tremidgrgiyetivecdngdoundsungal , and viral infections. Anpng the

Compos 1 ofis. of -t nLMEREERRE VBT PsT bugr B FALBRHBA% Rafr PRI et “ar e

age- aSSOC|atednaﬁmmrqcmmmmusmﬂnmwhAAMmeouhbdlem@nmhpvbmpmpalrnent (M),

age- related c ntia, early onset

Al zhei ner' s d?@@gig&ﬁmgﬁﬁ%zggv&nﬁﬁﬂ?%scogé%ﬁt@:ﬁgsg 3’?%@% zhei nmer' s type,

Al zhei mer' s diPolyaephispogamietally eari epoei asreRePanse deihengasan leaIPRBfUeLewy body

dementia, Hl V3 %%@tdr%otﬁlﬁgﬁﬁn@%ﬁ%ﬂ{ &ah eﬂ:é?)rFE&ﬁPﬁom \Ya@@ﬁdhlsf?ﬁth@enem Ia, Down

syndrone, head trauma, traurmatic brain injury E denmentia pugilistica,

Cr eut zf el d0Jacobtaltivalion peocasd Ftwnampfmcgaégé@m@ﬁhe% Y VIOHS P%MS'C?EC heni a,

peripheral i sch&bigrstied kdWhiiPthe @Rfsusn &s HiayQieifition patleditt bobilgf i it

hyperactivity disorder, dyslexia, schizophrenia, Sschizophreniform

di sor der, sch@E%ﬁF@@%PWO@ di sorder, cognitive dysfunction in schizophrenia,

cogni tive defici tscenfansshheocpm@nd@desewéaihemémmum ored arcang cteat ki nson' s

di sease, postence hal iti ar ki nsoni R |nsoq}§ 9% iR of Gaum

f r ont ot enpor aCeHEFeN T ‘%?ﬁ%x Sﬁapsab%}}dg a‘&?@)mu Igegg ! ggl sease,

Ni emann- Pi16k’ §hEs&na$emeHuubhmg&mmk&nﬂM@BamaweH@hﬁemgSGnesE@M@Hea,_

Goay 3K eS| 2o g puftRBRbARHER L NS RERLAy abaERDIRI kAR 2. SPastT ©

dyst oni a, hypgr rogressive supr i progressive

supr anucl ear pmxtergssAISothtied;wﬂhlretble§9®nﬁQim§3ln\@”é@ﬂ@ﬁé’!&dndl‘dﬂléﬂb di sease,

mul tiple scler t or neuron
s%ﬁe?ﬁ ({f‘i’ﬁ%’&trﬁspgg sGeprBL&h bﬁﬁ REARLS o tl%ﬁ* serffD

di seases (IMND) stematrop z}wﬁcortl cobasal degenerati on,

Gui | | ai n-Barr Irsyntmnoaqua@sswhow Péﬁ'lakbfﬁ"@'“ qdRvteStiereni® i nat i ng

pol yneur opgt hlbrés%tw\knt;&pélécﬂﬁaudesahgxﬂ&@ifr@él isdARtY G e dwcpbuﬂsd@,al frontal |obe
epi | epsy, mani a, anxi et

epressi on, prenenstr.ual pani c
di sor ders, bulr?m?séntegr?d?(@f%“u'ﬁaﬁb%‘? %?)E‘W“r@‘ﬁ‘g’s@‘?”@eés ﬁﬁ%"i Revi3eepi ness,
bi pol ar di Sor @aé o5 mg@rmrralcemeld aa@mu@teyi d| sor der obsessi ve compul si ve
di sorder, rage outphursts, con d el e oser tsluonn Blefi ant
di sorder. Tourette" S8 FPERY '%ﬁ?ﬁ"g asaﬂ'}a Ha al'coRor" Had4reti on, tobacco
addi cti on, comptainetbe stevenspaificrsgnthesds, byemsalutmty@fthﬁfctai raducCoranyt | ve
i mpai r men o] j I di sorders or
condi 1 o> sGaveleH BRI EHt b ErREaRGH AL GERE oo SuyBiEbn
i ncl udi ng but imibe afti Rbs@utlon@ftb‘gilt)ﬁ@[qd@%ﬁ%@F&ﬂ'@fed'a@cﬁlaﬁﬁﬂ'ﬂ%nl f orm di sorder,

schi zoaf f ecti \h%t@llé%&isé eﬁ&%dtb%'aﬂvau.tadléﬁétﬁl&f knob«hl.reﬁqe payebetbc di sorder,
shared psychotic d| sor der, rd ue to a ner al rredl cal

Eyc hotic dis 4%

condi ti ons, dé&N¥AP Pa%te’ﬁﬂ‘ff’edl’ﬂ’?!ro’c (CtGapEPOH '8¥ 'F‘H‘E]Cﬁﬂ g) but not
limted to m|d cogné piegentinvpationrenides pseait Grfsmivbte dﬂ&feémohmaundél zhei mer's

30di sease,,~s€eni |l e nt.i age-rel ated
nmenory i n’&gl r rpgret'n gﬁf%ed %%l“‘gjﬁ‘fg&’%% r%t'?I'svég'%ﬁfg gé%é%'%’ &e%ygﬁgts denenti a
conpl ex, dyslé%e&omﬁarhsntbﬁpsﬁemmwbddmmgWPaﬁkmﬁ@bﬁmé1@1@@&@@ cognitive

i mpai rment  ang, gepRnid Reits JR36IESRINS ol §R3PEenCiREMisA Ve | npai rment  of

mul tiple scler05|s cognitive I npalrnment caused by traumatic 35brain
injury, dementN&¥nRAsees ! YEMBMyeneral medical conditions, anxiety

di sorders, includi mgoiunt, muohotlabgamtelql th@smmmedr@@deenmrtmut agor aphobi a,

pani ¢ di sqrder mnth hobi a W t tory of panic

di sorder, %§peém?mgmﬁ%%8{Egc?%@ﬁ%?%%ﬁ%%genco N3 "E@ﬁ%ﬂWS|ve di sorder,
post-tr aunat | ¢pirmesssitichlly acabptablezalis'defet to@or-takicswitelefrthe gamprauadls zed anxi et y
di sorder and gg iﬁk%ﬁ&g anxi ety disorder due to a general nedica
condition, nood disorders, including but not limted to najor depressive
di sorder, dysthym c 5di sorder, bipolar depression, bipolar mania, bipolar I
disorder, depression associ ated with mgni c, depressive or m xed episodes,
bi polar |l disorder, cyclothym c disorder, and nood di sorders due to
general nedical conditions, sleep disorders, including but not limted to
dyssommi a di sorders, prinmary insomia, primary hypersomia, narcol epsy,
parasomi a di sorders, nlghtnare 10 dlsorder sleep terror dlsorder and

e e e [



performance may be assessed with a validated cognitive scale, such as, for
25exanpl e, the cognitive subscale of the Al zheiner's D sease Assessnent
Scal e (ADMB-200¢)71758ne neasure of the effectiveness of treTasa@OOssE36 of t he
present invention in inproving cognition may include neasuring a patient's
degree of change according to such a scale. Regarding conpul sions and

addi ctive behaviors, the conpounds of 30the present invention nmay be used
as a therapy for nExaorlesef seitbleinharnasaetioalyt acsemiable patsiintydewar d di sor ders,
such as subst ?&%n@%ﬁ@%dbiﬂ&d éﬁ]‘t'b@chﬁés%hmﬁhcaaﬁﬂﬁia;é,isallfate,idhb'splita)te, and g
prescription drug addiction, eatjn i sorders, .includi obesity, an
behavi or al adan¢piraiRsorodnic#Fi4a d&é’ﬁ%ﬁ?ﬁ‘lﬁ’?r‘ iig a‘b‘#ﬂg’rgaﬁcﬁjﬁr%}g’r behavi or al

mani f est at i ongropfona@éuetingts, lad&Ehgycalats/ enatate) dartrate itraie) dnaléater der s ar e

di scussed |in turther tail.. for anpl i.n .t L. sychiatric
Associ at i oh: fﬂ%ﬂﬁs’?% anggyfogats P-E%fqe@%u?%%ﬁ,aa]ng%s %ﬁ%%ﬁﬁﬂﬁgﬁr ders, Fourth
Edi ti on, Text aRaiiamirescidsisihbngépartateB6d glutamete; @bkali Petat saltatsuéhrcasAssoci at i on,

2000. Thi s Manual al so be refe f bl t he

synpt ons and af’%ﬂﬂg@h’b ‘?ogaftsmness?ita@{saﬁg? éf%tehdﬂ é&a%ﬁgéﬁétagﬁi%h%%@ abuse, and
dependence. Psaif avdadalcjum sditeammeaitimesatt; coganisresisseitoRICoBS di seases, di sorders
and 5condi ti ojg, QEEIHiSe Wi iRtk Iaﬁﬂ@ﬁﬁ,‘@ﬁ%ﬁe a4V pesimeshle ef fects, including,

for exanple, significant Tncreases In d pressure and heart rate,

si gni fi cand neigutioheaylaminesals apg diN'tdikengdeifyienepiamingsaliandsplityith and

si gni ficant ehbgehsindRen sakPhtlahe SBtSHY ArginnesrOTRO vadIAfbelife present

i nvention, when enployed in effective 10anounts, are believed to nodul ate
the activity éPm?ﬁéseéﬁ‘E@rat&ﬁ@Y gihan@b soVA#R ai ni ng NNRs wi t hout appr eci abl e
interaction wit 8efdigl SYnkReticMétheddt ypes that characterize the human
ganglia, as denonstrated bg a lack of the abili t% to el i.citht ni cotinic
function in adrenalNEFRTRALPFS of the IETRO NYFNQR SeLOSRCRAIEAY'E "% ur t her

denonst rated Ryuging 8C&mefho-plotcRui[3. il i heptgl-diddabicycleinamelymhe ifwhict i on in cel |

15preparati ons _expressi ng _nuscl e- e _nicotinic | 2010r.S;; us, these
conpounds ar e B8 Pf)th?/g’l’f’ %’g‘ﬂgﬁ{”&t'o&?%&é‘ﬁﬁ I &%r?é pr (%%gﬁ\{él bg(gf%g? bl-eas es,
di sorders and dedvatizatioongithvd suitelly aetivated tanhgxyic geid.fahtosaiermateder ef f ect s

associ ated actj vi. . L& Qnij nd neuronuscul ar sites. Thus,
adm ni strati oﬁsog¢ér%ﬁegéeé'g%g'gGérl%gh‘l(ésﬁbeI ieved to provide a therapeutic w ndow

in which treatnment of certain 20di seases, disordeps and conditions is
provi ded, and certain side effects are avongg.CTﬁaIRis, an effective dose
of the compound is beH-eved—suffietepnt provi de the desired effects upon
t he di sease, disorder B8or conditi o pat is believed insufficient, nanmely is
not at a hi gh enough ¢\ Ql{ggpopr I e undesirab[ﬁ\,'de effects. 25Thus,
the present inventid ovidges t 5€ Of a‘ébw%ouné{of t he present

i nvention, or a phar|neceutical |y dccpptable salt thereof, for use in

t her apy, such as a therapy descri bed aggze. oln yet another aspect
the present inventi ol provides tne use a—eenpgdﬁg of the present

i nvention, or- a pharmaceutically acceptable salt 30thereof, in the

manuf acture of a medi canment for use in the treatnment of a CNS di sorder,
such as a disorder, disease or condition described hereinabove.

| nfl ammat i28n  The nervous system pPFRRMS Ty through the vagus nerve, is

knﬁWB to 35hregu: Meﬂwoﬂ@?rﬂﬁ@gﬁéddﬁﬂ@n@fsévb%l hﬂﬂ@«b@téctmf wiuiabie;&m( n)se bK
inhibiting the rel ease of macro e tunor, necrosis.fa r (TNF). This
physi ol ogi cal "Y%“g‘rﬁﬁi?@r’fﬁ?dsmfﬁ?ﬂﬁﬁe {gg c?rﬁgoung%Sftﬁﬁgrrea?rg mé’%%tl%p i nfl amat ory

pat hvay" ( see,(spesificaliyxamypoendsTr arwied; Schéfhe 1) ané Hiaciosedan WRef | ex, " Nat ure 420:
8539 (2002)) 206¥85%0 {erhR eg%aofd%rggw HIPnCBSAR RSy bAGLPT Synt hesi s

I
cause norbi dity and even nor't AL variety I Sseases. These di seases
i nclude, Bt avethelistteaghiviopledhese skiled bt 1R afchorapmeemitesisdvilhr t hriti s,

osteoart hriti secdypRé s bber RS ABno-plohicasidzapiemies (sicliagpat hi ¢ pul nonary
i i ory conditions

fibrosis, and infla to bowe i sease | nfl a

that can be tr@%@ﬁ’%%ﬁ%@%&@aa S ARFR R R PP A8 unds descri bed
her ei n | ncl udepres’@ntin_warﬁonn(sbe,lfbrmxamdletT),chaneeme anddin 6. BlcWugs, i nf | am*rati on,
psoriasts, e”%&@éﬁi@‘ﬁgﬁ&%b qa@ﬁ%thégg%@%%ﬂwohn Y & SINevRIr thritis,

- T
arthritis, rheunato thrit teoarthritis,

13



allograft rejection, chronic transplant rejection, asthm, atherosclerosis,
nononucl ear - phagocyt e dependent lung injury, idiopathic pulnonary fibrosis,
at opi ¢ dewgmbitta7s758chr oni ¢ obstructi ve pul nonary di seas@CTA$20H/06883@i r at ory
di stress syndrone, acute chest syndrome in sickle cell disease,

i nflammat ory 15bowel disease, irritable bowel syndronme, Crohn's disease,

ul cers, ulcerative colitis, acute cholangitis, aphthous stomatitis,
cachexi a, poudhik(839).gl onerul onephritis, |upus nephritis, thronbosis, and

graft vs. host feaehé%anéafnh&rﬁg%ﬁmeéﬁﬂe Bt iINFROGH iBteebupleth Bacteri al
and/or Viral Infection %ctega(:t eri al n

viral jnfections are
" associ at ed wi SHtablegronery-grotestesioht-giagahicygln b&{]?%ar‘ﬁdY'ﬁtﬁftsl ﬁ?P%f t oxi ns, and
the body's nafurcfnalifERamsRyIit acit/¥elldwedibgrémowal ofing potatisy goughe t oxi ns. As

di scussed gbove, onse to infect t i nvol ves generating
a significant Aa"i’fﬂ‘il}‘ﬂ”eg/foq %O)&'ﬁ%lg%ws %Fﬁ%’?‘méiﬁﬁ ?\?aégaé Tﬁ@e over - expr essi on of
t hese cyt oki nesndeagation ®fiart ahine anhdja cdrboafic acicjtaiprpduceuantandide,sept i ¢ shock

(when the bacteria is sepsis), .endotoxi . is, viral

pneunoni tis a&?@'ﬁa@\&reSU'ﬁg%?u%fﬁarsg%tg% AC?Va%nSgé@r{t%?’?}ﬁlgé&E\gr ession is

medi at ed by NWRgclolexgdcarbodiibide (BRIChI (bardotigzakdm ni st eri ng agoni sts or parti al
agoni sts of t erein that are
agoni sts or pg%%ﬁtr &gﬁ%h '”°)§F&?ﬁ%@@%§@g§89ﬁggﬂgt eﬁrs)efore be used to
m ni mi ze tRe i(enzetrazol- MXY)el@prmi@@OB‘%BW"&E‘@@'WT@WOBM%r| al infection,

as well as viralg dof(bléi%i'naid’ﬁ%ll\! QREN-FX&FRhethyRhe)SHplunPact er i al
i nfections |ncI ude ant hr ax sm and sepsj Mguﬂe of these conpounds
d

may al so have hgrafiupiophesphaie (W%'Br%(téeé‘zo"fl’??é’é' YR s can al so be used as
adj unct ther awrdmtwmlmhe@ﬂumﬁmsm@témm@)td)lweanpotﬂazot-ow)mnage bacteri al ,

viral and fun I nf ect S,. sych _.as i iCS al s and
anti fungal s. %‘f‘ '\fa tie{g%m%t ur8p|glglf%téaflﬂgr8 tg?tﬁ%) P gy’% 3 produced by the
i nf ect i ous5ageithethyaminagrbmiycarbediibide) (EDE xwitts1-hydrpgbenzohiacelgh t he body

wi t hout gener i nf.] anmat tgtoxins are
di scl osed, ?Héggngﬂera?twa]ﬂge@igggétaeenvt\'élﬁ@%gt%tﬁé?en%@g? rithe u%@lﬂe{t etal. O her
agents effect |e\analg,aaeﬂg‘tlsotmtheﬁmalP%@h@ﬁsopmé@-gi dycademic EresBeSasf f ect i ve and
their therapetﬁégc[? g can be conpl enmented by co-adm nistration with the
conpounds describe Aere 5Pai n The conpounds can be adm ni stered
to treat and/or pr é{ﬁ%fﬁ@tlvsb(l Fnidesefithepragenh thmendion RUPHP'EBFTEI bY nf | ammat ory,

neur opat hixg a'?;@u&'ﬂ{;@%&m%t@cte&r@@zé% ?@@Wﬁl‘i‘ﬁ sGitiblydendis@izédadiPnj unction w th
Oplates to mnimze hood o

%te addj cti on Sg) , hor phi ne
sparing ther arﬂ?bo”dql’i‘@ Cﬁﬁ%ﬂyd’éﬁ"é"agl?tqomm%' lﬁ’oiﬁ‘@éﬂhﬁii[ﬂ?a@ ¥scribed herein
can be demnstcba&eeﬁon dsftrﬁ@ﬁﬁtblayancmészeafcembx;inaémmm@crcycmmlde and of
neuropat hi c pain, rfor Pat ent

Appl i cation NJ"@ f@df[ gregfmenipﬁb%?%gro%r{aéq Cisb((xehcgac' M&cﬁ'gﬂn%al

hyper al gesi a idthdr ragentspthietye ciiforierud ogalgdhiondent rat nodel of inflammtory
pain and chani cal, h L Snerve
l'igation %del of rﬁs‘esl'Jr)r{(%"]e ?%g@sésadels&bwgbm%%ﬁﬁg%édf? thélf)t:e%tar]ﬁaﬁ%%t i's

sui tabl e for tof e&bam@e@amfhur@as ofdhre raseng ieMertios. Bnefyma@tpaﬁmtes ¢ftheparticul ar in

treating infl ?F%%Bﬂﬁyengaﬂ\ Santir &R AdoBgin YQ%@blgetﬁlcﬁmna'ﬂfédréﬂ@ﬁt hic pain
and associ ate peral gesi a, chronic E"d; n

gw evere ghr oni‘c pain,
post - operati ve aﬁér W@Fﬁﬂowl 05(%%’6@?‘33}‘[" it tHe aNRIOECledid ti ons i ncl udi ng
cancer, angi n@nazésueﬁilo[@n 1{pieptané, Yolloakd By remsltdfum;promcm@ggawsne and gout).

| nf | ammat 8 of di r s and

r heunat oi ¢~di gﬁ'ggaém%/%ﬁ(?blg "ﬁogv:ﬁf?rggﬁt%gg\eﬁ;%% 'CY 7 ggqﬂg%P %B%t %’:‘ éé pai n

i ncl udes tri gewupled wtﬂnahetapletfurmthwz@ alkyk, argle or betatodiyeisoeyaodieas di abetic
Such ae. by aghi' Sl ERY FutR: o Ry R s A PGSR Gl Y Ton To
treati ng CNS divedifers, inflammation, and neovascul arization, and pain, the

conpounds Of the pmg&ﬂmeédbv&i&édﬂytﬁ@ééslﬂme@hﬁﬁeaw%llis@dﬂb@‘téﬁﬂt or treat
cert ai n ot o diti ajf, eases NNRs play a

ol e. T e8Pl e RSPk EREERS SIS 8 SR cer s

associ at ed Wi tehidmymabhrqtmtwrédiem@eqtlonatehetq @ewstiotedarepce with théecti on (e.g., as
occurs in AlD t FHTP:{ penphitis,
urinary i nconﬁoHéln?%gcg{)/@r%%Pl ?ﬁ‘/g«%ggte& | arr%a@wﬂgﬁgf% E)rbellt{]?on retinal

di seases, infectious diseases, nyasthenia, Eaton- 35Lanbert syndrone,
hypertensi on, preeclanpsia, osteoporosis, vasoconstriction, vasodilatation,
cardiac arrhythm as, type | diabetes, type Il diabetes, bulima, anorexia
and sexual dysfunction, as well as those



i ndi cations set forth in published PCT application WD 98/25619. The
conpounds of this invention can also be adm nistered to treat convul sions
such as twogeilttiatssare synptomati c of epil epsy, and to PCeaiS2@0/068886 ONS
such as syphillis and Creutzfel d-Jakob di sease. Lastly, the conpounds of
this 5 invention nmay be used to treat a variety of dernmatol ogical

di sorders, including but not limted to psoriasis, dermatitis, acne,

pust ul osi s, viattilfoag@mpmedes hieM Gkeen andafgrﬁ)sl\ﬂlwulgsa@tecﬁ\?ﬁe@@@ﬁﬁ)'ﬁunds can be
used 1n di agneghlf SARRAR! 41 Ldifon, §%ﬁﬂNﬁ’e’§:8ﬁé&Qeﬁew%Fkt(H%ﬂ )ar |y when they are

nodified to inc propriate robes can be used, for
exanpl e, to deter nﬂﬁéﬂ”tmélpp'@lc'étqd\bé tmﬁﬁépeddﬁélﬁﬂmf‘ﬁﬁ’%ﬁqubweof specific

receptors, pag Pés%&ls%éém/cah&ﬁr%%%eaw r%ﬁuré@fﬁ!b@ﬁtaéﬁ?é SrifGeMeor subt ypes.
For this purpose the mpounds _of the IiPres |nve t| on nost preferably are

| abel ed wi Ph &Omaﬂif@aeﬂh@@@sg@ﬂfwr’@”ﬁ”ﬂ q #¥pid stgEcaly g 1231 or
1251. 15The ad,naéy"gmge@dblﬁﬂmsﬁ@unds can be det ected using known det ectl on

nmet hods appropri at for the |abel used. EX met hods

i ncl ude position e 5h ‘f'B rg?fﬁygaf‘ﬁﬁ?tﬁgﬁ W aﬁﬁrleggtte %%ttt)hr??eem ssi on
conput ed tormgmep’nmm(léﬁ’ééﬂ's)of p?rdUecmgtdbmﬂxabeé. of thepreséry edentivovas are useful in
PET (e.g., 11C ,18F or GBr wth

hal f-1ives of "S08pBFE"SE" Oéuc 5%31%% %s’le%p?f\%%ugbr{n@ﬁht?grg for 18F,
about 13 HOur sabield Mmakadlaﬂmomuoplleteh@uar@usmseswpeexanmlmu gh specific
activity is deg) (g oFéD”&' SHad. I'aﬁ%ﬁ Qfﬁd %ﬁllof‘o%rﬁlqter Srcl%é’ﬁa@b&m ypes at

non-sat urati ng contentrations e adm ni stered dosés typically are bel ow
the toxic rangemapuhdprssitiiemeng N-rigReteddO-diarabieclolIrhdineddppunds are
expected to b‘?olffe@Q@Qy %n@val%?@%r@!eéﬁrfg%fré@@ aks @e&ﬁﬂe& SD0vE WilEptedie

Determ nation of dose is carried out manner known to . one skilled in
the art of radimeeend %%@?F{@US@@@OS'WFG'B%{% fognogrgrty- IBkRWESR No. 5, 969, 144

to London 4gt a'couﬂﬁh%oﬁ@*ﬂlwﬁéﬂawd@ﬁj aldaﬂomrrﬁétercﬁﬁhddﬁarﬂga Withawn t echni ques.

Socompounds o e HaiA NPT prisrapi Ly | DRRBRIBE BB that

i ncor por at e otré@sval 6fging @rddettisg gmupﬁﬁamstdrheﬂebbwmﬁpmﬂucm edients that are
useful in fornulati nost i 0 [ seful in

accor dance w ﬁ?t%"éﬁaﬂ‘gmﬂ‘ép Wpﬁenoc?ugts@gl?c’%|u%%gﬁ?ce§gomn§§{agipgf erably are

enpl oyed in fcnmemoommlaiughspuas aryalteSB\eve toergpeligicempound. 5, 853,696 to El mal ch
etal . 35AfLher sHUHsni stered to a subject (e.g., a human
subj ect), 21tbhe 2 :@ggﬁé%%gpgﬁat&co ound within the subject can be i mged
and quantified by Aﬁ‘pﬁt@bﬂtllsawfés'b@d%ﬁ@@kﬂe?rih‘?C@F@é‘l‘”dt‘ﬁtherfd?%te t he presence,

quantity, and wWéHfHdlﬁ’ﬂ%'fbﬁwyof%fbuﬂ@icﬁ@é @@MR.tsyﬂbﬁéﬂeato éd‘mua&di theon to
humans, the conpounds can al so be adm nistered to %P'P ch as mce,
i

rats, dogs, arfdmReWIEY e fepretp phagnaseyica ﬂ‘?@'t'%‘f’f Sout using any
appr Opri at e t epbaksEteths PEbsapReAtiorsinclHs pVaﬂrﬂaEéuﬁgale:o&tpoaﬁons In: Arneric et
al. 5 (Ed Neuronal Nicotinic Rec Phar pac Ther apeutic
Oppor t uni ?ISGS CORRBSIBEY O B C%{‘P]%‘)“Pﬁ%’fgﬁé{{“éﬁr "I\CI{Z‘El p§ @ﬁg” Yo El malch et
al ., each her etcoeptarh@@tatrmbdﬁynd exieeurremmepha‘rmacajtlchllsebmtab{e of

e TV ol AR SR s o
a6- cont ai ni ng)pr@més i@f@pw@@raﬂoekm Phetrmﬁ@y'F'?aéPW@Sﬁ'@ﬁl@blé@Dfl c binding to
ot her nicoti nig drféec‘frgio?e é&%ﬂﬁ@of%bﬁd@ﬁéﬁdﬁcﬁpgarma'b&ﬁl%éilyr ecept or

subt ypes SOCIate conmpounds can be
used as ag@nt saCP‘EFFa%?ﬁ'tﬁ\tﬂfé‘?%é"th H%Fg?fﬂ'@ gPh“’r‘f}'@Bﬁ'ﬁ?'E’ a&ﬁ%ﬂttfi‘rhﬁeer gi c receptor
subt ypes W t hicarriehe dinedis cobxdpieudj ect, particularly within 15the brain for

di agnosi s associ at ¢fle Wehforh AL ﬁ%%o&gom%ffliefﬁgs%ﬂﬁn@amorwssor der s.
I n one aspect, the gnosti c comnposi I'n a method to
di agnose di seaesimmmered Qerby%!:tThestvoa@d of theprasend imverdian is preferart hod i nvol ves

admi ni stering éd%.ﬁ.élé\fedeaamy eﬁﬁefe@fee%h&ﬁiae&hwanlce%b%ngmp;und as 20descri bed
herein, and detectin i ndi ng o sel ected NNR subtypes

ound t
(e.qg., adlP Aegynistr @1@ngg%ﬁaHIpﬁgce}péglgﬁtcapleg%z&r $9utioR, 388 skilled in the
art of usi ng diugesmedhs.CTReqMasmaceuidal (aﬁnﬂBEiTorm’uittﬁHEéEEnt ib@gntiors may he
radi ol abel ed co i ety of
condi tions angx':'(rlgP (Ss)\}(gdf.é 2? %%8'?%dc¢%%§?%§532‘8§?ﬁ'53 U&%qﬁ%cfgle%egtgpé@gsom at ed
wi t h 25dysfunction of the central and autonom c nervous systens. Such
di sorders include a wide variety of CNg diseases and disorders, including
Al zhei mer' s di sease, Parkinson's disease, and schi zophrenia. These and
ot her representative di seases and di sorders that can be eval uated incl ude
those that are set forth in U S. Patent No. 5,952,339 to Bencherif etal.
30l n anot her aspect, the d| agnostl C corrp05|t| ons can be used |n a rret hod to

e -



that conmpound to selected nicotinic receptor subtypes nanely, the a4132
35and/ or a6-containing receptor subtypes. Receptor Binding The
conmpoundswof20tii7s7s8nvent i on can be used as reference |i gamas2610/08883€i ng
assays for conpounds which bind to NNR subtypes, particularly the and/or
a6-contai ning receptor subtypes. For this purpose the conpounds of this
invention are preferably | abeled with a radi oactive isotopic noiety such as
53F1, or 14C. cEseMgfperulalionsuch bi ndi ng assays are described in detail

bel ow. V. Syntheti ¢n&ymimb&stiéal 8sRpRitibns Gan also be administered via

3- benzyl- 3, 6-di azabi cycl o[ 3. 1. 1] heptane (1)

3-benzyl- 3, 6- dil%f‘é'a'blnéy’élyo'[‘@a‘@”ﬁl]%b‘ﬁ’aﬁ‘és‘(“f?f'yv%gc'ﬁ?’@ﬁa?'éd according to the
procedur e of W@aﬁ@r@&e&@ﬁ‘i’r@r&aﬁ&laﬁ’y M@theB4llyddnd |ﬂi€HEéE@6¥Uv6ntﬂcularly

6-(tert- bu% car bon %’ ng |azab| cl 3\%" (ﬂ tang 1%%%;,

6- (t ert - buPoxUEVERAYS pYmA a’éﬂ"d%ﬁﬁf o of jriigfiory nevi was prepar ed
accordi ng to ftcheieprfoasidttion aféwéiﬂnaﬁ)ﬂﬁitﬂnﬂébélﬁzkmmtﬁb amand atludd 5%xanpl e 3:
3-benzyl-6-(trjfl uoronet hyI ar bon icycl o[ 3. 1. 1] hept ane (3)
15To a sol ut i SF¥EFe §OHK %eén?ifé'égfgﬁ?%%'?d‘f sa?”i] heptane (1) (7.5 g, 39.8
mol ), net hanol (3tD|ﬁlefmhmulatwndntaylaksblbyladlmnnm@recﬁusmg other nleadpsdgr, 47.8 mmol ) at
0 C was added Vi nmmol ). The
sol ution was S%gﬁ&ég&@%‘&ﬁ;ﬂd sqraﬁa{] I’-dor]gglg 'éd]rgéjz?f[]ﬂrforzlr%mgl %ﬂ}'ﬂéyaélgl?vent was
renoved uri@er svdcvapdﬂtteﬂ@oaned@”\km\w foithaserogekilbif thesatd Wgshed 20 with

met hyl ene chl gPanggundg@sn aQA yeegﬁ weérédemmﬂaum Y A&HAPRN e ¥rmi esi due

purified by c r omat y usi ng a 0-100% et hyl acetate in hexanes
gradi ent. The chpprespsdl é?FéCQW e?é'?'? %ﬁaﬁ“ﬁ@”éordbltr?%?dédna'%oﬂcﬁds Us$ihd evapor at ed

Eg)gl( \7/603 beg?%;ﬂanﬁde(rﬁqé|lﬂakdnq1roomtnwé @%aﬁ@tééhno?og@ﬂwtmmnwaém[B 1. 1] hept ane
521t er - but onPalbBe T Nealie A PR8ICHRATHOTE B BOMRPLjicstig or by

g' gzabl ciygbt()[%pgolanh@mg@mealr(rdr)and\sas@ﬁgatpnom of N qh (3

- benzy triflu car pon ap|, ¢ ept ane

(8.3 g, 29.2 rrrml)?lr‘ee{m %% ﬁ%eva ”P%%F?x‘l"&'%ﬁ%l (rg\’aﬁeée“ta 4 g, 29.2
nmol ) and 100/ormhisad1e|muddordmgahmrp¢|&1 thraygh 30d @Bhid thermoke. Tihe tetmPar r  r eact or
was shaken at h i on was

cool ed, fil tertgl% %ﬁg’ 5{1agﬁg%ﬂn%g%%%gﬁsg%&?wwIforéﬁesgntwgg &Bé%rret hanol . The
sol vent was ewhpoptipndrougiotbe buesalinedipg swsigheelsdigsueh&he @i ni ng resi due
washed w b méJBan%@?déﬁVér?rmé’eﬁus%leﬂreﬁﬁéf‘ﬂ{eaécﬁ&b iHdePihe Rrglié de sol uti on.

The organic | ayer was passed t hrough hase separator and purified by
col urm chr omatcoYecdipely t@sa@r%@awwsa'@"mm "R¢$- acetate in hexanes

gradi ent. The appr gmgs@hlebé é@é@tue@m&ou@frﬂu@o@als@ﬁ&@@sucﬁ@@ﬂio@@lm and
evapor at ed to give tert- tgé)g/%gr bon

(trifluoronet '??é?b‘@ SPEP a@ Tﬁ"&/él%ﬂ ge“_’ieri]"ﬁé'ﬂlfcﬁﬁ@ SHA3°eEg. 5 g, 99%
yield). Exarrplcen be efficiehteetalsy trayyaR trosiaiym Sorbeuth afztaé)emgrerhﬁs[ 3. 1. 1] hept ane

(5) A solution of  3- but oxycar bonyl i hyI car bonyl) - 3, 6-
5di azabi c?%l o["?q bﬂr%ég)t %ﬁ%rpé%‘) C(‘?% riéglugdsr%[r%d esa pt)?asm um car bonat e
(30.7 g, 2 eq.tyricallBrighioblpod suppbt walnlmbar(ms@lym@ysm@rmetdm@allwo C for 3 h.
The sol ution : vent was renoved
i n vacuo. The\o@%g%%&fs rﬁfg@%?&&ﬁi@o o tp:d%\sehéwgclﬁqggf)ﬂ%hon of met hyl ene
chl ori de: et hanol 5%’9?@tf‘@Pé@fﬂ?ﬁ)ﬁ@?%p@nﬁ?ﬁﬂwgsbiﬂ%ﬁ?BﬁtPB*EﬁﬁyI) 3, 6-

égdl alzabl6 cycl %if&;t(liry Hda@sm ﬁh@l@dlﬁéby {ré. oﬁaﬁoryﬁaaws el the s%l%p@fhglfélls whi t (eG)soIAI d.
a e ClO on ne
sol HF i on 8’10 6- (‘53%‘9183% m%%(}%ds@toéﬁ%l %%IQ‘%PB&H WEB?ane (2)

(2.50 g, 12. 6dmgs|tl)rpugmnéo¢na0mamaaertdewbe mapmim d (1.2 nm, 1 2 eq, 15 mmol),
trlethylamne(35 et Mol gfelat ) and 0-
benzotri azol - 'k %h% ur o%tl}ad'f)nﬁlhogélar% uort(())EI %S(&&% g, 2 eq, 25
mmol ) was sti rgﬁwala/tradﬁbpwep@h@é@*awméarfs(ypplthihe w@Qﬁeaa dh%mrmm um

chloride (50 rna(ov\@gtrﬁd%emam ﬂ’@ﬂ@ebi@&%lé @&cﬁ"dﬁ&b%ﬁsd&ﬁgeydm%ﬁ)t to stir for 30
m n. Theglxture was ?/éa%ﬁ’gﬁ rou% Bg xtractor (lsolute from

Bi ot age) &nd tpﬁ%"d&aﬁm |8 Pt 5EN TN E S'”% oS ife mixture was

di ssolved in %temhepétncrmtmwoermedohrheduatelelestfﬁctndri hyarastric etidor patial (5 nl) was
added and the e solvent was renoved in
vacuo and thef'FS?gg%glu%g\%a@?; Rs",sa(n) taép%’hc r}?@ﬁ%ohs}hl 1 net hyl ene

chl ori de: met hanol and passed through a SCX-2 colum (Biotage) (eluting with
3 mL 1:1 nmethylene chloride: nethanol, ;tzhen 7N 25met hanol i ¢ ammoni a). The
crude product was purified on a silica gel colum eluting wwth a chloroform
to 90:9:1 Chloroform net hanol : ammoni um hydr oxi de gradi ent over 12 col um
vol unes. Appropriate fractions were collected and solvent was renoved in
vacuo to yi el d 3 (cycl opropyl car bonyl) 3, 6- d| azab| cyclo[3.1. 1] heptane (6)

—— ~NSA 7 o s ~Ar—-.



To a solution of 6-(tert-butoxycarbonyl)-3, 6-di azabi cycl o[ 3. 1. 1] hept ane (2)
(50 ng, 0.25 mmol) in 5 nL of nethylene chloride was added triethyl am ne
(67 A 0. Oomul)71mad t he sol ution was cooled to 0 C. Prepylusehbossstor mat e
(31 p, L, 27.5 mol) was added and the solution was stirred for 35 | h. The
sol vent was renoved in vacuo and the residue was washed with 50 nM sodi um
acetate in nethylene chloride solution. The solution was stirred 10 mn
and passed t hr oughDg:gspicallsrass e bae praferged ekResyEe taas ofabmyeedl i n vacuo to

gi ve crude 3- @Qﬁéﬁé@&mﬁi@@rﬂwmga@fséﬂp%ﬁm%@é@xﬁﬁéﬁfr@ﬂf&\éﬂﬁg—&u@dehvew
di azabi cycl o[ 3. t ane. fge‘gcru e mxture was di ssolved in 3 nL of

he
met hyl ene chl dﬂci"’é‘élta which Gah afeekeqniack fimey gnd diHg)ioRiEion dfeY and t he reaction

was stirred f@bséf?ﬂbn |§r§@1eﬁélli/yﬁé@terﬁ6rﬁtlﬁ@tmwﬁ®rbﬂél Ma@dsatraahﬁfbﬂnﬁeand t he
resi due wa dISSO

ride: neth nd passed
hrough & SxGOs PN S JeT e At TR T S SHEe SNt R e
chl ori de: met hainglwhichloten rsuitsein landrlg buoamnmilityi)LowTIhemy udeome\mwnct was
purified on a I ﬁ‘?r{’)colu E]a}OeI vvlth Qnochlo ofor to 90:9:1
Chl or of or m mefh¥ %h}'ui{ Cﬁrﬂeﬁg 89(? e P 853 % fractions were
col | ect ed andirecdase tite flwa of dregetiesdgi ﬂnevrwmsa t o yield
gl gg: oglorycar bonyl ne%h?r oqgﬁqﬁtpalnggrﬁ PL[JL?bcé r&dt@?m@%séraon(éa% by 26% as a
3- (met hoxyiet hdglymcn@rq}qr)gea % udiake by by simsfsBasiraniflae fftea irdray S8} To a
solution of 6 t@%&é el tane (2 50
ng, 0.25 mmol ;o(;lh?(m% e%m?%rgr%?h e%]%e %ﬁ% ﬁ%&g@lg%%ge ﬂcrhlldé(?ﬁsl am nt(a %6(7
[11..., 0.5 naep ymupmugldpwﬁp@hpwge 8 srrlicensebof@cion. Met hoxyet hyl
chl or of or mat e ( 32 e @t?ar@smc};aw\@rﬁi @@ﬁ@@al@ﬂ@e&g 5@1 B‘@dré\‘bhéﬂ"fo?@sé’\’as stirred

for I h. The solvent was re i due was washed wi th 50
mM sodi um aceﬂ'htfeé‘t'P%pﬂf@[’ﬁwh@ﬁ‘@"%ﬂ'ﬁﬁi"fyd%s‘ﬁ%ﬂoﬂ’t"igd?\b'etﬁ'ﬁ@p SuPi on was stirred
10 mn and5pa$>ﬁ@dorbmdnd@glarmowwmehmm@aéMommesé@.hteemal was renoved in
vacuo to gi ve c{f? 3- (et hoxyet hoxycar bonyl) - 6-

(tert-butoxycd T) 3, 6-di azabi cycl o[ 3. 1. 1] hept ane. 25The crude m xture
was di ssol ved i n 3Phdrmateutied! loyinpositiood hay bd armiilated|ivamittdosefarm, eci d (3 nl)
was added and stirred for 2 h. The solvent was renoved in
vacuo at 40 Cﬁrﬁ@ltné%@%dbﬁﬁﬁ’a&%ﬁ%s di ssolved in 1:1 nethyl ene

chl ori de: net hanol ahelaqseigisteation bf thagharmag@iticad compositiong Bessribere) (el uting with
2 m 1:1 th b e JNE nia). The
crude proggct}ﬁ\%v%{shecaﬁ:%:e?’ﬁérﬂﬂt toPQ{‘%radJah%PntVn’h' ?j@m%:ﬂ%?gﬂn oﬁ%&t a chloroform
to 90:9:1 Chl &atef Hnemfraévmma* earRsitions m@db@&drmélsgreeﬂdpémarmmpr opriate
fractions wer g 6gd &ﬁ%@ldfora&@mﬁﬁé ‘é%mrﬁ‘@r%uérﬁé‘éfé’r%uée“raY%PPab%@ yield

3- (et hoxyet hoxycar bony1)-3 di'azabi cycl o[ 3. 1. 1] hept'ané (8) (15 ng, 27%
as a clear oi [MoG.3, GpW, CBF&”B@’ Byt adyaniageeusiyiz adpinistered rphuidter i zat i on of
interactions @bmg\h FQddmibe, trf&tﬁﬁyb |ah@@1e'ﬂ©ﬁfb§i&f’uﬁ1e@©br| ddyitii® the SH EP1/ human
a4132 (Eagg 003&, n a484 (Gentry et 5al., 2003),

SH- EP1/ 26838484 a"(@?‘ﬁ'&%%‘,’ b%%'t'oaws ad%'ﬁ ed GARY9Y/ RD and SH SY5Y cell |ines
(obt ai ned from Dr. TIIROd:bnb.pmhac& owa;fre&'ent\lauérmbmmagaé ubeabinh tHeltteatmésit. Joseph' s

Hospital and dica Ariz were malntained in
i ol £ ar ati ve bt YOI SRB0DeIs TPttty a0 S at M Be JRe ™ ot um
(G bco/ BRL) V\ﬁcombimﬁlﬁdﬂmmsae/asﬁvaﬁmthﬁﬂgwlesﬁer)ape@%abemtam%m\m the serum
10(Hyd one, L Qt%etﬁr r’préldﬁwaﬁggftH&eQi{gdr%@é SrvcoflidxﬂMs'—‘rﬂbé“oﬁg‘ ne. For

mai nt enance of stable transfectants 2 and a484 cell nedia was
suppl enentld ®MPRdigentpf FP@/RWSGEHBH”HO%WH'U@PS@B‘E AYrRistratipgobPci n B. Sel ecti on
was mai nt ai nedompdsunuimetha@ké’saht3ﬂ@5tlmhIcsmwméttanvit%trfégfnétap@ﬁnczeoci n, 0.13

/mL of h B, - 0. d 0. nL of
T201 st 1 ci 41 n COPBRPHEERT SioTe Che SR o e BirsN 8oy BoRdet rom U
Pennsyl vani a, ukéd ihngdmbiphticn, witkethes )WNRdigaeds (amheasrva'rentcaiue)eaﬂosstenqor oliferative
wt h ph th 10%
gro phase '%d%o%eﬁgholaﬁsegm%%mgE%@Qh@frée bl‘é@b Mggééﬂﬂ W

fetal bovine ser Logan I um py

Lgl ut ani né? Oaﬂt't}?ﬁveﬁ?;' agentefsueh As p@'?‘"WtMOt'WgﬁnﬁYfﬂﬁgﬁnﬁ (sggn eRecept or

Bi ndi ngt Assaé&?cléﬁsﬁiﬁaefn@bgé)mk?&%mlﬂfﬂé @H@écyfcroOlﬂjl 5rﬂkoéglu$ame<§uchl%£et dc?rA tB Is ces
wer e obt ai ne r.om An ical Bio ces ncorpora e

W | i ngt on, DEfPIAEPI™ %‘f SQGF&%S%‘@HIDF% B PERPe Sprague- Dawl ey
rats, frozen and shi pped on dry ice. Tissues were stored at -20 C until
needed for 25 nenbrane preparation. tices from10 rats were pool ed and
honogeni zed by Pol ytron (Ki nemati ca H Switzerland) in 10 vol unes

(wei ght: vol unme) of ice-cold preparative buffer (KC, 11 mM KH2PO4, 6nv

NaCl 137 mM Na2HPO4 8 MMt HEPES (free acid), 20 mM iodoacetam de, 5 nV
EDTA, 1.5 mM 0 1 n1\/| PNBF pH 7 4) The resul ting honpgenate was centrifuged

o, NN AN NN - o .



20 volunes of ice-cold water. After 60-m nute incubation at 4 C, a new
pell et was collected by centrifugation at 40,000 g for 20 mnutes at 4 C
The fi nalwpebi71is8s resuspended in preparative buffer anu/tstaossssas - 20 C.
On the day of the assay, tissue was thawed, centrifuged at 40,000 g for 20
m nutes and 35then resuspended in PBS (Dul becco's Phosphate Buffered
Saline, Life Technologies, pH 7.4) to a final concentration of 2-3 ny
protein/ nL. Proalgesics, ermsﬂeMSr(amthﬁssJS%m@%ﬂ@f&é«rﬁﬁ?ﬁ@bomgﬂﬁﬁs? he Pierce BOA

Protein Assay Hﬂll}lton(sg gcag d@héHe%FQ{BOda‘Pﬂﬁ'am|@C¥rft|9§ﬂhot|cszucH‘a§ h bovine serum

albunmin as the sta Preparation merbr anes from cl onal cell lines.
Cel | s were hamhaleperisgl, F'ﬁZ@R‘!@ olse%ﬂpwem qu}g}qapyneg, IMTYBe SIRAESEMF zed with a

pol ytron (Bri nkpRng ¢ %Jb%?sf)r‘rl{mtrﬁethmm@}lh&uroﬁ%ﬁectldd@@ﬁ@eﬂ@bls ver e
centrifuged at 40, 00 |l et was resuspended in

0O m nutes e
PBS and pr 8t el(WCB@ﬁé@Fﬂ'CF gqrmgﬂe%é{og}cmtﬁrg@saqcms T‘?%”ﬁﬂ@rs@ée BOA Protein Assay

kit (Pierce Bippddreheanadydrofedehe); titanlins, minkbalanpadeutida@naiti-ndi ng t o
recept ors in nenbr angjgwﬁpar ati ons to_.nlcotl r[;]ecept ors was

assayed on nmedBPERY FSIPRRAIPY flmeﬁ%%ﬂargégcwge C'ft?n%orﬁa Bubl i shed
procedur es ( Lisppiatird, oeraafalkifee anddu@etind) 9&6&jolyDes/ {sesh &t alprbzqlam @8d) . I n bri ef

menbr anes were reconsti.tute 0.2
protein) and ?’HERJB’S?e%”‘F onvu% ﬁlj’sgm&ceéﬁ%yﬁb&@ga{)gp&%%gﬁg é%/rS(PBS) in the
presence dPb cdsyobias prmzogo Apbsidengfi). 0oad stamnzgrsm@hmwva@mterm ol i gand.

[3H - ni cotine é]gé? %Ior‘ aﬁiP&Aer ﬁ’{% (g%ciq]n 'dﬁﬁdprcﬁﬁ%ra'iuv@)/ éﬂFFé&pertE’ &difd n-Elmer Life

Sci ences) was U st udi es. epi bati di ne (52
G/ mol , Per kiagermts (Raich b$ fitenaleli eleriding, aV%EP' Merﬁl?ﬁm'b?'i‘ﬁji’ ﬁ@s%‘ﬁﬁbl es at the

ot her recept Olig y ehbaticats dStrssaabedakysgaambeks20f i | tration on
a mul timani f ol déﬁ?ggsﬁgasgf#é\}ester e% rogﬁ(g\el , Gaith @?g usr?@qj@e): using G-/ B

filters presodkh 3 dicgclanmel anty@iskpeticagents and@rfyicet Hed! nonspeci fic
bi ndi ng. Hisl t%&h\&@fésoﬁﬁ@&‘émb 3stidHeegonasishtibhef pﬂ’ﬁdhéb%ﬁﬁdaw éc)ﬂvé et ai ned was

determned by liquid scintil I ation countin g éi % nal yS| s. Binding
data were exp@@% 8 gnay oe semiistired 99g! e'c%ﬁ??%?te 3] HQ%H@ g¢Feates for each
poi nt were aV%épg@tdlyaéuinlﬁnbtaéttoedwaag:acmstrnmtbmedusig oofequientlly; dnaent r at i on. The
1050 (concentration of ound t hat i bitfon of

( (ﬁ ﬂ?%@ao%ﬂ? (Ig:fgré (for%p ggs oraﬁérﬁg %Scef?\e%?ﬁfve%nl@%o'f

bi ndi ng) was %y I hear regressi on using
G aphPad Pri sradsm‘hsttmﬂorewn(l@eaglh@tmn mt@cmgaye theAjesired thwaseuital cul ated usi ng

Tabular et i i Bl Rt U BR Gl o3 Cehpoditiaflne ikl aTP) B E0% o
ami de coupl i ngnw@nmedthircé@r\iWa@enbwntﬁn%/ he:i8 cembipatigge¥ t he conpounds shown

in Table 1. Rea%ﬂﬁfgtr%h&nébn%@rﬂﬂdnrtly ﬁan@)wuhitarpshgr@@elédwaleaaadss%h to those
skilled in the art. In sonme cases, npounds were characterized by nucl ear

magnet i ¢ r esoniHtNgbatiFgonpRrAds, PrHE) %ﬁﬂ’éﬁ“‘? phasmacayfical §9mpgsiiont cases,
conmpounds Wer @ncidi roa{hbscombarrﬂetarteraadelwhé%n(matmolmm in Tabl e 2)

o i s i SOt 12
3H), 1.50 (d, ig ad:nlﬁls@erddzf;rstlah’t)l tHeJiMBer sé@nd 1S|u¢{II\Rq(MrﬂIGI adrRENIstGOoN 3) : 8 3.82 (m
6H), 2.82 (m rgé_)pbe &bszqn &rm: onlrléonote]in %rQ:e-.( s, 6H) V Conpound A
Another aspect of the present invention includes combination therapy
- comprising administering to the subject a therapeutically or prophylactically
30 effective amount of the compound of the present invention and one or more
other therapy including chemotherapy, radiation therapy, gene therapy, or
immunotherapy.
IV. Methods of Using
The compounds of the present invention can be used for the
35  prevention or treatment of various conditions or disorders for which other
types of nicotinic compounds have been proposed or are shown to be useful
as therapeutics, such as CNS disorders, inflammation, inflammatory response

18



167 1H NMR (400 MHz, CDCI3): 8 3.82 (m 4H), 3.65 (m 2H), 2.62 (m 1H),
1.72 (m 1H), 1.46 (m 1H), 1.00 (m 2H), 0.72 (m 2H) 185 1H NMR (400
MHz, CDCI8D:208/04128 (m 2H), 3.84- 3.62 (m 6H), 2.70 (@CTAKR10D58B56 (m
2H), 1.50 (m 1H), 0.98 (d, 3H) 185 1H NWR (400 MHz, CDCI3): 5 5.00 (m
1H), 3.80- 58 (m 6H), 2.70 (m lH) 1.50 (m 1H), 1.25 (m 6H) o Br 273
1H NVR (400 MHz, .CDCI3$ 67.12 (s, 1H), 6.47 (s, 1H), 4.20-4.12 (m 2H),
3.97-3.78 (m aasqgciaterl vt kesterialiand/ion vig infegtion pgin. diaketespmetabpicnvR (400 Mz,

CDCl 3): 67.48 s@r%rorﬁé')auto@nrﬁ@né&soraéﬂ deﬂnét&o%cﬁ%orﬂd’ﬂoné'@ddlcﬁorﬁdf (m 1H), 1.61
(d, I =09.6 1H) H 185 1H N 376(m
227

0-
8H), 3.36(s, bﬂaSlty?r qther(qﬁorquB dessriged ip H.lgthgwetalllhe@ ( h’n cjorgpognrg , )
1H NVR (400 Mdan akcb6é 83ed &4 difgriostic aljeht in Becaptof iSindidd-Htudids @Rvifgan 2H) 4 02

2011/ 07175BPCAMDISAHEh) BEBERebe AR SRRIBT T W 1) 11 R -
273 example, in references previously listed herein, including Wllllams etal., Drug

News Perspec. 7(4): 205 (1994), Arneric et al., CNS Drug Rev. 1(1): 1-26

(1995), Arneric et al., Exp. Opin. Invest. Drugs 5(1): 79-100 (1996), Yang et

al., Acta Pharmacol. Sin. 30(6): 740-751 (2009), Bencherif et al., J.

10  Pharmacol. Exp. Ther. 279: 1413 (1996), Lippiello et al., J. Pharmacol. Exp.
Ther. 279: 1422 (1996), Damaj et al., J. Pharmacol. Exp. Ther. 291: 390
(1999); Chiari et al., Anesthesiology 91: 1447 (1999), Lavand’homme and
Eisenbach, Anesthesiology 91: 1455 (1999), Holladay et al., J. Med. Chem.
40(28): 4169-94 (1997), Bannon et al., Science 279: 77 (1998), PCT WO

15 94/08992, PCT WO 96/31475, PCT WO 96/40682, and U.S. Patent Nos.
5,583,140 to Bencherif et al., 5,597,919 to Dull et al., 5,604,231 to Smith et al.
and 5,852,041 to Cosford et al.

CNS Disorders
The compounds and their pharmaceutical compositions are useful in

20 the treatment or prevention of a variety of CNS disorders, including
neurodegenerative disorders, neuropsychiatric disorders, neurologic
disorders, and addictions. The compounds and their pharmaceutical
compositions can be used to treat or prevent cognitive deficits and
dysfunctions, age-related and otherwise; attentional disorders and dementias,

25 including those due to infectious agents or metabolic disturbances; to provide
neuroprotection; to treat convulsions and multiple cerebral infarcts; to treat
mood disorders, compulsions and addictive behaviors; to provide analgesia;
to control inflammation, such as mediated by cytokines and nuclear factor
kappa B; to treat inflammatory disorders; to provide pain relief; and to treat

30 infections, as anti-infectious agents for treating bacterial, fungal, and viral
infections. Among the disorders, diseases and conditions that the
compounds and pharmaceutical compositions of the present invention can be -
used to treat or prevent are: age-associated memory impairment (AAMI), mild
cognitive impairment (MCl), age-related cognitive decline (ARCD), pre-senile

35 dementia, early onset Alzheimer’s disease, senile dementia, dementia of the
Alzheimer’s type, Alzheimer's disease, cognitive impairment no dementia
(CIND), Lewy body dementia, HIVV-dementia, AIDS dementia complex,

19



1H NVR (400 MHz, CDCI3): 8 7.10 (s, 1H), 6.45 (s, 1H), 4.22 (m 2H),
3.98-3.78 (m 4H), 2.80 (m 1H), 1.58 (d, J = 9.1 Hz, 1H  os CH, 185 1H
NVR (400 WBzp11@DCIs8) : 8 3.92-3.72 (m 8H), 2.74 (m 1H) PCBABB010S5883¢) ,
2.70-2.62 (m 2H), 1.52(d, J = 9.0 Hz, 1H 0 1<,N H 185 1H NVR (400 Mz,
CD300): 8 4.85 (m 1H), 4.55 (m 2H), 4.40 (m 2H), 4.02 (m 2H), 3.12 (m
1K), 2.52 (m 1H). 1.98 (m 1H, 160 (m 1H), 1.38 (m cH3 183 1H
NVR (400 MHz, vesssipslementia, Qawny gyndropie, headttraugia, tpaymatig beg 'alurylH) 3.85 (d,

11298 (m ) doRor dohOiconaredilts. loc8f isdasclit i @uséﬁgsggb o St

3.48-3.78 (m SHRS C%‘t’fb's‘ih?ﬂ"al ﬂ?"phfraé%cfm'avﬁlﬁf"“% d%gl 'zdl 5%"‘{ m 4H), 1.83 (d,

1H 5 TABLE 2tSiich/ddtidrinypébaividdeddds| dysiexmnschizd@itedth, Rat a4132 Ki (z/w

swoi cH3 517%chizophreniform disorder, schizoaffective disorder, cognitive dysfunction in
schizophrenia, cognitive deficits in schizophrenia, Parkinsonism including
Parkinson’s disease, postencephalitic parkinsonism, parkinsonism-dementia
of Gaum, frontotemporal dementia Parkinson’s Type (FTDP), Pick’s disease,
Niemann-Pick’s Disease, Huntington’s Disease, Huntington’s chorea,

10  dyskinesias, L-dopa induced dyskinesia, tardive dyskinesia, spastic dystonia,
hyperkinesia, progressive supranuclear palsy, progressive supranuclear
paresis, restless leg syndrome, Creutzfeld-Jakob disease, multiple sclerosis,
amyotrophic lateral sclerosis (ALS), motor neuron diseases (MND), multiple
system atrophy (MSA), corticobasal degeneration, Guillain-Barré Syndrome

15  (GBS), and chronic inflammatory demyelinating polyneuropathy (CIDP),
epilepsy, autosomal dominant nocturnal frontal lobe epilepsy, mania, anxiety,
depression, premenstrual dysphoria, panic disorders, bulimia, anorexia,
narcolepsy, excessive daytime sleepiness, bipolar disorders, generalized
anxiety disorder, obsessive compulsive disorder, rage outbursts, conduct

20 disorder, oppositional defiant disorder, Tourette’s syndrome, autism, drug and
alcohol addiction, tobacco addiction, compulsive overeating and sexual
dysfunction.

Cognitive impairments or dysfunctions may be associated with
psychiatric disorders or conditions, such as schizophrenia and other psychotic

25  disorders, including but not limited to psychotic disorder, schizophreniform
disorder, schizoaffective disorder, delusional disorder, brief psychotic
disorder, shared psychotic disorder, and psychotic disorders due to a general
medical conditions, dementias and other cognitive disorders, including but not
limited to mild cognitive impairment, pre-senile dementia, Alzheimer’s

30 disease, senile dementia, dementia of the Alzheimer's type, age-related
memory impairment, Lewy body dementia, vascular dementia, AIDS
dementia complex, dyslexia, Parkinsonism including Parkinson’s disease,
cognitive impairment and dementia of Parkinson's Disease, cognitive
impairment of multiple sclerosis, cognitive impairment caused by traumatic

35 brain injury, dementias due to other general medical conditions, anxiety
disorders, inciuding but not limited to panic disorder without agoraphobia,
panic disorder with agoraphobia, agoraphobia without history of panic

20



141 TABLE 2 STRUCTURE a6133134a5 K1 Human a4(32 Ki

Rat a4r 32 Ki

LCVS

(n z) H3xH, .1 HN.,, 830 220 23 169 H Conpound A 140 3.0 2.3 167

185 CH3 woO011/@858CH 120 201

10

15

20

25

30

35

disorder, specific phobia, social phobia, obsessive-compulsive disorder, post-
traumatic stress disorder, acute stress disorder, generalized anxiety disorder
and generalized anxiety disorder due to a general medical condition, mood
disorders, including but not limited to major depressive disorder, dysthymic
disorder, bipolar depression, bipolar mania, bipolar | disorder, depression
associated with manic, depressive or mixed episodes, bipolar |l disorder,
cyclothymic disorder, and mood disorders due to general medical conditions,
sleep disorders, including but not limited to dyssomnia disorders, primary
insomnia, primary hypersomnia, narcolepsy, parasomnia disorders, nightmare
disorder, sleep terror disorder and sleepwalking disorder, mental retardation,
learning disorders, motor skills disorders, communication disorders, pervasive
developmental disorders, attention-deficit and disruptive behavior disorders,
attention deficit disorder, attention deficit hyperactivity disorder, feeding and
eating disorders of infancy, childhood, or adults, tic disorders, elimination
disorders, substance-related disorders, including but not limited to substance
dependence, substance abuse, substance intoxication, substance withdrawal,
alcohol-related disorders, amphetamine or amphetamine-like-related
disorders, caffeine-related disorders, cannabis-related disorders, cocaine-
related disorders, hallucinogen-related disorders, inhalant-related disorders,
nicotine-related disorders, opioid-related disorders, phencyclidine or
phencyclidine-like-related disorders, and sedative-, hypnotic- or anxiolytic-
related disorders, personality disorders, including but not limited to obsessive-
compulsive personality disorder and impulse-control disorders. Cognitive
performance may be assessed with a validated cognitive scale, such as, for
example, the cognitive subscale of the Alzheimer’s Disease Assessment
Scale (ADAS-cog). One measure of the effectiveness of the compounds of
the present invention in improving cognition may include measuring a
patient’'s degree of change according to such a scale.

Regarding compulsions and addictive behaviors, the compounds of
the present invention may be used as a therapy for nicotine addiction and for
other brain-reward disorders, such as substance abuse including alcohol
addiction, illicit and prescription drug addiction, eating disorders, including
obesity, and behavioral addictions, such as gambling, or other similar
behavioral manifestations of addiction.

The above conditions and disorders are discussed in further detail, for
example, in the American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text Revision, Washington, DC,

21
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5.9 52 189 _ 1800 25 83 273 : 2700 35 80 273 _ 2400 7.9 56 260 TABLE 2
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American Psychiatric Association, 2000. This Manual may also be referred
to for greater detail on the symptoms and diagnostic features associated with
substance use, abuse, and dependence.

Preferably, the treatment or prevention of diseases, disorders and

5  conditions occurs without appreciable adverse side effects, including, for

example, significant increases in blood pressure and heart rate, significant
negative effects upon the gastro-intestinal tract, and significant effects upon
skeletal muscle.

The compounds of the present invention, when employed in effective

10  amounts, are believed to modulate the activity of the o4p2 and/or a6-
containing NNRs without appreciable interaction with the nicotinic subtypes
that characterize the human ganglia, as demonstrated by a lack of the ability
to elicit nicotinic function in adrenal chromaffin tissue, or skeletal muscle,
further demonstrated by a lack of the ability to elicit nicotinic function in cell

15  preparations expressing muscle-type nicotinic receptors. Thus, these
compounds are believed capabie of treating or preventing diseases, disorders
and conditions without eliciting significant side effects associated activity at
ganglionic and neuromuscular sites. Thus, administration of the compounds
is believed to provide a therapeutic window in which treatment of certain

20 diseases, disorders and conditions is provided, and certain side effects are
avoided. That is, an effective dose of the compound is believed sufficient to
provide the desired effects upon the disease, disorder or condition, but is
believed insufficient, namely is not at a high enough level, to provide
undesirable side effects.

25 Thus, the present invention provides the use of a compound of the
present invention, or a pharmaceutically acceptable salt thereof, for use in
therapy, such as a therapy described above.

In yet another aspect the present invention provides the use of a
compound of the present invention, or a pharmaceutically acceptable salt

30 thereof, in the manufacture of a medicament for use in the treatment of a
CNS disorder, such as a disorder, disease or condition described
hereinabove.

Inflammation
The nervous system, primarily through the vagus nerve, is known to

35 regulate the magnitude of the innate immune response by inhibiting the
release of macrophage tumor necrosis factor (TNF). This physiological
mechanism is known as the “cholinergic anti-inflammatory pathway” (see, for
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example, Tracey, “The Inflammatory Reflex,” Nature 420: 853-9 (2002)).
Excessive inflammation and tumor necrosis factor synthesis cause morbidity
and even mdrtality in a variety of diseases. These diseases include, but are
not limited to, endotoxemia, rheumatoid arthritis, osteoarthritis, psoriasis,

5 asthma, atherosclerosis, idiopathic puimonary fibrosis, and inflammatory
bowel disease.

Inflammatory conditions that can be treated or prevented by
administering the compounds described herein include, but are not limited to,
chronic and acute inflammation, psoriasis, endotoxemia, gout, acute

10  pseudogout, acute gouty arthritis, arthritis, rheumatoid arthritis, osteoarthritis,
allograft rejection, chronic transplant rejection, asthma, atherosclerosis,
mononuclear-phagocyte dependent lung injury, idiopathic pulmonary fibrosis,
atopic dermatitis, chronic obstructive pulmonary disease, adult respiratory
distress syndrome, acute chest syndrome in sickle cell disease, inflammatory

15  bowel disease, irritable bowel syndrome, Crohn's disease, ulcers, ulcerative
colitis, acute cholangitis, aphthous stomatitis, cachexia, pouchitis,
glomerulonephritis, lupus nephritis, thrombosis, and graft vs. host reaction.
Inflammatory Response Associated with Bacterial and/or Viral Infection

Many bacterial and/or viral infections are associated with side effects
20  brought on by the formation of toxins, and the body’s natural response to the
bacteria or virus and/or the toxins. As discussed above, the body’s response
to infection often involves generating a significant amount of TNF and/or other
cytokines. The over-expression of these cytokines can result in significant
injury, such as septic shock (when the bacteria is sepsis), endotoxic shock,
25  urosepsis, viral pneumonitis and toxic shock syndrome.

Cytokine expression is mediated by NNRs, and can be inhibited by
administering agonists or partial agonists of these receptors. Those
compounds described herein that are agonists or partial agonists of these
receptors can therefore be used to minimize the inflammatory response

30  associated with bacterial infection, as well as viral and fungal infections.
Examples of such bacterial infections include anthrax, botulism, and sepsis.
Some of these compounds may also have antimicrobial properties.

These compounds can also be used as adjunct therapy in

combination with existing therapies to manage bacterial, viral and fungal

35 infections, such as antibiotics, antivirals and antifungals. Antitoxins can also
be used to bind to toxins produced by the infectious agents and allow the
bound toxins to pass through the body without generating an inflammatory
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response. Examples of antitoxins are disclosed, for example, in U.S. Patent

No. 6,310,043 to Bundle et al. Other agents effective against bacterial and

other toxins can be effective and their therapeutic effect can be

complemented by co-administration with the compounds described herein.
5 Pain

The compounds can be administered to treat and/or prevent pain,
including acute, neurologic, inflammatory, neuropathic and chronic pain. The
compounds can be used in conjunction with opiates to minimize the likelihood
of opiate addiction (e.g., morphine sparing therapy). The analgesic activity of

10  compounds described herein can be demonstrated in models of persistent
inflammatory pain and of neuropathic pain, performed as described in U.S.
Published Patent Application No. 20010056084 A1 (Allgeier et al.) (e.g.,
mechanical hyperalgesia in the complete Freund's adjuvant rat model of
inflammatory pain and mechanical hyperalgesia in the mouse partial sciatic

15  nerve ligation model of neuropathic pain).

The analgesic effect is suitable for treating pain of various genesis or
etiology, in particular in treating inflammatory pain and associated
hyperalgesia, neuropathic pain and associated hyperalgesia, chronic pain
(e.g., severe chronic pain, post-operative pain and pain associated with

20 various conditions including cancer, angina, renal or biliary colic,
menstruation, migraine, and gout). Inflammatory pain may be of diverse
genesis, including arthritis and rheumatoid disease, teno-synovitis and
vasculitis. Neuropathic pain includes trigeminal or herpetic neuralgia,
neuropathies such as diabetic neuropathy pain, causalgia, low back pain and

25  deafferentation syndromes such as brachial plexus avulsion.

Other Disorders

In addition to treating CNS disorders, inflammation, and
neovascularization, and pain, the compounds of the present invention can be
also used to prevent or treat certain other conditions, diseases, and disorders

30 in which NNRs play a role. Examples include autoimmune disorders such as
lupus, disorders associated with cytokine release, cachexia secondary to
infection (e.g., as occurs in AIDS, AIDS related complex and neoplasia),
obesity, pemphitis, urinary incontinence, overactive bladder, diarrhea,
constipation, retinal diseases, infectious diseases, myasthenia, Eaton-

35 Lambert syndrome, hypertension, preeclampsia, osteoporosis,

. vasoconstriction, vasodilatation, cardiac arrhythmias, type | diabetes, type I

diabetes, bulimia, anorexia and sexual dysfunction, as well as those
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indications set forth in published PCT application WO 98/25619. The
compounds of this invention can also be administered to treat convulsions
such as those that are symptomatic of epilepsy, and to treat conditions such
as syphillis and Creutzfeld-Jakob disease. Lastly, the compounds of this

5 invention may be used to treat a variety of dermatological disorders, including
but not limited to psoriasis, dermatitis, acne, pustulosis, vitilago, and the like.

Diagnostic Uses

The compounds can be used in diagnostic compositions, such as

probes, particularly when they are modified to include appropriate labels. The

10  probes can be used, for example, to determine the relative number and/or
function of specific receptors, particularly the a432 and/or a6-containing
receptor subtypes. For this purpose the compounds of the present invention
most preferably are labeled with a radioactive isotopic moiety such as ''C,
18F,7GBF, 123 o 125

15 The administered compounds can be detected using known detection
methods appropriate for the label used. Examples of detection methods
include position emission topography (PET) and single-photon emission
computed tomography (SPECT). The radiolabels described above are useful
in PET (e.g., "'C, "®F or "®Br) and SPECT (e.g., "®l) imaging, with half-lives of

20  about 20.4 minutes for ''C, about 109 minutes for '®F, about 13 hours for ¥,
and about 16 hours for "®Br. A high specific activity is desired to visualize the
selected receptor subtypes at non-saturating concentrations. The
administered doses typically are below the toxic range and provide high
contrast images. The compounds are expected to be capabie of

25  administration in non-toxic levels. Determination of dose is carried out in a
manner known to one skilled in the art of radiolabel imaging. See, for
example, U.S. Patent No. 5,969,144 to London et al.

The compounds can be administered using known techniques. See,

for example, U.S. Patent No. 5,969,144 to London et al., as noted. The

30  compounds can be administered in formulation compositions that incorporate
other ingredients, such as those types of ingredients that are useful in
formulating a diagnostic composition. Compounds useful in accordance with
carrying out the present invention most preferably are employed in forms of
high purity. See, U.S. Patent No. 5,853,696 to Elmalch et al.

35 After the compounds are administered to a subject (e.g., a human
subject), the presence of that compound within the subject can be imaged
and quantified by appropriate techniques in order to indicate the presence,
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quantity, and functionality of selected NNR subtypes. In 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 out using any
appropriate technique and apparatus. See Villemagne et al., In: Arneric et al.
(Eds.) Neuronal Nicotinic Receptors: Pharmacology and Therapeutic
Opportunities, 235-250 (1998) and U.S. Patent No. 5,853,696 to Elmalch ef
al., each herein incporated by reference, for a disclosure of representative
imaging techniques.

The radiolabeled compounds bind with high affinity to selective NNR
subtypes (e.g., a4B2 and/or a6-containing) and preferably exhibit negligible
non-specific binding to other nicotinic cholinergic receptor subtypes (e.g.,
those receptor subtypes associated with muscle and ganglia). As such, the
compounds can be used as agents for noninvasive imaging of nicotinic
cholinergic receptor subtypes within the body of a subject, particularly within
the brain for diagnosis associated with a variety of CNS diseases and
disorders.

In one aspect, the diagnostic compositions can be used in a method to
diagnose disease in a subject, such as a human patient. The method
involves administering to that patient a detectably labeled compound as
described herein, and detecting the binding of that compound to selected
NNR subtypes (e.g., a4p2 and/or a6-containing receptor subtypes). Those
skilled in the art of using diagnostic tools, such as PET and SPECT, can use
the radiolabeled compounds described herein to diagnose a wide variety of
conditions and disorders, including conditions and disorders associated with
dysfunction of the central and autonomic nervous systems. Such disorders
include a wide variety of CNS diseases and disorders, including Alzheimer’s
disease, Parkinson’s disease, and schizophrenia. These and other
representative diseases and disorders that can be evaluated include those
that are set forth in U.S. Patent No. 5,952,339 to Bencherif et al.

In another aspect, the diagnostic compositions can be used in a
method to monitor selective nicotinic receptor subtypes of a subject, such as
a human patient. The method involves administering a detectably labeled
compound as described herein to that patient and detecting the binding of
that compound to selected nicotinic receptor subtypes namely, the a4p2
and/or a6-containing receptor subtypes.

Receptor Binding

26
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The compounds of this invention can be used as reference ligands in
binding assays for compounds which bind to NNR subtypes, particularly the
and/or a6-containing receptor subtypes. For this purpose the compounds of
this invention are preferably labeled with a radioactive isotopic moiety such as

5 °H, or "C. Examples of such binding assays are described in detail below.
V. Synthetic Examples
Example 1: 3-benzyl-3,6-diazabicyclo[3.1.1]heptane (1)
3-benzyl-3,6-diazabicyclo[3.1.1]heptane (1) was prepared according
to the procedure of WO 2005/108402 to Pinna, et al.

10 Example 2: 6-(tert-butoxycarbonyl)-3,6-diazabicyclo[3.1.1]heptane (2)

6-(tert-butoxycarbonyl)-3,6-diazabicyclof3.1.1]heptane (2) was
prepared according to the procedure of WO 2005/108402 to Pinna, et al
Example 3: 3-benzyl-6-(trifluoromethylcarbonyl)-3,6-
diazabicyclo[3.1.1]heptane (3)

15 To a solution of 3-benzyl-3,6-diazabicyclo[3.1.1]heptane (1) (7.5 g,
39.8 mmol), methanol (300 mL), and triethylamine (6.70 mL, 1.2 eq, 47.8
mmol) at 0 °C was added trifluoroacetic anhydride (6.7 mL, 1.2 eq, 47.80
mmol). The solution was stirred at ambient temperature for 4h and the
solvent was removed under vacuum. The solids were filtered off and washed

20  with methylene chloride. The solvent was removed in vacuo and the residue
purified by column chromatography using a 0-100% ethyl acetate in hexanes
gradient. The appropriate fractions were colleted, pooled, and evaporated to
give 3-benzyl-6-(trifluoromethylcarbonyl)-3,6-diazabicyclo[3.1.1]heptane (3)
(7.0 g, 62% yield) as a yellow solid.

25 Example 4: 3-(tert-butoxycarbonyl)-6-(trifluoromethylcarbonyl)-3,6-
diazabicyclo[3.1.1]heptane (4)

A solution of 3-benzyl-6-(trifluoromethylcarbonyl)-3,6-
diazabicyclo[3.1.1]heptane (3) (8.3 g, 29.2 mmol), ethanol (60 mL), di-t-
butyldicarbonate (6.4 g, 29.2 mmol) and 10% palladium on carbon (3.2 g,

30  30.1 mmol) in a Parr reactor was shaken at 60 °C under 3 atm of hydrogen
for 16 h. The solution was cooled, fiitered through diatomaceous earth, and
washed with methanol. The solvent was evaporated under reduced pressure
and the remaining residue washed with methylene chloride and saturated
ammonium chloride solution. The organic layer was passed through a phase

35  separator and purified by column chromatography eluting with a 0-50% ethyi
acetate in hexanes gradient. The appropriate fractions were collected,
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popoled, and evaporated to give 3-(tert-butoxycarbonyl)-6-
(trifluoromethylcarbonyl)-3,6-diazabicyclo[3.1.1}heptane (4) (8.5 g, 99% yield).
Example 5: 3-(tert-butoxycarbonyl)-3,6-diazabicyclo[3.1.1]heptane (5)
A solution of 3-(tert-butoxycarbonyl)-6-(trifluoromethylcarbonyl)-3,6-
5 diazabicyclo[3.1.1]heptane (4) (8.5 g, 28.9 mmol) and potassium carbonate
(30.7 g, 2 eq, 57.8 mmol) in methanol (150 mL) was heated at 70 °C for 3 h.
The solution was cooled to ambient temperature and the solvent was
removed in vacuo. The crude material was dissolved in a 1:1 solution of
methylene chloride:methanol and filtered to give 3-(tert-butoxycarbonyl)-3,6-
10  diazabicyclo[3.1.1]heptane (5) (4.5 g, 79% yield) as an off-white solid.
Example 6: 3-(cyclopropylcarbonyl)-3,6-diazabicyclo[3.1.1]heptane (6)
A solution of 6-(tert-butoxycarbonyl)-3,6-diazabicycio[3.1.1]heptane
(2) (2.50 g, 12.6 mmol), cyclopropanecarboxylic acid (1.2 mL,1.2 eq, 15
mmol), triethylamine (3.50 mL, 25.2 mmol), dichloromethane (100 mL) and O-
15  benzotriazol-1-yl-tetramethyluronium hexafluorophosphate (9.6 g, 2 eq, 25
mmol) was stirred at ambient temperature for 2 h. Saturated ammonium
chloride (50 mL) was added and the reaction mixture was left to stir for 30
min. The mixture was then passed through a phase extractor (Isolute from
Biotage) and the soivent was removed in vacuo.
20 The crude mixture was dissolved in 20 mL of methylene chloride.
Trifluoroacetic acid (5 mL) was added and the reaction was stirred for 16 h.
The solvent was removed in vacuo and the residue was dissolved in 1 mL of
1:1 methylene chloride:methanol and passed through a SCX-2 column
(Biotage) (eluting with 3 mL 1:1 methylene chloride:methanol, then 7N
25  methanolic ammonia). The crude product was purified on a silica gel column
eluting with a chloroform to 90:9:1 Chloroform:methanol:ammonium hydroxide
gradient over 12 column volumes. Appropriate fractions were collected and
solvent was removed in vacuo to yield 3-(cyclopropylcarbonyl)-3,6-
diazabicyclo[3.1.1]heptane (6) (750 mg; 36% yield) as a yellow oil.
30 Example 7: 3-(propoxycarbonyl)-3,6-diazabicyclo[3.1.1]heptane (7)
To a solution of 6-(tert-butoxycarbonyl)-3,6-diazabicyclof3.1.1}heptane
(2) (50 mg, 0.25 mmol) in 5 mL of methylene chloride was added
triethylamine (67 uL, 0.5 mmol) and the solution was cooled to 0 °C. Propyl
chloroformate (31 ul, 27.5 mmol) was added and the solution was stirred for
35 1h. The solvent was removed in vacuo and the residue was washed with 50
mM sodium acetate in methylene chioride solution. The solution was stirred
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-~ 10 min and passed through a phase separator. The solvent was removed in

vacuo to give crude 3-(propoxycarbonyl)-6-(tert-butoxycarbonyl)-3,6-
diazabicyclo[3.1.1]heptane.

The crude mixture was dissolved in 3 mL of methylene chioride.
Trifluoroacetic acid (3 mL) was added and the reaction was stirred for 2 h.
The solvent was removed in vacuo at 40 °C and the residue was dissolved in
1:1 methylene chloride:methanol and passed through a SCX-2 column
(Biotage) (eluting with 2 mL 1:1 methylene chloride:methanol, then 7N
methanolic ammonia). The crude product was purified on a silica gel column
eluting with a chloroform to 90:9:1 Chloroform:methanol:ammonium hydroxide
gradient. Appropriate fractions were collected and solvent was removed in
vacuo to yield 3-(propoxycarbonyl)-3,6-diazabicyclo[3.1.1]heptane (7) (12 mg,
26%) as a clear oil.

Example 8: 3-(methoxyethoxycarbonyl)-3,6-diazabicyclo[3.1.1]heptane
(8)

To a solution of 6-(tert-butoxycarbonyl)-3,6-diazabicyclo[3.1.1]heptane
(2) (50 mg, 0.25 mmol) in 5 mL of methylene chloride was added
triethylamine (67 plL., 0.5 mmol) and the solution was cooled to 0 °C.
Methoxyethyl chloroformate (32 uL, 27.5 mmol) was added and the solution
was stirred for 1h. The solvent was removed in vacuo and the residue was
washed with 50 mM sodium acetate in methylene chloride solution. The
solution was stirred 10 min and passed through a phase separator. The
solvent was removed in vacuo to give crude 3-(methoxyethoxycarbonyi)—G—
(tert-butoxycarbonyl)-3,6-diazabicyclo[3.1.1]heptane.

The crude mixture was dissolved in 3 mL of methylene chloride.
Trifluoroacetic acid (3 mL) was added and the reaction was stirred for 2 h.
The solvent was removed in vacuo at 40 °C and the residue was dissolved in
1:1 methylene chloride:methanol and passed through a SCX-2 column
(Biotage) (eluting with 2 mL 1:1 methylene chloride:methanol, then 7N
methanolic ammonia). The crude product was purified on a silica gel column
eluting with a chloroform to 90:9:1 Chloroform:methanol:ammonium hydrbxide
gradient. Appropriate fractions were collected and solvent was removed in
vacuo to yield 3-(methoxyethoxycarbonyl)-3,6-diazabicyclo[3.1.1]heptane (8)
(15 mg, 27%) as a clear oil.

VI. Biological Assays

29
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Example 9: Characterization of interactions at Nicotinic Acetylcholine
Receptors
Cell lines
SH-EP1/human a4p2 (Eaton et al., 2003), SH-EP1/human a4p4 (Gentry et
5 al., 2003), SH-EP1/06B3B4a5 (Grinevich et al., 2005), TE671/RD and SH-

SY5Y cell lines (obtained from Dr. Ron Lukas, Barrow Neurological 'Institute,
St. Joseph’s Hospital and Medical Center, Phoenix, Arizona) were maintained
in proliferative growth phase in Dulbecco’s modified Eagle’s medium
(Gibco/BRL) with 10% horse serum (Gibco BRL), 5% fetal bovine serum

10  (HyClone, Logan UT), 1mM sodium pyruvate, 4 mM L-glutamine. For
maintenance of stable transfectants, the a4f32 and a4p4 cell media was
supplemented with 0.25 mg/mL zeocin and 0.13 mg/mL hygromycin B.
Selection was maintained for the a6p3p4a5 cells with 0.25 mg/mL of zeocin,
0.13 mg/mL of hygromycin B, 0.4 mg/mL of geneticin, and 0.2 mg/mL. of

15  blasticidin. HEK/human a.7/RIC3 cells (obtained from J. Lindstrom, U.
Pennsylvania, Philadelphia, Pennsylvania) were maintained in proliferative
growth phase in Dulbecco’s modified Eagle’s medium (Gibco/BRL) with 10%
fetal bovine serum (HyClone, Logan UT), 1mM sodium pyruvate, 4 mM L-
glutamine, 0.4 mg/mL geneticin; 0.2 mg/ml hygromycin B.

20  Receptor Binding Assays

Preparation of membranes from rat tissues. Rat cortices were obtained from
Analytical Biological Services, Incorporated (ABS, Wilmington, Delaware).
Tissues were dissected from female Sprague-Dawley rats, frozen and
shipped on dry ice. Tissues were stored at —20 °C until needed for

25 membrane preparation. Cortices from 10 rats were pooled and homogenized
by Polytron (Kinematica GmbH, Switzerland) in 10 volumes (weight:volume)
of ice-cold preparative buffer (KCI, 11 mM; KH,PO,, 6mM; NaCl 137 mM;
Na,HPO, 8 mM; HEPES (free acid), 20 mM; iodoacetamide, 5 mM; EDTA,
1.5 mM; 0.1 mM PMSF pH 7.4). The resulting homogenate was centrifuged at

30 40,000 g for 20 minutes at 4 °C and the resulting pellet was resuspended in
20 volumes of ice-cold water. After 60-minute incubation at 4 °C, a new pellet
was collected by centrifugation at 40,000 g for 20 minutes at 4 °C. The final
pellet was resuspended in preparative buffer and stored at -20 °C. On the day
of the assay, tissue was thawed, centrifuged at 40,000 g for 20 minutes and

35 - then resuspended in PBS (Dulbecco’s Phosphate Buffered Saline, Life

Technologies, pH 7.4) to a final concentration of 2-3 mg protein/mL. Protein
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concentrations were determined using the Pierce BCA Protein Assay kit
(Pierce Biotechnology, Rockford, IL), with bovine serum albumin as the
standard.
Preparation of membranes from clonal cell lines. Cells were harvested in ice-
cold PBS, pH 7.4, then homogenized with a polytron (Brinkmann Instruments,
Westbury, NY). Homongenates were centrifuged at 40,000g for 20 minutes
(4 °C). The pellet was resuspended in PBS and protein concentration
determined using the Pierce BCA Protein Assay kit (Pierce Biotechnology,
Rockford, IL).
Competition binding to receptors in membrane preparations. Binding to
nicotinic receptors was assayed on membranes using standard methods
adapted from published procedures (Lippiello and Fernandes, 1986; Davies
etal., 1999). In brief, membranes were reconstituted from frozen stocks
(approximately 0.2 mg protein) and incubated for 2 h on ice in 150 ml assay
buffer (PBS) in the presence of competitor compound (0.001 nM to 100 mM)
and radioligand. [*H]-nicotine (L-(-)-[N-methyl-3H]-nicotine, 69.5 Ci/mmol,
Perkin-Elmer Life Sciences) was used for human a4p2 binding studies. [°*H]-
epibatidine (52 Ci/mmol, Perkin-Elmer Life Sciences) was used for binding
studies at the other receptor subtypes. Incubation was terminated by rapid |
filtration on a multimanifold tissue harvester (Brandel, Gaithersburg, MD)
using GF/B filters presoaked in 0.33% polyethyleneimine (w/v) to reduce non-
specific binding. Filters were washed 3 times and the radioactivity retained
was determined by liquid scintillation counting.
Binding data analysis. Binding data were expressed as percent total control
binding. Replicates for each point were averaged and plotted against the log
of drug concentration. The I1Cs, (concentration of the compound that produces
50% inhibition of binding) was determined by least squares non-linear
regression using GraphPad Prism software (GraphPAD, San Diego, CA). K;
was calculated using the Cheng-Prusoff equation (Cheng and Prusoff, 1973).
Example 10: Tabular Spectral and Receptor Binding Data

The above illustrated amide coupling procedures were used as a
basis to make the compounds shown in Table 1. Reagents and conditions
will be readily apparent to those skilled in the art. In some cases, compounds
were characterized by nuclear magnetic resonance (NMR) data (included in
Table 1). In other cases, compounds were structurally characterized by
LCMS (included in Table 2).
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TABLE 1
STRUCTURE LCMS (m/z) | 'H NMR
e 'H NMR (400 MHz, CDCly): & 3.81-3.58 (m, 6H),
141 2.76 (m, 1H), 2.12 (2, 3H), 1.50 (d, J = 8.9 Hz,
H 1H)
H3 H3
169 "H NMR (400 MHz, CDCL): 6 3.82 (m, 6H), 2.82
(m, 2H), 1.76 (m, 1H), 1.20 (s, 6H)
H
"H NMR (400 MHz, CDCls): 8 3.82 (m, 4H), 3.65
So 167 (m, 2H), 2.62 (m, 1H), 1.72 (m, 1H), 1.46 (m, 1H),
H 1.00 (m, 2H), 0.72 (m, 2H)

Compound A

H3
I "H NMR (400 MHz, CDCly): § 4.20 (m, 2H), 3.84-
@/% 185 3.62 (m, 6H), 2.70 (m, 1H), 1.65 (m, 2H), 1.50
Hi

(m, 1H), 0.98 (d, 3H)

3
PN "H NMR (400 MHz, CDCl,): § 5.00 (m, 1H), 3.80-
’ 185 58 (m, 6H), 2.70 (m, 1H), 1.50 (m, 1H), 1.25 (m,
) o 6H)

'H NMR (400 MHz, CDCly): § 7.12 (s, 1H), 6.47
273 (s, 1H), 4.20-4.12 (m, 2H), 3.97-3.78 (m, 4H),
2.80 (m, 1H), 1.61 (m, 1H)

o

Br
>
]
:’%ﬂ 'H NMR (400 MHz, CDCLy): § 7.48 (s, 1H), 6.53

260 (s, 1H), 4.12-3.82 (m, 4H), 2.84 (m, 1H), 1.61 (d,

H@ J = 9.6 Hz, 1H)

'H NMR (400 MHz, CDCly): 8 3.80-3.76 (m, 8H),
185 3.36(s, 3H), 2.74 (m, 1H), 2.64 (m, 2H), 1.48 (d, J
= 9.2Hz, 1H)

'H NMR (400 MHz, CDCLy): § 7.16 (s, 1H), 6.35
227 (s, TH), 4.22 (m, 2H), 4.02 (m, 4H), 2.82 (m, 1H),
1.60 (d, J = 9.0 Hz, 1H)
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WO 2011/071758 PCT/US2010/058836

TABLE 1

STRUCTURE LCMS (m/z) 'H NMR

"H NMR (400 MHz, CDCly): § 7.10 (s, 1H), 6.45
273 (s, 1H), 4.22 (m, 2H), 3.98-3.78 (m, 4H), 2.80 (m,
1H), 1.58 (d, J = 9.1 Hz, 1H)

“4
H
o "H NMR (400 MHz, CDCl): § 3.92-3.72 (m, 8H),
185 2.74 (m, 1H), 3.36 (s, 3H), 2.70-2.62 (m, 2H),
[0}

1.52 (d, J = 9.0 Hz, 1H)

"H NMR (400 MHz, CD;0D): & 4.85 (m, 1H), 4.55

(0]
F... | 185 (m, 2H), 4.40 (m, 2H), 4.02 (m, 2H), 3.12 (m, 1H),
@ 2.52 (m, 1H), 1.98 (m, 1H), 1.60 (m, 1H), 1.38

NH (m, 1H)
Hac cH )
J 'H NMR (400 MHz, CD,0D): & 4.43 (d, 2H), 4.1
183 (d, 2H), 4.0 (d, 1H), 3.85 (d, 1H), 2.98 (m, 1H),
@ 2.15-2.40 (m, 3H), 1.86 (d, 1H), 1.0 (d, 6H)
H

'H NMR (400 MHz, CD;0OD): & 5.65 (m, 2H), 4.7

193 (m, 1H), 4.44 (m, 1H), 3.48-3.78 (m, 4H), 3.15
H@M\Q (m, 1H), 2.93 (m, 1H), 2.45-2.75 (m, 4H), 1.83 (d,
1H)

TABLE 2

STRUCTURE

abB3pdas K;
Human a4p2 K;
Rat a4p2 K;
LCMS (m/z)

CH

3
170 141
H .

33



Human a402 K1 Rat a4132 Ki (ziw) swoi H3C. 100 50 208 NH 140 250 208 O-N

1100 208 .."' 72 17 194 H3H3 260 169 H3 3 120 59
WO 2011/071758 ‘ PCT/US2010/058836

TABLE 2

STRUCTURE

a6p3p4as K;
Human o482 K;
Rat a4p2 K;
LCMS (m/z)

H3 H3
@;;Z 830 | 220 23 169
H

6)& 140 3.0 2.3 167

Compound A

Hy

o/_/’

24 185
S
CH3
Hzc)\o 130 185
qre
£
j\o 120 201

%

FW\O
59 52 189
S

1800 25 83 273
~
7~ 2700 35 80 273
y
P
1
2400 7.9 56 260
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TABLE 2 STRUCTURE a6133f 34a5 Ki

1111.

1200 207 HC

80WO0 28t1A 71758

760 209 *

11 34 207 ilir

Human a402 Ki

---, H 440 209

Rat a4132 Ki (zitu) suuoi

PCT/US2010/058836
TABLE 2
, ¥z
3 3 8 £
STRUCTURE 3 S 3 o
2 =
A ] Y 5
! E (4 r
I
{
0 ¥
150 194
H
oM
72 185
Hi
F
1700 | 11 25 209
H
270 197
H
H
? 38 44 227
- cl
;
) 66 260 273
. ;@”
14 26 181
;
O
370 185
O\
CH,
E:; 370 197
H
o
@ FF 6300 249
! H

35



Y. 20 H 1000 247 S...41 0 660 265 '? 4*
H 240 211 (1) NHH 750 256

WO 2011/071758

2000 229 cycH3 * 950 247
4111
PCT/US2010/058836
TABLE 2
X o ¥ )
3 3 2 £
STRUCTURE 3 2 3 e
@ © e =
7y E T o
B 3 (14 |
I
(.‘,H3
w%&a
@ 69 520 209
H
DS
g; 2900 211
N
H
WHG
@ ° 3400 212
H
[o]
MHG
@ ) 1900 226
H
EgQ 400 197
H
@
g; 17000 28 0.18 194
H
o N
@ oH, 11000 19 38 208
H
HJ
%;E%
Q; 53 60 208
H
@ 34 70 183
H
H
120 390 207
0]
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2800 225 *HN 420 256
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120

PCT/US2010/058836

TABLE 2
_ z
¥ o 3 0
S 3 S £
STRUCTURE =4 S 3 P
a “ = 2
3 E 2 =
I
1:'
@ 1500 272
0§‘/A<
@ 510 6.1 8.8 203
H
N0
WHJ
@ 1100 208
H
@ 150 71 207
H
@ 360 | 220 100 209
N
@T 3000 243
Oﬁ/\
@ M\© 1400 247
H
m 1200 265
H
@ 9400 229
N
o
H
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4.5 0.81 185 3.7 0.89 185 V OI<NH 2.2 1.0 185 0 11 100 2.3 16 318
120 11 8.6 265 _ "o O_ i 700 330 302
WO 2011/071758 PCT/US2010/058836

TABLE 2

STRUCTURE

a6B3p4as K;
Human a4p2 K;
Rat 042 K
LCMS (m/z)

1600 330 130 211

@ 2200 256

@ 1300 251
@ 2000 211

|
C’o 1100 390 197
H
|
750 197
; H

H@ 3300 225

@ = 2900 256
H /N

2000 21
H 0
|
310 43 27 181
H
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WO 2011/071758 PCT/US2010/058836
TABLE 2
— x- — —
b4 o~ 4 N
'S I | g E
STRUCTURE & c 3 0
8 [5:] e E
E 3 O
b 5 14 ]
o
i
37 260 193
H
(0]
I
@ 79 50 171
H O\CH3
(0]
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I
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i
60 220 221
H
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HN. N
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|0 CH,
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H HgC H3
(@]
| H
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H
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WO 2011/071758 PCT/US2010/058836
TABLE 2

- ¥
X o ¥ )
2 I g E
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< § /4 a

T
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H
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H
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H
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=
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X

3
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L
H

420 195
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12 4.1 169 FJ 980 74 63 223 HN/N \/\ O 0O /CH3 HI1J11 540 37 25 195 HN

440 49 34 195 TABLE 2 STRUCTURE a6133134a5 Ki Hunman a4132 K
WO 2011/071758 PCT/US2010/058836
TABLE 2
. ¥
N & Z )
3 3 8 £
STRUCTURE 3 S 3 @
(2]
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I
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H
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CH3
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H
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VvV CH3

WO 2011/071758

0O HcH3 120 5.3 6.7 195 VH3 0 11 470 71 69 223
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PCT/US2010/058836
TABLE 2
. 4
X o~ X N
3 53 o £
STRUCTURE 3 S 3 *
a i = 3
3 E 4 a
s
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H
m 660 265
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WO
@ 240 211
N
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TABLE 2
- 4 - —
X o~ ¥ N
3 I 8 E
STRUCTURE hY c 3 o
«© © -~ =
& £ S O
I
I
320 211
H
i
64 17 181
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|
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H
F
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H
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O
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H
f
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195 0 ii 1111 370 16 19 217 TABLE 2 STRUCTURE a6f33134a5 Ki Human a4/ 32
Kl Rat a4132 Ki (ziw) suvoi Il lap MO 22000 1300 233 Jo * 1300 160 210 219
0 1 H3ICNWe20NH7238 9.9 5.1 169 11 HNFF O 1500 180T/US2010/058836

TABLE 2

STRUCTURE

a6p3p4as K;
Human a4p2 K;
Rat a4p2 K;
LCMS (m/z)

/@CN/\ 21000 | 1100 301
H NH
C |
i
¢ »/k 5900 | 3100 301
H NH
C

400 270 200 232
H H
i
@H\M\Q\c 210 110 4.0 267
H H
|
N/L
@ 38 48 24 301
Y H
Cl

]
c I
N7 120 90 71 301
c H NH

@N/\/\C H, 290 12 4.1 169
H

F
F 980 74 63 223
HN % Q

HN<Z>\s—<_Q 440 49 34 195
\O
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TABLE 2
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cH3
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4 350 30 51 243
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WO 2011/071758 PCT/US2010/058836
TABLE 2
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STRUCTURE a6133134a5 K1 Human a4132 K1 Rat a4f 32 Ki

(z/w) suoi H3C HN --1 o
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TABLE 2
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3 3 S E
STRUCTURE 3 > 3 s
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HyC
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ﬁ\\‘
0
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o
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N
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181 CH3 A % N H 30000 820 181 CH 1700 9.2 50 181 CH, 1800 9.6 180 181 O N
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TABLE 2

STRUCTURE

a6B3p4as K;
Human a4p2 K;
Rat a4p2 K;
LCMS (m/z)

5& 58 1.8 | 039 181
N

\%X 95 1 0.08 181
QN; .

1700 13 4.8 181

120 0.49 0.24 143

Compounds of Table 2, representative of the present invention, exhibited
inhibition constants (Ki values) at the human a4p2 subtype in the ranges of 2 nM
to 11,000 nM, with a number of compound exhibiting Ki < 100 nM; indicating high

5  affinity for the a4p2 subtype. Kivalues at the a6B3B4a5 subtype vary within the
range of 38 nM to 100,000 nM, indicating variable affinity for the a.6B3B4a5
subtype.

Example 11: Neuroprotective effect of 48h pre-treatment of

dopaminergic neurons with test compounds on MPP" injuries (4 pM).
10 EXPERIMENTAL PROTOCOL

Primary cultures of dopaminergic neurons

Rat dopaminergic neurons were cultured as described by Schinelli et
al., 1988. Briefly pregnant female rats of 15 days gestation were killed by
cervical dislocation (Rats Wistar; Janvier) and the fetuses removed from the

15  uterus. The embryonic midbrains were removed and placed in ice-cold
medium of Leibovitz (L15; Invitrogen) containing 1% of Penicillin-
Streptomycin (PS; Invitrogen) and 1% of bovine serum albumin (BSA,
Sigma). Only the ventral portions of the mesencephalic flexure were used for
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NHO9110.54 185 CH AO0.., 10, H 830 22 4 181 TABLE 2 STRUCTURE
a6f 331 34a5 Ki Human a4f32 Ki Rat a4132 Ki (zit.u) swii CH3 58 1.8 0.39 181
CHa 95 1 wo81118175€ % N H 1700 PCT/US2010/058836

the cell preparations as this is the region of the developing brain rich in
dopaminergic neurons. The midbrains were dissociated by trypsinisation for
20 min at 37 °C (Trypsin EDTA 1X; Invitrogen) diluted in PBS without calcium
and magnesium. The reaction was stopped by the addition of Dulbecco’s
5  modified Eagle’s medium (DMEM,; Invitrogen) containing DNAase | grade |l

(0.1 mg/ml; Roche Diagnostic) and 10% of foetal calf serum (FCS;
Invitrogen). Cells were then mechanically dissociated by 3 passages through
a 10 ml pipette. Cells were then centrifuged at 180 x g for 10 min at room
temperature on a layer of BSA (3.5%) in L15 medium. The supernatant was

10 discarded and the cells of pellet were re-suspended in a defined culture
medium consisting of Neurobasal (Invitrogen) supplemented with B27 (2%;
Invitrogen), L-glutamine (0.2 mM; Invitrogen) and 1% of PS solution. Viable
cells were counted in a Neubauer cytometer using the trypan blue exclusion
test. The cells were seeded at a density of 35000 cells/well in 96 well-plates

15  (wells were pre-coated with poly-L-lysine (greiner)) and were cultured at 37
°C in a humidified air (95%)/C0O2 (5%) atmosphere. Half of the medium was
changed every 2 days with fresh medium. In these conditions, after 5 days of
culture, astrocytes were present in the culture and release growth factor
allowing neurons differentiation. Five to six percents of the neuronal cell

20  population were dopaminergic neurons.
Drug treatments and Dopaminergic neuron immunostaining methods

Briefly, on day 3 of culture, the medium was removed and fresh
medium with or without test compounds, nicotine (10 nM) or BDNF (Brain
Derived Neurotropic Factor, 50 ng/ml) was added for a 48h pre-incubation.

25 Onday 5 MPP" at 4 uM was added (in presence of test compounds, nicotine
or BDNF), 6 wells per condition were done.

After 48h of MPP+ intoxication with or without test compounds,
nicotine (10 nM) or BDNF (50 ng/ml), cells were fixed (all conditions) by
paraformaldehyde 4 % solution

30 Test compounds (compound A and compound B, as the heptane di-p-
toluoyl-D-tartrate salts) were assayed at seven concentrations (0.001; 0.01;
0.1; 1; 10; 100 and 1000 nM).

Nicotine (10 nM) and BDNF (50 ng/ml) were used as reference test
compounds. )

35 After permeabilization with 0.1% saponin (Sigma), cells were
incubated with mouse monoclonal primary against tyrosine hydroxylase
antibody (TH, Sigma) for dopaminergic neurons
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13 4.8 181 DD 0 120 0.49 0.24 143 Compounds of Table 2,
representative of the present invention, exhibited inhibition constants (Ki
val ues) awotha/tursan a4l 32 subtype in the ranges of 2 nkCras:dio088336iM wth
a nunber of compound exhibiting Ki <100 nM indicating high 5affinity for
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Briefly pregnanbiydiesml methad 6f qubntkbatibays gestation were killed by cervical

di slocatiop (Rats Wstar; Janvier) and the fetu r ved fromthe

15ut er us. E‘Fhe enbr YYHEE ?ﬁ”&@?%izﬁs‘gw‘?%p?r&%\wgﬁeéﬁg 'Bﬁgggsea in ice-cold

medi um of Lei bendition ubihd FiCell Analyzeo T PO (B HealthoayeWshotOx
Penicillin-Streptomyci PS: Vi - % f LiBSerSEer um al bumi n
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of Dul becco’s Snodifii&faERalSse i eNge) WeieldopgeRhecont ai ni ng DNAase
| grade Il (0.1 mjﬂ;%h;ﬁ aRochlé S'S(ggﬁ%sti cﬁ and gl % of fog{yv%lgncalf serum ( FCS;

| nvi trogen). differest aadiionsiésing festeligying yddnnst & ips passages t hrough
a 10 m pi pet gRowedsIslghifibsrice wabeet feent biobuged at 180 x g for 10 nmin at room

tenperature on a layer of BSA (3,5% _in L medi um The supernat ant was
10di scarded and thiﬁ/‘%@ﬂ"? &F '"leg'iafeéjt'/gW@P'@Sg"gqsuspended in a defined culture

medi um consi sti ng PiuiSelsholvaaalbsd effect tunagefIQompopml Bfent ed with B27 (2%

I nvitrogen), L-glutamne v , Ltr % af.  PS, sol ution. Viable
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cul tured at B?éllg@%élsyémﬁﬁrﬁn&wgﬁ%ﬁa?@'(95% 1C2 (5% atnosphere. Half of the
nmedi um was changedFievierdshpwe awesepifast gunesof Gaswourd A (%1 t hese conditi ons,
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culture, the nedi um was, renoved an resh | Lt LLhout test
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condi tion 2§er Z‘%ggﬁee& H Sgémv%?r gg@”‘ﬂ%%rg? h ﬁ}%&é}ﬁﬁﬁ{b;&ﬁ%%ﬁmﬁfh or w thout
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condi tions) by par gfyarPdeR¥dRsé eftéct Al bratbmdlis$B (S-empestBsis-( compound A
and conpound B, as the heptane di -%-Pntegi_téo | - tartratﬁ)%‘glts) wer e assayed

at seven concéftfigzabisyelolRd. Bas.theh -taluoyy B-taigtesq 00 nM).
Ni cotine (10 midotigensh BERINFH (BOrite Bhath aftee4sd pustedtnasht, fafoare hg BIPPESt  conpounds.

35After p%bnquhrkli(z%f %)_wi th 0.1% saponin (Sigma), cells were

Figure 5 shows a dose effect curve of BDNF (50 ng/ml) and nicotine

(10nM) on TH positive neurons after 48h pretreatment, followed by MPP*
injury (4 UM, 48h).
Figure 6 shows a dose effect curve of BDNF (50 ng/ml) and nicotine (10nM)
35  on total TH neurite length after 48h pretreatment, followed by MPP* injury (4
pM, 48h).
The specific pharmacological responses observed may vary according to
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dose effect cshould nof beConginedds ¢or§’@tutnng any I|m|tat|on of the |nvent|on

20cycl opr oby! GaGRANNA v B S BAABIEE baled iind At 2% all ELRARSBRRL

di - p-tol uo rate salt nicotine on total TH neurlte | engt h
after 48h1 r ede @tmdﬁmnftfron’r the ﬁw\;t/@athwvwwpnafiemtmd topeingludgg ih the Fi gure
3 shows a dosgco?ggﬁﬁé afpéhyR @imonpound B

( 3- et hyl carbonyl 3, 6-di azabi cycl 0[ 3.1. 11, as the heptane

di -p-toluoyl-D-tartrate salt) and 25nicotine on TH positive neurons after
48h pretreatnment, followed by MPP+ injury (4 pM 48h). Figure 4 shows a
dose effect curve of Conpound B (3-ethyl carbonyl- 3,6-diazabicyclo[3.1.1],
as the heptane di-p-toluoyl-D-tartrate salt) and ni cotine on total TH
neurite length after 48h pretreatnent, followed by MPP+ 30injury (4 pM
“48h) . Figure 5 shows a dose effect curve of BDNF (50 ng/m) and

ni cotine (10nM on TH positive neurons after 48h pretreatnent, foll owed by
MPP+ injury (4 pM 48h). Figure 6 shows a dose effect curve of BDNF (50
ng/mM) and nicotine (10nM 35o0on total TH neurite length after 48h
pretreatnent, followed by MPP+ injury (4 pM 48h). The specific

phar macol ogi cal responses observed may vary according to and dependi ng on
the particular active conpound sel ected or whether there are present
pharmaceutical carriers, as well as the type of fornulation and node of

adm ni strati on enpl oyed, and such expected variations or differences in the
results are contenplated in accordance with practice of the present

i nvention. 5Although specific enbodinents of the present invention are
herein illustrated and described in detail, the inventionis not limted

t hereto. The above detail ed descriptions are provided as exenplary of the
present invention and should not be construed as constituting any
limtation of the invention. Mdifications wll be obvious to those skilled
in the art, and all nodifications that 10do not depart fromthe spirit of
the invention are intended to be included with the scope of the appended
claims. What is clainmed is: 1. A conmpound of Fornmula I: (CH2), R2-N
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(CH2)n (CH2)m\N-RL (CH2)m SFormul a | wherein: each mis identical
and is 0O or 1; each nis identical and is O or 1; when each mis 0, then
each n i swo20li0vihs8 each mis 1, then each n is 0; Rl i CTASA)10/A38836
-C(0)0-R3, C(O)NHR3, 15-C(0)-(CH2)g-X-R3, -C(0)0-(CH2)qg-X-R3, or

C(O)NH (CH2)g-X-R3; gis 1, 2, 3, 4, 5 or 6; Xis -0-, -S, -NH, or
-NHC(0)-; 20R2 is Hor alkyl; R3 is alkyl, alkenyl, alkynyl, cycloal kyl,
cycl oal kenyl , V@bis gamegdifyl | aryl, heteroaryl, or heterocyclic; each R3

i ndividually may be optionally substituted with one or nore al kyl, al kenyl,
al kynyl, aryl, ary| ox am ] do, heteroaryl, hal ogen, 25hydroxyl,

al koxy, cycl oaf kyl'g‘cﬁ@ua‘éf’ﬂ:g’mﬁm'cycl oal kynyl, heterocyclic, or alkylam do
substituents; with the proviso tgat), @&H,),does not include the

fol | owi ng conpounds: 3-ethyl caronyl- 3/ 6- di égabi cycl o[ 3. 1. 1] hept ane,

306- et hyl car bony1- 3, 6- di azBb+e¥Wcl of 3. {. 1] hepiNareR’

6-tert-butoxycarbonyl- 3, 6-di azab@ cycl of 3. 1. ;/] hept ane; or a pharnaceutically
acceptabl e salt thereof. (CHy)p, (CHy)m

5 Formula |
wherein:
each mis identical and is O or 1;
each nis identical and is 0 or 1;
when each mis 0, then each nis 1;

10 when each mis 1, then each nis O;
R'is
-C(O)-R?,
—-C(0)0-R?,
-C(O)NH-R®,
15 -C(0)~(CHy)¢-X-R?,

—C(0)0-(CHZ)¢X-R®, or
-C(O)NH-(CHy)-X-R?;
qis1,2,3,4,5, 0r6;
Xis =O—, =S—, -NH-, or -NHC(O)-;
20 R?is H or alkyl;
R? is alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl,
heteroaryl, br heterocyclic;
each R® individually may be optionally substituted with one or more
alkyl, alkenyl, alkynyl, aryl, aryloxy, amino, amido, heteroaryl, halogen,
25 hydroxyl, alkoxy, cycloalkyl, cycloalkenyl, cycloalkynyl, heterocyclic, or
alkylamido substituents;
with the proviso that Formula | does not includé the following
compounds:
3-ethylcarbonyl-3,6-diazabicyclo][3.1.1]heptane,
30 6-ethylcarbonyl-3,6-diazabicyclo[3.1.1]heptane,
6-tert-butoxycarbonyl-3,6-diazabicyclo[3.1.1]heptane;

or a pharmaceutically acceptable salt thereof.
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WO 2011/ 071758PCT/ US2010/ 058836 2. A conpound of Formula |I: (CH2), R2 -N
(CH2), (CH2)m\NRL (CH2) m Formula | wherein: 5each mis identical
and is Owo2011/0815B n is identical and is 0 or 1; when eathisn1ids8836t hen
each n is 1; when each mis 1, then each nis 0; Rl is 10-C(0)-R3A,

-C(0) 0-R3B, -C(0)NHR3c, -C(0)-(CH2)qg-X-R3c, -C(0)0-(CH2)q-X-R3c, or

15- C(O)NH-(CHZ)q X- R3c; is 1, 2, 3, 4 5 or 6; Xis -0-, -S, -NH, or
-NHC(0)-; R2 #s H 6|"°’§P%‘W°f’:°rm“'almhen R2 is H then R3A is net hyI propyl,
butyl, pentyl , hexyl, al kenyl, Z@aig)ﬁ Hl.0al kyl, cycl oal kenyl ,

cycl oal kynyl, aryl, het eroaryl, or het rocyc\{lc when R2 is al kyl, then R3A
is methyl, ethyl, propyl, RN pentyl, hexy—altkenyl, al kynyl,

cycl oal kyl, cycl oal kenyl, cycl oé\ kynyl aryl/ het eroaryl, or heterocyclic;
25when R2 is H and each mis 0 age,) (Hyl, then R3B is nethyl, ethyl,
propyl, n-butyl, isobutyl, sec-butyl, pentyl, hexyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl, or heterocyclic;
when R2 is H and each mis 1 and eagdimualadls 0, or when R2 is al kyl, then
R313 is net hyl,vher%;[nhyl , propyl, butyl, pentyl, hexyl, alkenyl, alkynyl,

5 each m is identical and is 0 or 1;
each n is identical and is 0 or 1;
when each mis 0, then each nis 1;
when each mis 1, then each nis O;
R'is
10 -C(0O)-R*,
—-C(0)O-R*®,
-C(O)NH-R*,
-C(O)~(CH,)¢-X-R*,
~C(0)0-(CH2)4-X-R%¢, or

15 -C(O)NH-(CHy)¢-X-R%;

qis1,2,3,4,5 or6;
Xis —O—, =S—, -NH-, or -NHC(0)-;
R?is H or alkyl:
when R? is H, then R* is methyl, propyl, butyl, pentyl, hexyl, alkenyl,

20 alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl, or
heterocyclic;
when R? is alkyl, then R* is methyl, ethyl, propyl, butyl, pentyl, hexyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl,
or heterocyclic; '

25 when R?is H and each m is 0 and each n is 1, then R*® is methyl,
ethyl, propyl, n-butyl, isobutyl, sec-butyl, pentyl, hexyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl, or heterocyclic;
when R?is H and each m is 1 and each n is 0, or when R?is alkyl,
then R* is methyl, ethyl, propyl, butyl, pentyl, hexy!, alkenyl, alkynyl,

30 cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl, or heterocyclic;
each R*C individually is alkyl, alkenyl, alkynyl, Cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, heteroaryl, or heterocyclic;
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30 cycl oal kyl, cycl oal kenyl, cycl oal kynyl, aryl, heteroaryl, or

het erocyclic; each R3C individually is alkyl, alkenyl, alkynyl, cycloalkyl,
cycl oal kewgl2o11ayets®al kynyl , aryl, heteroaryl, or hetero®¢®ltise)10/0868661 R3

i ndividually may be optionally substituted with one or nore al kyl, al kenyl,
al kynyl, aryl, aryloxy, am no, am do, heteroaryl, hal ogen, hydroxyl,

al koxy, cycloal kyl, cygl oal kenyl, cycl oal kynélp , heterocyclic, or alkylamdo
substituents; 5or SRPRaMNABEHY Bay bsortionalyistbstitutechivith enecarewke 3. The
conpound of claim élk@,ral@nymlafn?l, Biyl, Bryfdxy amild) @nfidTRaEREryPhalegd, m 1 or 2,
where mis 1. 5. Ahcocggloul d se kaEd from ,

103- et hyl car bony 174 @Yyf %xé(b?VGE’@ ¥ Yolpalkemid syclprikynyl, heterocyclic, or

3-i sopr opyl car bonydlky@antidel saszsatoesty.cl of 3. 1. 1] hept ane;

3-cycl opropyl carbonyl-3. 6-di azabi cycl of 3. 1. 1] hept ane;

3-pr opoxycgr bony1- % BMEMa%Y '%@%ﬁ%@t?% ff'ﬁ@ﬁ']teﬁﬁe;

3-1i sopropoxycar bonyl- 3, 6-di azabi cycl o[ 3. 1. 1] hept ane:

153- net hoxyet hoxy b - -diazabicycl o[ 3. 1. 1] hept ane;

3-(2-fluoroet E'oxygf@{aer%gﬁ)%ﬁ%&é%m gf’ég’i 'ﬂ?&? %’['%&'1. 1] hept ane;

3- ( 2- br onof ur 4n- 5- THe)awmpburd/df-c&jré 1 dr 22etiereyds 6] 3. 1. 1] hept ane;

3-(3-bronof urgn-5- = -di azabi cycl o[ 3. 1. 1] hept ane;

3- (3-chl or of urg'an- ZN%/(% &L@gg%%({[é%ﬁqul azabi cycl o[ 3. 1. 1] hept ane;

203- (i soxd2ol - 5- yl I dgigleapenys 36-diazabiayiialg.41testane;1] hept ane;

3- ( 2- met hoxyet hyl )xigsdaeyichrodnfi-oH- @& 2ic¥6B Al 9hebtahkhept ane;
3-(2,2,2-trifluorqeth I%Ocar bonyl- 3, 6-di azabi c¥cl o[ 3. 1. 1] hept ane;

3- (tetrahydr of ur ar?—"l’é’g%P PYFas B3 8- diszabicysiohl tUIRERIAne: 1. 1] hept ane;

6- (2- chl or of ur an- B-preaydetont- 86-AidiidlR[FY fh&ltshel . 1] hept ane;

256- ( 2- br onor of ur gn- 5-yl ) car,bo -3, 6-di azabi cycl o[ 3. 1. 1] hept ane;

o-ope oty oSS AN SR

-(2-me yet hy ethatygthod cérodi i c 1. gpeane;
cis-3-(2-fluorocyg) -1- [ - 3,.6-di icycl o[ 3. 1. 1] hept ane;
trans- g (2-11 uor)c/)%/@F%%@S%9%%@@2@%%%?%béc,ygp&:z%ﬁﬂb%é%{ﬁ E:ycl o[ ]3 ll.ol] hept ane;
ci s- 6- (2- f | uor ocy SHapramefdragd)ybearbenylrd.63ij@abicyaiofbi .dlpeptofied. 1. 1] hept ane; and
t -6-(2-fl 1 2 AR =l ' 3.1.1] hept ;
Sor 2 phar moeut Ll AaeA b B0 BED b adabicits EPhGHENEL S T oA

350r a pharmaceutically acce _ ‘ oripound
3- cycl opr opy! car borly£herofuran-dybearesnyt Hf-diazabigyslop hilbensanea phar maceutical |y
accept abl 20 sal t t BlsRizol-5-YMearfdhh L did2bRGAIbIFAHM H=8836 7. A

pharmaceutical co sition C rising a conpound as clained in clains 1 - 6
and a phar maceut i gg%’“ﬁ%&%ﬂﬁ)é Ibén\é'é%f‘i“%ﬁab'%‘?'oﬂﬂr?ﬁleﬁ@de;f or the treatnent or
pr evetnti on of a disae,ataﬁtrimror%aumi:éritomtl-;{edjia&?@éydbys.m}hégtaﬁé; n: coti gi C f
receptors conpri si e _hadm.ni stra of ac as clained in any o
clains 1 - 6. O. 83%”8?”55@8H'ﬁi}'tqﬁ%[g%{yﬁ'g’géﬁ'%ﬁwqﬁﬁmﬂﬁ?mﬁ?’ai s 1- 6 for
the preparation of-(2chiedfcantylcadimnytd)ediacaadyoe|s 1. heqiareyent i on of a

o sease 95 cOnd! ¢ DR GLAACHRULRIRAduRRIAAL T HBEBRECT ., 10,
substance. 11. A EsHpeRMidcaseonytHf-diedahigyclol3al. Hiseptane; 6 for use in the

treatment or prevenpnhdjetddhbERE8 ciaZafiRgids oM HEp@hat ed by neuronal
ni cotinic receptors. use, or conpound of claim8 - 11,

. _The net hod _
wherein the neuroﬁﬁ]B'éngPr(?B\fcf%fQP'}'\é’i?éﬁl"BY"s?’vsaﬁ"éza@fcy‘flPl[é-1&4’?@?”§Ubtype. 13.
The met hod, use, oansE&EAMUONELYCbprop-adyltdibonylld,s- wher ei n t he neur onal
ni coti ni gy ecept o . &5 t 6- cont ai ni ng subtype. 14. The nethod, use,
or conpound of cl g_?"%n &PB 11,'H6\?P2arn§’rn the neuronal nicotinic receptors are
of both the a4132ciafd2flneroa@lopmmt Byvarkgn@Gfudtiazapescio[33.1]Epnaet hod, use, or
conpound of claimg§y- 11, wherein the disease or
trans-6-(2-fluorocycloprop-1-yl)carbonyl-3,6-diazabicyclo[3.1.1]
heptane;
35 or a pharmaceutically acceptable salt thereof. '
6. A compound 3-cyclopropylcarbonyl-3,6-diazabicyclo[3.1.1]heptane or
a pharmaceutically acceptable salt thereof.
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condition is a CNS disorder. 16. The nethod, use, or conpound of claim8 -
11, wherein the disease or condition is selected fromthe group consisting
of age- aswochatEds85menory inpairnment, mld cognitive i FPRIUSAEN58836

age-rel ated cognitive decline, pre-senile denentia, early onset Al zhei mer's
di sease, senile denmentia, denentia of the Al zheiner's type, Al zheiner's

di sease, cognitive inpairnment no denentia (CIND), Lewy body denenti a,

Hi V- denent i a, /Al DS ABFFEIREPUICR SAPPESEioN\cameising a ermraynd as Cleisted BOsy ndr orre,

head trauna, traungims 106ana a'dhlaHﬁééth-EBh))accéﬁtgﬁélkérﬂerpllg' l'istica,
Creut zfel d-Ja ob [%me se and rion di seases, stroke, ischema, attention

deficit disor |Qfﬁh?j gtaent °ﬁ9rﬁlé‘|"’}¥8'ﬂ piA 9'9‘3&1??@6?9119?“0” dysl exi a,

schi zophr eni a, schméeu@tbu pyhéporal dicstdicteceptss boragaingess | ve di sorder,
cognitive ﬁysfunctl n_.in sch{ zophreni a 35cag{g| ti e defLCéts in

schi zophr efi a, Par EHYHISHCT HETRAUASY A pEPRIS Of G5 e post encephal i tic
par ki nsoni sm 9par ki/sesairai compdemieastdlamed in a@;aumlanmsomGdbreth@or al denentia

Parki nson’ s Type (;Eg—abé‘lon olfg eﬁlcghgﬁqgrqhe M gm%rge(v\&\t%n ?f %ease,

Huntington's Di seasée chorea, SKinest as opa i nduced
dyski nesi a, tardi v@se@ygm mdutlen mh?lp@dlbv nelgplaal nisotinip resepitere. supr anucl ear

pal sy, progresgivea §§Hﬂfﬁ8'é§b§lﬂ{ed9ﬁ&|§|ﬁlssv- d P ldeSR SNl RGeSy Ndr ore,

Creut zf el d- Jakob di sease tiple sclerosis, amyotrophic lateral sclerosis
(ALS), moif®r neur dReTaPRWASHISIAGRD) , nul ti pl e system at r ophy (VBA)

corticobasal gegengeahpiifd aSolaimediimclBaisI e 6F¥PH0Rhet@BRlent &N ONi C

i nfl ammat ory denyel i nating pol yneuropath epi | epsy, . aut osonal
dom nant 10noct ur n%{?"elnp?fh‘%él disegpR OF %’gwgd'ﬁtﬁﬂ%é”e‘ﬁﬂ%' B'P?/“”'Cdepr essi on,

premenst rual dyspheteptors.pani ¢ di sor der S, buI ima, anorexia, narcolepsy,
i sor der . obstksi viedBnpar e shuep! 9agE DurBErerE "Sipeli i ona
defi I ant di&or der, niatinierdceporssyradf tbevdpasibype) 15dr ug and al cohol
add cti on, ORCCouBAKL B LB R RN YT indhia UGS O ToTE
di sease or condi t ircvtinis réeaptorsrese nf tﬁeanorhtmdlnggulﬂWekl nson's disease. 18. The
Formi ated f ot nt Haiehil ug sEehetypo ol iinii ViR AR Rt Phn
nicotinic receptors are of both the 04p2 and the a6-containing
20 subtypes.
15. The method, use, or compound of claim 8 - 11, wherein the disease or
condition is a CNS disorder.
16. The method, use, or compound of claim 8 - 11, wherein fhe disease or
condition is selected from the group consisting of age-associated
25 memory impairment, mild cognitive impairment, age-related cognitive
decline, pre-senile dementia, early onset Alzheimer’s disease, senile
dementia, dementia of the Alzheimer’s type, Alzheimer’s disease,
cognitive impairment no dementia (CIND), Lewy body dementia, HIV-
dementia, AIDS dementia complex, vascular dementia, Down
30 syndrome, head trauma, traumatic brain injury (TBI), dementia
pugilistica, Creutzfeld-Jacob Disease and prion diseases, stroke,
ischemia, attention deficit disorder, attention deficit hyperactivity
disorder, dyslexia, schizophrenia, schizophreniform disorder,
schizoaffective disorder, cognitive dysfunction in schizophrenia,
35 cognitive deficits in schizophrenia, Parkinsonism including Parkinson’s
disease, postencephalitic parkinsonism, parkinsonism-dementia of
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17.

18.

Gaum, frontotemporal dementia Parkinson’s Type (FTDP), Pick’s
disease, Niemann-Pick’s Disease, Huntington’s Disease, Huntington's
chorea, dyskinesias, L-dopa induced dyskinesia, tardive dyskinesia,
hyperkinesia, progressive supranuclear palsy, progressive
supranuclear paresis, restless leg syndrome, Creutzfeld-Jakob
disease, multiple sclerosis, amyotrophic lateral sclerosis (ALS), motor
neuron diseases (MND), multiple system atrophy (MSA), corticobasal
degeneration, Guillain-Barré Syndrome (GBS), chronic inflammatory
demyelinating polyneuropathy (CIDP), epilepsy, autosomal dominant
nocturnal frontal lobe epilepsy, mania, anxiety, depression,
premenstrual dysphoria, panic disorders, bulimia, anorexia,
narcolepsy, excessive daytime sleepiness, bipolar disorders,
generalized anxiety disorder, obsessive compulsive disorder, rage
outbursts, oppositional defiant disorder, Tourette’s syndrome, autism,
drug and alcohol addiction, tobacco addiction, acute pain, chronic
pain, and one or more neuropathies.

The method, use, or compound of claim 8 - 11, wherein the disease or
condition is Parkinsonism including Parkinson’s disease.

The pharmaceutical composition of claim 7, wherein the composition

is formulated for intranasal, buccal, or sublingual administration.
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