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Cross Relation to Prior Applications The present invention clains

benefit to U. S. Provisional Application Nos. 60/971, 654, filed Septenber
12, 2007; 60/953,610, filed August 2,2007; 60/953,613, filed August 2, 2007,

gnd 6]9/ 953, 614&;45%@2‘%& glN#E&%HME)aﬁwgl vmli'c[rF] i]so&'_rné:orporat ed herein
y reference i ~JR3-Ne@t(Sr - - - > sent

i nvention rel atYésBﬁ'\ECOgEBﬁﬁgcwﬁt%‘(“ﬁ?w‘?v&%ﬁdm’ fNE-METL%%S%E

azabi cycl of 2. 2.U§FJ('E'[EB 95) benzof ur an- 2- car boxam de, novel salt forns

thereof, nmethods for its preparation, novel internedi ates, and nethods for

treati ng a w dé€ressrRelation e PderAppli¢atiaRs and di sorders, including those

associ ated wi t h dysfranrdsbRimvehtioh bigims @it UB) @raaisiondl ApplicativeNeaus syst ens.

Background of t vent i on ) el | i S (NNRs)

characteristi csgéd’%é“ (E%dn%pgimbﬁgrz\’/%aﬁ’ ésb?sé? ynﬂ"&ﬁ@ﬁ}&{’%{a%%iﬁ&?ﬁ% t o occur

in several subtfiipddugust @097 end GOMFRBH Bed AUgHIRRO0RAeh ¢fbish ISiFRRORPY% o be

useful in the theRmbyRabrefe iRitsventile§t y of conditions and disorders. See

Mazurov et al., Curr. Med. Chem 13: 1567-1584(2006) and references therein

herein incorporated by reference with regard to background under st andi ng of

t he a7 neur onalField efghe ventiaBcept or subtype. Promi nent anong those

COPF“ tions and di sorgissentitventdd Mldtbse (ISR-N-E®BtpyridiyDinatbpht-eni a, )

i nfl anmati on, angi.o IS J I j } There
180 2aio AR ARRY fBiice. ABlE LA TRTRIS! frooge

are a decreasec?zr]u C ) ) rrprte rarn t1 ssue of
schi zophr eni ¢ pettits eiepasation| rpye! intemediates; andyppthoas dor esHng 3Midgi vasY €ff f ect i n
snoki ng ver sus coRiioRSBId di@rdeainZadMy tBdsk @sqoaibiee Miisdyshinctioh bithe campalaue s

sensory gating I Cl i al s and schi zophreni cs. Bl ockade of the a7
NNR subt ype i n&ggéé&%ké%é#ﬁgﬁﬁi cit simlar to that seen in schizophrenia.

See, for exanple, Leonard et al., Schizophrenia Bulletin 22(3): 431 (1996),
her ei n i ncor porsikckgtotiy éfeheesition Bi ochemi cal , nol ecul ar, and genetic

studi es of sensory I L i i . i - evoked
potential gating déﬁ%ﬁ%@éﬁﬂggg@%r%%%k%gﬁgRﬁgﬁﬁﬁéggﬂgﬁggggﬁ%@ﬂ%ﬁ%%tion in an
i nhi bi tory neursgHem (G haxppeersghown faecynimsayeral suptyras dhamogcoymon ofgj of ogi cal
Psychiatry 38(1): 22 (1995), incorporated by reference. Mor e
recently, a7 NNRs have been proposed to be nedi ators of angi ogenesis, as
descri bed by Heeschen et al., J. an. Invest 100: 527 (2002), incorporated
by reference. IsHbtyRedgwe kaep gropaseditqipd uspiul ip e dpatimgat 047 varighto) fRRARRS 28Hown t o
decrease | nfl| armeidersy Sasngbageeesl, Surr &b Chand, 18INBs7-hsB4g20Depandpsioposed as

Mol ccur ar e ar SR herBrBSHGRBEBE BloPerBE Pyt MRS B fdind i BBnaE R B -
2002/ 0016371, SZARUPH BiFgIBicaRceptolRyblRS: dirermient amangibgsegonditiges 809l e of the a7

subtype in cognriisbidern atd cdghitiveamphiri@rty sohizophtahia, Bidmrhdtiog, ahgiogmbss, CNS and

Neur ol ogi cal Di . - 002)), neuroprotection (O Neill et al.,
Current Drug Té’rggrééja?:('éﬁhgéédnféﬁ@lﬁ&o ogi cal Disorders 1(4): 399 (2002) and

Jeyar asasi ngam et alhere 3 adeyesses eunbppdhippecagmpsl NNRsEpR9stmasiqe brainiissptat hi c
pai n (Xi a0 et @k schizbashic plaéntsAGHd, thiiets ibiYeciRfddlbgiod 8kt haRBAYY has
recently been rv@%&sgﬁun-zsﬁ\qwng&%Ho&{rén?ctﬂag&tsh itk ll'n'a%%sosglaéaotrf&hpa/ dé’fiafser ence.

in animals and schizophrenics. Blockade of the a7 NNR subtype induces a gating

deficit similar to that seen in schizophrenia. See, for example, Leonard et al.,
Schizophrenia Bulletin 22(3): 431 (1996), herein incorporated by reference.
Biochemical, molecular, and genetic studies of sensory processing in patients with the
P50 auditory-evoked potential gating deficit suggest that the a7 NNR subtype may
function in an inhibitory neuronal pathway. See, for example, Freedman et al.,
Biological Psychiatry 38(1): 22 (1995), incorporated by reference.
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Vari ous conpounds have been reported to interact wwth a7 NNRs and have been
proposed as therapies on that basis. See, for instance, PCT WO 99/ 62505,
PCT WD 99/03859, PCT WO 97/30998, PCT WO 01/36417, PCT WD 02/ 15662, PCT WO
02/ 16355, PCT WD 02/ 16356, PCT WD 02/ 16357, PCT WD 02/ 16358, PCT WD
02/17358, Stevens et al., Psychopharm 136: 320 (1998), Dolle et al., J.
Label | ed Conp. Radi opharm 44: 785 (2001) and Macor et a{ Bi oor g. I\/Ed
Chem Lett. 11: 31910(e?r@&i:ﬂy, anKNRelaye beancrsopopasite bnmediatas of NOIPRITERS

i ncor porat ed a% Jegcrﬁé\oﬁ@q'?e g\aﬁlépetra@gﬁ@gn ifedtA0l:E2P (2002)f iecpduratgd yf a7 NNRs and

proposed t her api €S ese Cco theme is
that of the su@?tqnﬁﬁt'éﬂ‘efﬁwq‘eér Wh'ﬂ%fg{?‘ﬁ?” aﬂityﬁgu}??&o%%‘ﬁc%ﬁ% i di ne).
Simlar substi ,hﬂgnﬁﬁhtawaménedbnelsmammmd)eveﬂﬁefepfaﬂ@éd et ®orted to bind

at nmuscarinic r md gﬂm@, gév\getaammbulmamS 712,270 to
Sabb and PCTs, c\?\%&@‘%%%gge;%sa imr ‘

0 4 i ncor por at ed
by reference WResearch 39A(12) 88 @Qﬂ%a %[ﬁ@i &ppuca?'gpzc&ﬁ/om&?h eh%‘n of sone
ni cotinic CO”pﬂbHiﬁlﬁatdebyt rbfatentd).elinally shearoleof the o subiype i cpgniioR VI Aesi r abl e

side effects, Fok@XaimRheorYeshi: ENls3hi NEurotgsH Disansls YaNe2s @A) r ecept of s.

There continues ' t0 be a nee ods for
preventing or t‘?”é‘?i’mt?f@°'\/@r'i'98tf’§a'c&‘(ff?‘?%&ﬁglséfﬂegd&ggg)g}hmo 'CQMSMQ

di sorders, i nchuyoay2e0d) end Myaragasingan chrﬂceﬂ%@@?&(éwam vvhere t he
conpounds exhi r PA¥adNssihUg) dograg Bbed (abo2pfhbect , nanel y
upon the funct P%utrr\?pg{h?c%%lnqhﬁo%}\lég’m% ta outhS|?r?gf 'ﬁr(é%%tn ssoci ated si de

ef fects. Ther erdeantly ?@e’ﬁl"%ﬂi‘edeﬁﬂ?ﬂﬁtﬁqﬂé e"?f'(’)Wﬁ?fg‘?r Pons, "met hods t hat

af fect CNS functi orvarbistompousiigmave bmnenoyte@mf"é@f@‘#twgh %BE!BS MEYe PR

receptor subt yg}%ﬁos‘é@h%eﬁ MEort HR LRSS, el B} m§t&hcb rrTORO Wodes0s! PET Wosi de
effects, such

t | et al |
sites. The preS3¥m 55W\%ﬁ§98%3§$9§lfp e‘éo%@ﬁgﬁohgyﬁ?a& /%é@f‘ﬂggl oﬁsa amsc ©
met hods.  Summez/y63sh, RATENOI02BERSEORCT WO 02/16857ePEEWYEI2/16858, ReT Wfésent

invention is (8? 7?3'32; é}b\feé)&%r %wﬂbﬁ%)ﬁetdm 119@)8 Doue etal., J. Labelled Comp.

bi | o[ 2. 2 ¥
Rccept abl o sal el B oL g PSSy Bhert (BRI 1Y
N-(2((3-pyri di eid feednbaslincrein 2ati resetﬂn@észlnczrpziaa@tbs:mrwemtbfqgﬁ@rto 2- car boxani d

e, in substanti tdpred! AMoRpiReBIcaRpaingghkt
e 10 substant ;)gékp%um&hnss maRsaane 530 iékdp @netr ﬁ’l."

aspect rIs M g
azabi cycl of 2. ZCQP'BQQ%TE‘)‘%‘H%? 'ﬁlﬂ}i‘FP ihecséﬂ ¥ %?ew ' %?r?iﬂ? aﬂ 'y free of
(2S,39), (2R 3Smmuandme()2Rnﬁﬁi)subsmmmmmuahdlnacqnﬂrmumm:le‘(ﬁ4'&9&99@1fea@'teé'[% abl e salt
E ggr g%; N (2 Fg L RScanr184dpRks. 288G inskahos LSS, PRICAINGR! 5,22l 27Y tsgbbChed
pyri di nyl ) net h)?ﬂd RCTs: WQ Q/R0PER 3nd VO PR(05 1841, paghal wBiIPR s NS08 Y xani de, or a
phar maceut i cal Irgferanmpayith sdghe tsalch corygouedst . | n one enbodi nent, the
enantloneric and/ory Frh@a%r%f%&ﬁ? SinR%XERSndsSs &Qt{héyraréésga&eﬁéd wdlﬂlaﬂcﬂﬁ

enbodi nent, the enan I oneric an or I ast er eorrerlg eg f?fgﬂf s 95% ors
greater. In on&ndasisbin THeAffects s examRip PYFHIMIAING Mol ARG FNGIUICIBERRI: excess
i s 98% or gr eatTasre cominassao kndoabidie rbmpduhds, esranusitionseandenethods tor preventmg

di astereoneric o??é‘a‘ﬂﬁ% dn§u39c%n/8n%rns Y ftdels, such aQ@ﬂS%E@f@Qﬂs rﬁﬂmdingﬂlal?éi‘natmg
enanti oneri c and |l astereoneri c exce

Anot her aspect M§sympiams P@E"éﬁ?td'sPW\?@n‘t"?e%ﬁ? §°’%ﬁ‘fu%‘4§|eég‘g'g? ‘f%t"(‘)? P afgacfﬁfy
N-(2-((3- with a beneficial effect, namely upon the functioning of the CNS, but without significant

pyridi nyl) et hy %sol:na@&@{ab Qﬁ{&:{ Oh'ﬁerg 15231 r%ﬁ& fo?céﬁ%ﬁﬁﬁéoédﬂpaﬂﬂo%s Gl h\@th@ﬂﬂ de,

wherei n the aci s se ecte from hydroc

phosphori c aci 2t ARCEPRS Bippign Wiyt <) E%%'Vﬁg‘?ﬁ' t&%ﬁecﬁ'k’oﬂ‘é‘i rg%e[pgvlr F%’?y(pﬁ%m c)

aci d, D-mandel iwhichtinh, thdbdtentislas induca aindbsirabiet dideredfecis, Suahias appreeiableactiviyd

S- 10- canphor sul I b\ideBGlish | N one
enbodi nent, thea( gdt?%lgvgﬁahaqﬁnd &EIE%%%QS‘% The gnesé?ﬁ mggﬁ% nyl ) met hy1-1-

azabi cycl 0[2 2 .comBUns %CWB%@%‘F@'&% °2’scar boxam de to the acid is 2:1, 1:1,
or 1:2. In one enbodinent, the stoichionmetry is 1:1. One enbodi ment of the
present invention is

(2S,3R) -N-(2-((3-pyridinyl)nmethyl)-1-azak-cycl o[ 2. 2. 2] oct - 3-y1) benzof ur an- 2
- carboxam de hydrochl oride or a hydrate or solvate thereof, including
partial hydrates or solvates. A further enbodinent is

(2S,3R) -N-(2-((3-pyridinyl)nmethyl)-1-

azabi cycl o[ 2. 2. 2] oct - 3-yl ) benzof ur an- 2- car boxam de nonohydrochl oride or a
hydrate or solvate thereof, including partial hydrates or sol vates.

The present invention also provides a scal abl e synt heses of

(2S,3R) - N-(2-((3-

pyridi nyl ) met hyl)-1-azabi cycl o[ 2. 2. 2] oct - 3-yl ) benzof ur an- 2- car boxam de and



Figure 18 Illustrates a conparison of the functional responses of rat a7
receptors expressed In mammalian GH4CL cells to

(25,3R) -N-(2-((3-Pyridinyl)nethyl)-1- azabicyclo [2.2.21oct-3-y1)

benzof ur an- 2- car boxam de; the racemate, nanely a m xture of (25, 3R),

(2R 3S), (2R 3R), and (2S,38); and the individual stereoisonmers within the
effective plasma concentration range. Figure 2A illustrates responses
of human a7 r eswemwhayof thenrvestiand | n Xenopus oocytes to

(2S,3R) - N- (2((3- pywnghafebmte%amawmamwmw(2«2 pPidryhmahy-1)

b f 2- b I t f
e 1 ecopt e i e SR RO R s ©

i ndi cat ed conceittheadof. netheDaspect isd?B3MAY- (el (SryadinvDiethrd -4% ?‘°V8HE?~’9% °6f control
300 pM ACh r eSﬁg f&m,@bﬂ@diarﬁldmms@gémm pubeoren pext phreemecadticaltyoni st - evoked
responses. Eac ol nt re e \ mal i zed
responses of a@CCPQ_j%g% Sa}f ? ‘Q@'ﬁher ashelt %{ZQQ%N {1129 Wﬁhnﬁmﬁé@pég assessmnent
of cognitive eédabicyciold. 212]6m 30!)?@\@@"?@8@@‘!@1”@[‘“&% ergntiglyreaioh &P gk nonst rat i ng

that (28, 3R) - NoRdsf 37 &Wdﬁ‘?lsﬂaﬁér% rH?h fﬂb{érhwaéeuﬁ&ﬂ%mcegtﬁdbﬁb dal thére@floct - 3-y1)
benzof ur an- 2- carboxa

kg
admini stered i. *‘B'l‘i’) a§°tﬁer asPeC{ =¥ 'é[ﬁpgorﬂe" %ﬁﬁ@%crha é 2 %(szggssrrent of
cognitive eff emtrsmymnmyl OreapiaycialR . yRipctdehbanzeiiran-21sgropragyide. or a
(28, 3R) - N- (24( ﬁxa%{édegﬁcaw ac B3B! shit therdér I g @Bodider, tRY @abtidreyid jnd/or

benzof uran- 2- car boxam de adm ere t er a wde
dose range (O. g'aSte'fﬂ“‘?Wj/eféﬁfs 'Sghdz@r%rege'p In onegﬂ%&méﬁ th%%@ﬁ”%ﬁ%?%f ects of

(2S, 3R) - N- ( 2- ( (iBstprponaicienssbs @b yreatera Jnpieeybpiment, the enagtiqmesic grgior
benzof ur an- 2- C%Q&é@rﬁérlé%x&‘ééﬂs @B%@g@&eﬂ lrponelelmbpdmwﬁrthe ergmtmmc and/@ deficits
| nduced by M g‘aﬂ?@%‘?ﬂ"&‘ceﬁ |st9§"zo L 226 1A% gdlz%QtW‘ﬁé gﬁé Arﬁ/en@‘o’\ﬁd/&rabl e

nonconpetitive f eceptor
Figure 6 il ustiasteregmerigaxcesnis§9 8% areaiehe spent on obj ect A versus obj ect

tB,h I]p ORI tasE byt t%téx&%bédt@ft?éﬁ@éeﬂdn@hﬁhﬁﬁs éﬂe?cmalﬁbﬂ'(zs BRIMN-(2((3- 24 hI after
e final sub-acute adm nistrati

different (p=0PYiinglpetayi-agapc dﬁggffogtsg%% é|u\% nlzvx)%Fbo t'degbvg&%tbgfe%rd

mn, 2 h, 6h, &meletsd forahydechipticacid, sigfurioagls. %t@m'@ﬂ%mﬁ Argicagiei fon of 0. 3
gg/ kgf (2S, 32R) %ufeae&(f&w%érdl éiallamdn& (ﬁmclayéc)d mnaaz\a@ic@yalmtahahc%cmoct 3- ylt)
enzof ur an- 2- car e tine
i nvesti gating 8% B?s n{"’r%‘@ ﬁ% an E'quh rst%%' ?Idgﬁq{élo la Ei%d 9.59\}) éat 2h
(75% and 6 h a¢id1mpne h'equemgmeﬁmhwmﬁtmeqt (&%‘aﬂﬁ)é\l @rﬁevrnv&%lraw)mthvlﬁpr oved in
ani mal s treat egza\&c%]oége @EB@’ )k)ﬁenzofuran 2.carboxamide to the acid is 2:1, 1:1, or 1:2. In

o T o ookt

benzof ur an- 2- 5‘?%5‘3(" Vﬁ%
vehi cl e- t r eat e RSHRINN24(3-r@adinvi)mathid)s 1-afabisycld(2. %@]PCta?dﬁP?ﬂZQfﬂfaatzr on.

Figure 7 ill USE&@&)&%&Q@Z hy@SSHRHSSE Y hyQiate©P SN dkd tHEre&tf ihehadiry paﬂlamgﬂradb la} arm
e (R par el o s i e Mg 220 evele
admi ni stered p azablcsclo ﬂ?ﬁl@p&yl)}bﬁmzowf&nc? qarexafaitlg pporpbydipahipridengy %Wﬁ*@\f’énent in

per formance on shiife thakt, maﬁd.@@ad@mydiafésbh@n@feeup treated with 0.3 ng/kg

(28,3R) -N-(2-((3-py n )

benzof ur an- 2- car boxih‘? H&é/eaLPYeHE‘X‘t%Sé Oé"ggsh?:lgéégb% %)rﬁheéag !)fg al\wz (}13

Fi gure 8 il | ustpyrigingBmethyl iieppbioyclofdR.2] %‘?dh’lﬁﬂil?furé'ﬂ'?éé@gxa"\'@ﬁﬁf‘%' as
hyperactivity RQadasdiges.i nduced by dopam ne over-stinul ati on, show ng that

(28,3R)-N-(24(3- pyLidin 1- azabi Q )

benzof ur an- 2- car box S&%‘}/e(%gﬁ’ éﬁ%ﬁtva '%f'%& I QO%? at%eher?ta eés(tél oconot or
hyperacti vity iemdlodimentshpncpreieengrsihaesindes@ibedy/ kg) fol | owi ng subcut aneous
adm nistration in rats. Figure 9 illustrates an antipsychotic
assessnent, prepulse inhibition, indicating that aponorphi ne-induced
deficits are reversed with pretreatnent of (2S, 3R)-N-(24(3-

pyri di nyOrnet hyl ) - 1-azabicyclo [2.2.2]oct-3-yl) benzofuran-2-carboxam de

fol |l owi ng subcut aneous adm ni strati on.
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Figure 10A illustrates the results of the x-ray crystallographic analysis
of (2S,3R)-N-(2-((3-pyridinyftnethyl)-1-azabicyclo [2.2.2]oct-3-y1)

benzof uran- 2- car boxam de nonohydrochl ori de, establishing the absolute
stereochem stry of this material. The depicted conpound is the partially
hydr at ed hydrochl oride salt, as shown with the fully ordered chloride anion
and partially occupied nolecule of water in the asymretric unit.

Figure 108 illg frD@ts%t.Bhgﬁheslghte% of the x-ray crystall ographic analysis
of (28, 3R)-N-( 2( ( 3 ép %%fﬁ& d'Xte)r sﬂior@é@&'r&%‘? |ré&eﬂ;tgrsgx;%éé&i n3-y1)

benzof ur an- 2- carb roc

in | ute
st er eochemi st r!yuarm‘naﬂtalh|Qi'14ﬁ%élt3éi$t S.3BEMN( %«%W’WY'W%‘VHJ%@‘%H‘&&&% c?r% for
reference. The |Yt5e%!\bfur§n b oakbasicd M Irabdeate hyrasiph mbduragti?L8M, @Ri3S).of the unit

cell. The inter- dr.ogen I | nes.
Figure 11A il (?:5!: agg(%n%h)ﬁée mc&‘duaps?é}gﬁso%gr?& |gt%gtl I bﬁ)d g & naI ysi s
of (2R 3R) - N ( 2- (( Figuye 1Efllustyatesa mpﬁ@naktabtuegiw% %E""ﬁesﬂ e &?

benzof ur an- 2- Sﬁﬁéggécﬂﬁhdﬁmﬁh&.fdmmbelmwmﬂﬂ )-Bg2- &bbyrsihnvlbrg)etwﬁé absol ute

st ereochem str g?&cmtlcrh%érzg%hf EI, %ler['\z?furan -2- carF&@Hlfa@ thd-Bedrhdts! Shhal 8mikte resul ts

?fZRt geR) XNT ?g ((3932%98) (ARBH).) (AR BR)yand.(8S, é@aﬂdd%‘f’%""f%' sée’?‘i'%?&erss*""@'i‘)the
benzof ur an- 2- e%{,wagmaq%c@mmbm@@enzoate establ i shing the absol ute
stereochem stry of I__thl 2@%% gre?goqg oﬂnﬁ:?a V}%ﬁ&ﬁ&o&%ﬁe@ﬁ\mtﬂﬁe for

ref erence. romat o n})cha %tzerl zi ng
four stereoi som@sm@&l@@ %‘((%C(%Jpwﬁtﬂv'hﬂﬁﬂ)yﬁ'ét%@q")y"'?126?2%1?1‘? gye pgnzotura
[ 2. 2. 2] oct - 3- y Lamb@miefl ur an- 2- car boxam de, where the 2S, 3R denonstrates a

peak at retention g#érﬁ%?é il strgte %ﬂ&!ﬁ%pgﬁggof?fﬁm%%ﬂ@mm&m@e peak at

retention tinme of denonstrat es F ﬁ%JtEt ention
time of 8.2 ni mpnlieafion gfthe @qwow agthe dndieaiad pongentiations, Peta Mefediopalingd B 12, 4
m nutes. As de%rdeb&ﬂrda%f&inﬂo! 3bdEv WCh rdsporgbasbeained Gumin baeforatie@ ysis to provi de

adequat e resol uti omﬁn%l%?’grrl &edrg&fg%"%ﬂnédfﬁ%&%ﬁ@még dlag? = SEM of

hexanes: et hanol®*®f" M ne- a a co umm tenperature of
20C, and WV deﬁmrmﬁz@trewweﬁﬁfat‘eaSt4°°F¥t‘§ure 13 is an XRPD of

E) 2S, 3f1 1) - NZ( 2-03- pl‘iiédrds MMdtoatde b Mdspssheard bognitics effel@ Jrga.ﬂ:p@ctre@gg:ggn ;
enzor ur an- C (0),¢ r erve
(Iighter) and Cpalraa{ggddnnﬁp t{: Xl 913&%?5#1)% @ ({g:i P&ﬁ:ﬁaﬁﬁ%eﬂﬂl)?%&@ S

terns are in agreement
in respect of :E@Z?/la@@e@ b&ﬁqufﬁ"rﬁ)‘?aftm@m'é? bascesifive qffﬁﬁt%ﬁ&%ﬁnsé MY peak wi dt hs
may be attri bUTa@:mestérédn%I, rpamnt resolution and preferred orientation

effects. As descri bigglfrg g Ellgét{gtes aﬁ gsgggmem 335 %\lé &Eerc@r}?&wso raligmat tri but ed

to a tenperature shi ect eckFat room
t enper at ure and!emamséraﬁr@tﬂ@d@%Nﬂ?ﬂ%pw%ﬁm‘hﬂrbazéP‘Cbe’d?@ 210ct3YIEi qure 14 is

an XRPD of (ZSb&E%)ofd}bn@ca(r&o&arﬁm hdhhifstb 8 Blohhds positiva 2tidttsogret owifi@d&e2] oct - 3- y1)
benzof ur an- -car boz(gg ql& g}‘)(@ol oggl ate. Detailed Description of the
I 0

| nventi on range
(28, 3R) - N- (24(3- pyranrﬁ||l91$f@teﬁyff9ﬁ810fé%’oﬁ)é&;@t(@[w"dz"@%'ewh‘ BFPISEFS of ur an- 2- ¢
ar boxani de, wi 2, Qﬁ)&thI)tb!nioﬁﬁam%oxﬂraiduedmlaxéldreselb arcpreveatifooogtitve a7 NNR

SUbtYpe domons L ALg hualb Aol R o BB e o %w.ahw%némm ve

enhancenent) arid ant’ e aspect of
the present i n\pemwt@ve aniagonis OBy N&D(\’Jef(e(’t&f pyihe @R t hyl -
azabi cycl o[ 2. 2. 2] OCFI @eﬁﬂlﬂamftwama@fagamexmdeomt ;avqammpcteamcaml ly

t abl | t s
ﬁf?gp(?s ot Q%Ete8rr°a§&%6f"EA§“( qeaihortponalobanite ) o d

e, in substant |aéminystrpmnép Pbif'ﬁhwaé F‘Oté‘%ﬁ@#'ﬁﬁ@ﬁﬁjﬁﬁt&&loi‘? PR e d2sal t
thereof. A fur tr@éb@ctﬁ&lﬁe@lltem&wélﬁit 8dRhin]\2 §,%h(dnd-1Pp Yiraftetitiny/finhrseiblagute 1-

azabi cycl o[ 2. 2 nz b Bloloof.6.6€ of
(2S,39), (2R 3§d1“'"<53 rat(ofﬁpg%“gﬁ(gzgnﬁh Y A %ﬁ{z}%@yn%«hgﬁ'ﬂgﬁbﬁ% %ccgogt abl e salt
t her eof . yl) benzofuran-2-carboxamide, subjects spend srgnmcantly (P<0.05) more time

investigating object B (novel) than object A (familiar). Moreover, at 2h (75%) and 6 h
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Furt her, another aspect is stereoisonerically enriched (2S,3R) - N (2-((3-
pyridinyl)nmethyl-1-azabicycl o[ 2. 2. 2] oct- 3-y1) benzof uran- 2- car boxam de, or a
pharmaceutically acceptable salt thereof. In one enbodi nent, the

enanti omeric and/or diastereonmeric excess is 90% or greater. In one

enbodi nent, the enantioneric and/or dl astereoneric excess is 95% or

greater. In one enbodi nent, the enantioneric and/or diastereoneric excess

i s 98% or greaAs;) tHeReddGtich HABLARnificdrfiFinfrsad ihanimals treatadiitr 0.3 mg/kg

di astereoneric, ex IS .99% or ar.e . h3BRIMn-o-t he

enanti omeric a@%ﬁﬁ'@?é@f"é?%ﬁ%?tﬁ@'gézgélgg;loﬂ%'g'g&t%%gh roatar.

Anot her aspect carboxamisle peraeasert to theveoagnition index GA%xefithe WShiF ‘tVS?tefQ'g‘;'%ﬁfO

N- ( 2&( ( S-Oret h Iminftes aft%r_final a<|jmini§tre12tionz.1 ‘.2 nlp i d
ridin -1-gzabi cycl o] 2. 2, 210ct - 3- araed -2 Rxa de,

\%er ei nyt he agi d i 3’2'%"«5‘? L’ejﬁ'fséraé? FORCRYAr Btc%?’((%]ﬁ\(’: acal’{ggzl?%sru l?%ii c acid,

phosphori ¢ aci (RAMaeidigma 2SBRIM-GH(FRYEdmNDmet: 1-aeablgyciifa Rt ¥ (nuci c)

aci d, D-mandel pgnBfidh-2-dardofdnhiad (09, B8 bl 1.0BERAWS atifinisierdpa. 8) mRuteand

S- 10- canphor sul f oni ci ds, . ketoglutaric.aci i i id . In one
embodi ment, t h@"%’tt%%“éﬁ?'féfﬁ%‘étsﬂ}' é? ﬂtp%e@ﬁ}%'"ﬁig%mf ?‘%%&%q |an§/aa%g'%j ﬂ];slm 1-

azabi cycl o[ 2. 2 #@igrap-rRatyOnitnd:d ake (RSBRI-Nr BER-AMIAN)PEMINeZ3RIPIG 5 2.1, 1:1,
or 1:2. In one espediayBbbnzotuf-Bdafiokirhiga@iriny the Secbhd wedRineadmmihistcitiorent  of t he
present 1 nvention |'_s

(25, 3R) - N- ( 2- (( 3- pyPF Restiate gisjoy of sotinsyehotig ofipds Jregyeq asdy peﬁ‘ﬁ'gtﬁ’z of ur an- 2-
car boxani de hy dekayler bdicdebydopaming gyessimution, shewdpethat %%f"!'@y( 5l udi ng
?ggt i361|) hY?;aE ridﬂfyl)rﬁ%hyl)af-@ébicﬁlor[zw.Ej&GtFS-ﬁ)rﬂéﬁiﬁfum-cdrmxamide (0.3 and 1.0
, 3R) - N- ( 2- -pyridi t -1- .

azabi cycl o[ 2. 2. Cﬁ.g.)ﬁl@%%egﬁ%cg ﬁt)ro%t P %_@ %tg‘}yﬁg%g?ﬁb 5 p‘r)rlg%rgrﬁ%ggcr?ﬁ/%gr) ide or a
hydrate or sol Jlpwing subcetaeous griminisliatien ivEds: i al hydrates or sol vates.
Anot her aspect of thgurdp BeSites iah Y&ipEjcAGiciaSsessment, prepulse inhibition, indicating
(2S,3R) - (2-((3-pyrid nyl)nethyl):3- i no-1- ' >ardel@ne.
Anot her aspect t@a%‘i’grp\g‘f’%gédtﬁ?ééid)rﬁ’@%ﬁ? ’i%g?ﬁ"%%%&‘é’%ﬁ%‘?%@e“ﬁ%‘%%%@c%%‘ sition
conprising a comsinybriethy)-t-arabigycied2 RLIortydreneniurghgroasbrxagide fRipwn
phar maceut i cal lsypcat6edt abhRis@aibh. er . Anot her aspect of the present
invention is a nethad f Lr i [ Nk r vous system
di sorder, inflammat ﬁ%uﬁ? q)(gs)Aa'lkuns,?rg%sr' {g‘%é%\[}lésgoé ﬁ’?ég(? %ngﬁag%&%dgtc a?%"%ﬁ%f
adni ni steri ng #2SMPbE(B-pyridinimetyidarmoioyeleB3Iesh3-v) bengrieraB®bodi nent, t he
central nervousa®yside mdndaydeRhlodide, Sdtdlisiigaid abeslutb ytemnctainisey atthisn i n nor nal
neurotransmtter r LN | RS . stem
disorder is sel'& r%‘d%? g?ﬁ'crtﬁdl °§%§%‘g‘§?ﬁqﬁ%é§ﬁ%§d&? q%ﬁ&?kéﬁ%pggé%gfi}og menory
i mpai rment, pr avith gheifyil ortlered shipride asign pRd RARislY ocsypisteTeiRaueof WRteHRE®  seni | e
denenti a, derre%}m&ﬁc dite Al zheinmer's type, Al zheiner's disease, Lewy Body
dementia, mcro-infarct ntia, AlDS-rel at i -denenti a,
mul tiple cerebral i ﬁ?lﬁ? ﬁ%m‘%ﬁgﬁ{? f(fhﬁé%sﬁssoﬁ%eggfgﬂ?rﬂsgégﬁ&ééh%asnegés(se& Pick's
di sease, progr d3S8REN-EA6T-riridioymethyirAiazabicyelp 23 3lept-8 D) Berzpffag=; t ar di ve
gy]cs_ki _nesiha, hYQﬁfbK*dﬂﬁ&d;jrﬁonoﬁﬁi’doﬂlorid& balisHaty tetedosalit sWiedctiedistry ofthisent i on

eficit hyperactlyvl L spor.der I (6]
schi zophreni a, "&actfg”;"rzlif' %i?p\'/cée d";’/'tg% u”H@? ?rbﬁ%%ﬁn/ems? gﬁ?‘gifg%ﬁéreé Ep%qgvglesg&rgg@g f’%‘%"
obsessi ve- conpuhes¢rystaliograpiicdeads, of te upiipal; ke igtesmplaeuiarRydregsn eRds @hodi ment
the central nershemsassassheanhél. sorder |Is sel ected from Al zhei ner' s di sease,
mani a, attention defjci W SOF ent Qn [ il hvity
di sorder, anxiety, E' %rﬁé;(? %{L,’S%aggth’ezr%%hsrg&lr}eg{}ag%éﬁ@? ér\%@xﬁﬁ%? ﬁ%\%ﬁll on in
schi zophr eni a, (FRBRENE-Ehpyridbymaetiv)d-azahigyap -2 BodByh Parzelirang Tourette' s
syndr one. caRRINI& p-aidIssehzdale, b4idlisHirI dbsbiln Sfetdottieniighglotidies use of a
conpound of the r esent invention for the manufacture of a medi canent for
the treatnent df %{Péventi on of a central nervous system di sorder,
i nfl anmat i on, pai n, Figyre & iasiiaies deirowits efthe X-ay W'éﬁ'ﬁ@hﬁ #alyeis ot he centr al
nervous syst em @R SAy-KHeL-((3-Byridid@ATnPstiyg 1iazatsicybly [AR2]1adti3al) dbndfurdne-nor mal
neurotransmtter rel ease. In one enbodi ment, the central nervous system
di sorder is selected frommld cognitive -gnpairnent, age-associ ated nenory
i npai rment, pre-senile denentia, early onset Al zheiner's disease, senile
denentia, denentia of the Al zheiner's type, Al zheiner's disease, Lewy Body
dementia, mcro-infarct denentia, AIDS-related denmentia, H V-denentia,
mul tiple cerebral infarcts, Parkinsonism Parkinson's disease, Pick's
di sease, progressive supranucl ear pal sy, Huntington's chorea, tardive
dyski nesi a, hyperkinesia, mania, attention deficit disorder, attention
deficit hyperactivity disorder, anxiety, depression, dyslexia,
schi zophreni a, cognitive dysfunction in schizophrenia, depression,




I n the above-nmentioned nethods and uses, in one enbodi nent of the invention

the effective does is between about 1 ng and 10 ng per 24-hour period.

Anot her aspect of the present invention is a nethod for nanufacturing

(2S, 3R) -

N (2-((3-pyridinyOret hyl-1-azabicycl o[ 2. 2. 21oct - 311) benzof ur an- 2- car boxam d

e or a pharmaceutically acceptable salt thereof by sequential dynamc

E es?l( ution Snd cﬁ%&(aﬁ%@&ﬁﬁdbﬁ&oé@f&féﬂsﬁiﬂg h@iapstlutedsterddchemistry of thri1$ f
2-((3-pyridinyhnethyl-1-azabicyclo[2 2 2 - 3-_one. The scope o

the present in 'f"o%epfcg?gl“éggé‘wﬁ%rmé% ﬁnﬁg’?f%err\%caf_ aspects, enbodinents,

and pref erences herRigute tRidestratoea full chromatgyram ehatapariangioucieetisopeesf Nof  drug

candi dat es i NV@b.YesyrdRPmdthyBASazabiciel Bl 216ct-36/8 bérkgfuttp-2tdagbogdneids, edéresynt hesi s

and purificatiqn, i ng optinal, salt forns el In the

formul ati on of ?rt?r%gé%get‘f’ﬂgitfa%s&???k% eéeng?mtbﬁesﬁggfq‘g?\%%' e Z;E‘?”gf erably in a

formin which idemerstrateea peatabreteatinn tinelph Aid Mingtes e #7.8R deB¥glrateshR¥er at i ons

i ncl ude comrer Gi @leniidndite!of 82 nikfitedBdnd tRPSEIRINShRARY airdleramiitha@citiani ng.

Further, in the manufacture of dr conposi tion it s r t hat a
reliable, repr 6‘3’5@?% §: dﬁﬁ?ﬂbeéjg}%ef"aﬁ'? "BB'ED secrgcﬁ’(':r gdn?'{rag'? ':5 ?)O_rr[5 rEg(}r?éc%’faltd_ Sf drug is
provi ded fol | ovgsetytiend reswitingtin & torenesition of 6@14Q:9.2 hexanes:ethanol.depraplylgmine 8t abi | i ty,
solid state stalyiniy,with8dollsf Rhpelatubeof 207, sritru\ageidouien atagy edli ent's are al so
Shoul d pref or abl y bEbEaiRBRe XEP8EUIRENTE e ORPORERADL - BGeE 0L 00 o
periods of ti nmi22aetRalitbenzofira-3-campxamide mandhydeghioridniliyriatinahotglsesed; ve
conponent’ s ngﬁhﬁgaﬁ@ﬁdﬂw&éd (Gé}?dr)ﬁﬁtt@hé.sidtrﬁﬁaﬁé@T gre inl dgBecnteatth epect of |
conposi tion, | [ : . r 4ait is also
inportant to bé%é'@fués ?%dy'%?%\??%%h%r'h?te?ﬂ%as ? %F%k\ﬂﬁt%%m?%gg@éﬁ%rﬁ cally pure
as possi bl e. Thnsemens sasolption apd prefeared pripatationsifeds- cAsfleseriped kyein. Aurhst e det ai |

?SISO\év.R) LN(C<2) m()?umdi di_ffgr_ences mbip ﬁe lamms?@wm terhpdritGre BhiR SEHMO therubeervddtata S

, - - - pyr i di nynhnet - 1-

azabi cycl of 2. 2%ﬁ%8?"9?9%/%5%%12%F%?rgtﬁief-ngg?l%ucl)aﬁ%?rﬁagéfomrae%rrugtgrgr?tt é%?Kas Conmpound
A bel ow, or a phar nEg@ei$ isan XRPREE@EERLNG2-§Epyridnghmahydi-azabipiand A

Conpound A [2.2.306:-F BB A Sfur&OPERMEXEmide monotosylate.
N-(2-((3-pyridinyl)nmethyl-1-azabicycl o[ 2. 2. 21oct - 3-

Abenzof ur an- 2- car boxam de, a synthesis, and utility in nedical treatnent,
i s described i rPetsfledReeqiiptioof the bwent®ys t 0 Mazurov et al, herein

i ncorporated by ref g&g8i€ compound, (4368F3M-(@-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-
NS e SRR gt sy Pt e e
nicotinicr ece[NNﬂ s@Me_qua@qﬁ gfficacy in animal models of cognition (cognitive
N-(2((3- pyri di ryghandrhénitymd payeaddisquai @choi obast - 3- yCbenzof ur an- 2-
car boxani de cont ai ng.{ 4043y Blebdnt Rlantors BRI N EHa i fnahRE - Thus,
N( 2- (( 3- pyri di ragabieyeiply2Rlort-grylishzsjusan?-cargoxanide pr anhpupaeaytisellyaasrPEblear boxamn d
e occurs in fougat hbRLE ANSABRIspdcOE (F5,3R) MR (B-py i) methyd 1 REabidyBoR2.2l@ed (R, S) .
The (S, R), na”%—%)bén%%u%ﬁ)z-cairb%x%gg %usrtlxgstébr\'tially pure form, or a pharmaceutically
acceptable salt thereof. A further aspect is (2S,3R) N-(2-((3-pyridinyl)methyl-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide, substantially free of (25,38),
(2R,3S), or (2R,3R) isomers, or a pharmaceutically acceptable salt thereof.
Further, another aspect is stereoisomerically enriched (2S,3R)- N-(2-((3-
pyridinyl)methyl-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide, or a
pharmaceutically acceptable salt thereof. In one embodiment, the enantiomeric and/or
diastereomeric excess is 90% or greater. In one embodiment, the enantiomeric and/or

diastereomeric excess is 95% or greater. In one embodiment, the enantiomeric and/or
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Previously, it was believed that the predom nant stereoisoneric forns
produced in the reported synthesis, including US Patent 6,953,855, were
characterized by the cis relative configuration at the 2 and 3 positions of
t he 1-azabicyclo[2.2.2]octane (quinuclidine) ring. In other words, there
was an understanding that the cis diastereonmer (the (2R 3R) and the (2S, 35)
pair of enantioners), were the predom nant forns that resulted when

prepared by thg £t§.!8§ﬁérfé%xé£§£ Q@Q@ or JrBhtSr. @%r@rembaammhe é?fantlbrn%deﬁhdk&nt ly cis
synt hesi s, Pase

u nts of
the 2 and 3 pog'ﬁft?’ﬁﬂ“?f?&?“i?@%ﬁ gﬂ(?é’f%'rggtﬁr "Wﬂ?eﬂl?l ?ﬁ'ﬂ%’?tqge %ngh%r??ggéd& of the
i sol at ed di ast diastereemére ekaEssis@A&%tar graster.i nt er nedi ates to the coupling

constants reported Arﬂth%h%pédt Bﬁﬁ@ﬁrb@eﬁt inRfbn®ar(dcld)sak a2 3mec2a -
st ereochem cal out cone

Stry us
conpound mi xt uP¥idingymethyki- SW'WQS&% %§]°Ft'3[3@5%rlzg?l“ E\Aﬁatéﬁxarmé#eéwgéﬁggul%edc(%r awa et
al ., Med. Chemis skB(t6) frorﬁByRirdi:ﬁlnc(W@fumldwmﬁPMth agid, malgis@eidifedr on Lett .
35(32): 5939- SRR nbstiGH acid®Pidtiant (Mbﬁ&h@b%dnﬂé}i@ L) rtﬁfaﬂéinclamd,r ef erence.
Thus, there was an expectafion t q ? confiqu a]ttlr(?cna Splaﬁ f or med.
As such, the bmﬂﬁg‘?segqmcaﬁgs’?uaﬁas OtCHmE’*?‘PéS“ 3‘{9 POduc S t hat
wer e presurred atitlr inloué abbeinient, tHestophieuetmni qié&&ﬁ)ﬂ*s(%@r?l&'ﬂ@wﬂ@?ﬁhﬂﬁ | t

has now been dh?a%\jﬁﬂé‘ge o¥tL33y|)?6e|{z€Mra?l12fJan%%m@é“to%%EM% #1,af1, 6rystial | i ne sal t
forms and anal

nant di astereone e
original synt h88? &mkggiment, Wefsg?t“g"’mftﬂ’és 5 0S FPReSImS eoc‘;FrI%rp Qe%gﬁ‘?'ﬁﬁ*é‘[&%s?e it
has been di scovyas,3R)-N-(24(3-fyhdiny)methy)ykazabioyaialzs2 gloets-Wbrnzefirans3- r el at i ve
fS: g;negﬁgeg‘ngt L)g?rbSB%RfdﬁBeh ?rb%é&nﬁ%&@yd@@%r EJk%(t:e(tBEReéiS)nclucﬁHgfpﬁmﬁ I\t}%&’é&ﬁb 1.?1nt Ie al lTKe
i i il su
(2S,3R) confi gﬁ?'éﬁt?sorﬁf“@?ﬁﬁ'&ﬂ?@%t s ﬁ%\és%%\égt@ PV”‘t"P‘f"‘“QF‘ 7. Wt%pf urt her
anal ysis, it hasabipgesi2.8i2lbcElgbenkoturentl-@hepanigeimanohytsooh a‘ﬂ%é‘d‘b’@f@ﬁe@él
g[ gfgglt [ngre ﬁ 2arsolglél?{hbl:@ﬁpsnslpdlﬁgtpaf’tfaﬂ’%rale}s ofshlateal the ot Iher three
st er eoi soner s, maéJ thteﬁ%sPP%{f?gthﬁg@se'%'ﬁ‘éenﬁ?r\ s %%Lgﬁ‘g é)(gaigqu %Eh W& report ed

inthe literat lammo 1-azabicyclo[2.2.2]octane.

(28b3R) Ng 2- Eg PyrArs&Havéépa&bhmé }:reée‘r@%@éhh&%’@h@ﬂéfmaceaildacdmﬁoytﬁnenz(ﬁf ur ;;mNa-R
car boxani de oun i v e a
receptor with &° %’f?ﬁ‘lgl?ﬁgmﬁ"wngﬁ}hth%gﬁye(‘? Bveng b va ?%ﬁ%or%%t%&%%%& ood

separ ati on bet weeptaBl€sariemd t he | C50 (for residual inhibition), pI’OVI di ng

functional agoni sm Qyfer 8pREQRHe msmmoénu&rhe R afeeidt ic Bbdtig trpedvehting a
concentrations. || Scal

abl e e
(2S, 3R) - N- (24( Senta ReAYAS EX?Le{Th‘fﬁV"j‘}ei @?’35’?“&0" pap 9" %O\ffcm%rgatgm: TSI an- 2- car
boxani de aBaintstesiog acong)pnmdmmecpm%rémyem@ﬁ ylnione emegdimenidhesntalty t o

scal e-up. Reactj,RHs% s%t@mfdﬁyﬂagr id é\fakécfégzédrby'fah Stdratﬁbw riokyal héur®@nseigdred- up f or
ot e e bt AR, P Bk R S BT SE e DR MBS st
and reaction y|cegmtwe mpamnefﬂ-megysmheg imemgfy impairment, pre- senﬂe dementia, early

(ZOSeﬁRéf N g ﬁ( (2 %ngafmzﬂ%ﬂ]ws)ede%amaenk @ezqeeghe(e:ngdwa{na oPnoApeimdspe,
Z0T U u
k AREoE ittt oy oS ERle RBROAER ot s Bl

kil ogram quanti reactions ave been
carried out on dembitia, RiVidegestia mgltam@cerwrainn@emc@uP@rkd\son!w Parkinpi'ss$sePeh| e

?g?z geSI S gt il ;?&% dRehdd, ﬁrb&eéiW@@ﬁEr@nuEl@ Ié?'l—@?tlr@fon@ ché&éd; rrdiaddyskikasiapne
ridinyffme an

st er eoggl ecti zeh Peém%t% Bﬂ"‘%ﬁg?'ﬁ'gx%ﬂf'{é S tﬁ??ﬁ'@ﬂdélcle%m%q &Qoq%ee’rl vative

(reductive am reaxiptprdepebsitndystosis cichizabhlepiaosrgnitfusalygiynetiondin sehizopiaritces

reported herei Qie?v"e@slcfne9@9$s‘2§/e%§r%@$ﬂeedls%ﬂﬁrsayrq'odreﬁ@é SyBlomE! Rk C
purifications. | garatlono novel

(2S, 3R) - N- ( 2- Os,enmﬁlmapt eﬁ%\lrﬁ rvous system dlso%er is segfected fro];n Alzheimer's disease,
azabi cycl o] 2. 2.r¥nec atteBtionCipéisitziisorden nttavionddficityneraetivity disorder, anxiety, dyslexia,



(2S,3R) -N-(2-((3-PyridinyOret hyl - 1- azabi cycl o[ 2. 2. 2] oct - 3- yebenzof ur an- 2-
carboxam de as a free base is an anorphous powder with very limted water
solubility. The free base will react with both inorganic and organi c acids
to make certain acid addition salts that have physical and chem cal
properties that are advantageous for the preparation of pharnmaceuti cal
conpositions, including but not limted to crystallinity, water solubility,

and stability. sieRpslRh cBymivebjsfunefontifnsadhtehiapdeptddsion biespedte- i nventi on can
vary. Dependlln\%désp% the‘_ mapner Qré g/hi ch the salts described herein
are forned, th&TRYTEER eﬁa?/eoif?@esi A" uctures that occlude sol vents
that are present dufothgr sspeet of he prasdnbinventiqincludesdsehp eYMRoNAd Ffdur  as

thr ?tz eSBa;ld og%mmbﬁﬁgﬁ Q)?}h@fma\ﬁﬁédf&ragf Sh6dicaeaTS tiatreafmenndrpeaventioab@at i ve to
t he 5 3R -N-(2-0-pyridin thyl-1- . . -

hoabl oyl of 2. 2 S VPRI et I emmalon, e, qreovescuarzgion. leng o ¢ o
preparing the smbpdimenttee eaatialnaivgus syiem diserpelissghp@ptedzed by an alteration in

(2S, 3R) - N( 24( 3yl AurdHEREil keicks @ 2iA Bhaatfboaimeni ihd Lertiat idryp(bemsmarl ur an- 2- carb

oxami de salt forns, generally involves:. (i) mxing.t ase or a

sol ution of t h@gsf’?dg'gs Bg%cge,d f')r{?ﬁ‘r{@\df‘)?@g? @@a?r'ﬂfrtt’f%'-gssoggteé Ffiod

pyri di nyOnet hy Imgaireathiprepiile pomentia]eady orgetyAlzhpisvrodispash senile 4eBetani de in a
sui :agl e SO: Vervfm%tfaf&f A8 ARRdifle t ,Alﬂ{eini%i’_s aiséégb,ULémrBloei defienti; intiso-i N - a t
sui tabl e sol vent,; copl.i.n resu : . necessary to
cause precipi té'ff‘)i“f)t%gﬁ%?t'a(&bgjrg%tﬁ%lf&r%enga’glltij\l}'?%ﬁ%g;’Eﬁt"r'f? 'ﬁl? géﬂﬁ%lﬁ?ﬁ{c@ cause d
preci pi tation; Rerkinsprigm,Batdneenis dispgse; Risk's flipepse, PEINASHYC WRENUCRH PRISYa new

sol vent and r epeatidghd's@hérbeL tardildySkitdsR) hyPérkinésti) mbhib Rtentiamdeficit tisgrddrj | t eri ng

and col lecting the resultin | £ . . L , -
(28,3R)-N-(2-( 9“;_)'}9? |ge ”lc'Jﬁésfpf %\%@ﬁﬂ/‘%goiqeé’zagﬂftk‘ymf ﬁrg sﬁﬁ%?&%’?%?ﬂ%@ﬁk of uran-2-c
arboxani de i s spenitvedysiunsiiandmsahizortyaniac drpERssiph obreesiaRopH IRk disordess or

enant i oneri ¢ angdlfte déaslhme & MiBHs cbBAiRefRShé enBA HeRbusayerh @isordérs one

enbodi nment, the antioneric and/or diast J.C e o 9% or
oreater.Ih ond BHBbITART e amge i RO GR R Shorin ik 0T
i s 98% or gr eathwperadtivitysiiserdenpuxiitreyplexia; sebizepheeniaj eogaitivedysfHrption in

di aster eoneri c seMLRhRnikSIePRYSIEH, olibeMle@bmplisivetiidrdehadionné’s synteme.

enant i oneri ¢ and/ or , gl 451 SLEURE bisSH RESRol § a BAmSNOL NGB8 pvonion. _ ThE
stoi chionetry, sol vent om , SO afe concen?ratlon, and tenperature enpl oyed
can vary. Repr derase intheteoatseanterpreyention of accentryd seneus §vsien BiFdpRir e or

reCLySt F" lize titli'fﬁmlﬁﬁlicltn, i)&ﬁ’ﬂ, Fﬁndoﬂﬁdculﬁﬁ&atidtﬂ H‘tlfmtembbdrfhéra,tthmntrﬂhbﬁml »

met hanol , isoprg a 0 . ril e.
Exanpl es of sgise’%%rp g's%rﬁé;rr'srr%ﬁgéag% %:egl%ﬁf}n g’?:e(?%lg? g‘%ﬁéﬁlgﬁu{@gﬁsﬁ@? eﬁgég%s_zr}folbgani C
aci d addition suapembediednt ke ashirad perveuis systesmpligsder i fefegied frop Aid proaite  and
nitrate; organijgpaeict agiiskbdifedrdridly Fipaifnéts pRcRhitt ®meofiRl, 8arlyansd e,

propionate, s uc&zlhg%[e?é dise%%é,%ter%lb dg%é/rﬁig,l oaan%htia of the Alzheimer’s type, Alzheimer’s

disease, Lewy Body dementia, micro-infarct dementia, AIDS-related dementia, HIV-

dementia, multiple cerebral infarcts, Parkinsonism, Parkinson’s disease, Pick’s disease,
progressive supranuclear palsy, Huntington’s chorea, tardive dyskinesia, hyperkinesia,
mania, attention deficit disorder, attention deficit hyperactivity disorder, anxiety,
depression, dyslexia, schizophrenia, cognitive dysfunction in schizophrenia, depression,
obsessive-compulsive disorders, or Tourette’s syndrome. In one embodiment, the
central nervous system disorder is selected from Alzheimer’s disease, mania, attention
deficit disorder, attention deficit hyperactivity disorder, anxiety, dyslexia, schizophrenia,
cognitive dysfunction in schizophrenia, depression, obsessive-compulsive disorders, or
Tourette’s syndrome.



mal ate, tartrate, citrate, naleate, fumarate, nethanesulfonate,

p-tol uenesul fonate, and ascorbate; and salts wth am no acids such as
aspartate and glutamate. The salts may be in sone cases hydrates or ethanol
sol vates. Representative salts are provided as described in U S. Patent
Nos. 5,597,919 to Dull et al., 5,616,716 to Dull et al. and 5,663,356 to
Fluecroft at al, each of which is incorporated by reference. Sal t

screening for the fpee Basemétehed el arlbds, Mbhb Binpetindrestelindention
-azabi cycl o[ 2. 2. 2] oct - 3-$/Ooenzof ur an-12- ca{ép&(am dg I gvregrlio%d that, while nmany
salts of phar miftcifestie fees ishepash apub 28 RRETLBAPY 2BE°YEFREY, only a few of

t hese salts had accepthebispegobhepresasinfaptiondoamethed iof marufasiued @P8R)The
ability to pregiglatdea 11edzhisidybi6 &E& mliicehRerdyo-cartsamme el |y vi abl e
salt, theref orgu&égeagsdﬁ@pﬁg@?s?g Ayibd% t hat e%’hﬁ\éi d%(lic rgs%ll iSh &r@at wer e
crystalline, n&hﬁ’wceé’a?af'%a?ﬁ%{?b%ﬂﬁﬁé?F@isgqléé‘ JEGYEe™ 6T trystal linity,
dependent upon stenm@setedtitroddigyivadminstion ¢fé2-(Arpwidjpypriltvetrazabisrtiddie 2Rgtid- ochl ori ¢
acid, sulfuricggid, phosphoric acid, p-toluenesulfonic acid, galactaric
(mucic) acid, Dnmandelic acid, D-tartaric acid t han fonic acid, R
and S-10- canphor sul TeGRPRe %W@?FGW@%@ ‘Qﬁ'wge,s a"(%%%gnéqaﬁ?ngﬁ)r%s’pg%'d and

hi ppuric aci d. e@bodilness asdpreerencdsneteindiessrheédri ¢ aci d, phosphoric acid,

mal ei ¢ acid and p-tpldieRaskd QVbBpRGE 6 iR dafcidReiinvenéd hirlyetbps detidingnal

desirabl e properties,. including, high Ltir i nt t olubility,
and | ow hygr os &g ik e CW%S"@WE?%%’PE’?’['ftng‘{']ogsfpnlg'ﬁg £ ﬁiénsaggagg?r S a&gﬁ%

unexpect ed. | VlikiHathedarmulaiianal dap pprawitionsrise drug substapgs ippraferpkydlA form|
_cormﬁsi tions ofinjhigh i%a%%@ﬁ&nv%ﬁ]é’rﬁl?hérﬂfédiaﬁ@brﬂda_@se_ich@oﬁs’id!dréiipﬁkﬁiﬁﬁidebed her eid n,
in the pure state or.|n the formof a con itip e conpounds
are conbi ned vviGP’I’?mﬁ?‘fﬂ?l %?bﬂ'grasﬂﬁgﬁﬂﬁf’@gg\e?cgé? 'ﬁ%"”@%’@rﬂ% ir#ll)‘%ur'g?g%uct, whi ch can
be inert or physinoladgiechiing campositens, s npogant thel svglighleaieniedediia and|

conposi tions cagndpt piagth ddAcdNiraieR Blofid of & iglis biovidedioliolirpikifdistrationdo S Ubj ect
susceptible to Sﬁch a condition or disorder, and/or to treat a subject
suffering fromf @condi tion or disorder. The phar maceuti cal conpositions
descri bed herei n i n€hamieal sthizility spfidstatestalfility; ans “pra §iehef thepctvetingserioniid/ or

phar maceut i cal e A§CRALIRBbRANGAESE. ThI@dubstance, and EorBpdtiizaiontaininghlj ch t he

conpounds are adni ni ste can vary. The c L . r rably
adm ni st er ed Orsg?trkglprettg(aégge F?Paf"ie&wedf‘gf%??%W?ﬁ’%ﬁgv@f?g@’%ﬁ’{e%s‘? ﬁ%ﬁ og_s an
aqueous or non-taguwitheut exhibitiigch significet change i thapiclive compeneats pPhysifasghemical
conposi tions f QhaétdkstiddBlghitsThémibdl @bmpdamibr) densiy, hydiescopidry aissolbiigs ul es,

caplets, syrup and sol uti.ons, .Jncluding b | ati
time-rel ease cjﬂ%r?ﬁ"grs’.%'s SR IBR ANt ag’?eetﬂg ?V?%gﬁugg'eaqgénpnwd@%,é% ﬁ%r%rg @
col orants, sol udvid dspessigle. aFndse featules Ridhe inEniiAre disgyssegddhmere defgd PRIt ed i n
unit dose form or in nmultiple or subunit doses. Preferred conpositions are
inliquid or seim' soIidJeorm Compositions including a |liquid
phar maceut i cal I'yCPRBPY"%Farrier such as water or other pharmaceutically
conpati bl e |iquids ®he semposs df the preaent weniicr iy (2SrPR-NIZ-(3-Hyridhydmetgui ds and
sem sol i ds is wghbicysR@WPidRaleheofidhn-8karbxamitie! rBgrestnted as Compouhb @

i ia,.l i ntravenously,

conposi tions can, al'so be adm nistered via, . injectl L n€.,

i ntranuscul arl fb&bﬂﬁﬂ?ﬁﬁ@ﬁﬁ%?@&aﬁﬁ??%ﬁé@“?@%éﬁ#hﬁ&mpﬁﬁraarteriaIIy,
intrathecally; and intracerebroventricularly. Intravenous adm nistration is
the preferred nmethod of injection. Suitable carriers for Injection are well
known to those of skill in the art and include 5% dextrose sol utions,
sal i ne, and phosphate-buffered saline. The drug product can al so be
adm ni stered as an infusion or injection (e.g., as a suspension or as an
enul sion in a pharmaceutically acceptable liquid or m xture of |iquids).
The formul ati ons can al so be adm ni stered using other neans, for exanple,
rectal adm nistration. Formul ations useful for rectal adm nistration, such
as suppositories, are well known to those of skill in the art. The drug
product can al so be adm nistered by inhalation (e..g., in the formof an
aerosol either nasally or using delivery articles of the type set forth in
U S. Patent No. 4,922,901 to Brooks at al.g, the disclosure of which is
incorporated herein in its entirety); topically (e.g., in lotion form;
transdermally (e.g., using a transdermal patch) or iontophoretically; or by
subl i ngual or buccal adm nistration. Although it is possible to adm nister

a conmpound in the formof a bulk active chemcal, it is preferred to
present a drug product in the formof a pharmaceutical conposition or
formul ation for efficient and effective adm nistration. Exenpl ary

met hods for adm nistering conpounds will be apparent to the skilled
artisan. The useful ness of these fornulations can depend on the particular



O her suitable nmethods for adm nistering the conpounds of the present
invention are described in U S. Patent No. 5,604,231 to Smth et al., the
contents of which are hereby incorporated by reference. In an
enbodi mrent of the present invention and as will be appreciated by those
skilled in the art, the conpound of the present invention nmay be
adm ni stered in conbination with other therapeutic conpounds. For exanpl e,
a conmpound of this invention can be used in conmbination with other NNR
| i gands (such as varenicline), antioxidants (sush—as free radical
scavengi ng agents), antibacterial agents (such Renicillin antibiotics),
antiviral agents (such as nucl eosi de anal o@¥; 7z dovudl ne and
acyclovir), anticoagulants (such as rfarin)f\s- -inflammat ory agents
(such as NSAIDs), anti-pyretic qg- Zsygnesthetics (such as used in
surgery), acetylcholinesteras (such as donepezil and
gal antam ne), antipsychotics (S operidol, clozapine, ol anzapine,
and queti api ne), imune-suppr esHpgt §. h as cycl osporin and
nmet hotrexate), neuroprotective agents|{ steroids (such as steroid hornones),
corticosteroids (such as dexanet haso pr edi sone, and hydrocorti sone),
vitam ns, mnerals, nutraceuticals, §\;)depressants (such as i m pram ne,

r

A
G

fl uoxeti ne, paroxetine, escitalopr traline, venlafaxine, and

dul oxetine), anxiolytics (such as a | am and buspirone),

anti convul sants (such as phenytoi n and gabapentin), vasodilators (such as
prazosin and sildenafil), nood stabilizers (such as val proate and

ari pi prazol e), anti-cancer drugs (suchompeuatfi proliferatives),

ant i hyp_elr t ens;lveI agﬂi’btrtace('rﬁd%l pa@tdﬁw@rmtpytidsnylmnemyzdLazebscyangma&-pe, )
verapani |, an mesart an axatives, .Stool . r r such as
t ur oseni de), aHB@qng%grgp{%;[c%\@gxa&c%C%syggweaf.g{}%th&%{]@?@gaéﬁﬁtr?%'yslﬁéﬁg@eé agent s,
and anti - ul cer imggPetantNon6 955856 1o Mazuey ehaphesgininegyporated by refefeace: onpounds  of
the present inventi QiceRRIN-B(EREIRNRRBIIL ORAbIB CIO[2R. BeHiysenksiiraret h ot her

. bo. adi i cabRimAsse Rab p Dy 8t oo AR b Gaa Nodfik kol Cnt o
separately, adrtNNR) tRagemioN-(E-€§-prisinybmethyiiazahicyeleld2logk3-wibgureiwand-l y, i n any
order. The anpugipsxdidd ddftams MR etidallREBBiiReddifbonatnse TAlS, eerhic N Ngs  of

adm ni stration | be sel ed Ln hj 4 1 1er apeutic
ffect. The adfetPorPRVIBHR Y eiBrRaeros PRl Lt Ehusie

conconi tant |y ifeur stetepisemerriermarnamely 49,6k BB) (HB): ardbfpdsThe GR)i eelydi ng

mul tipl e conpoypgisr), Rlcomduna@par at e pharmaceutical conpositions each

i ncludi ng one of thg conpounds. Al ternatively. ' ] be

adm ni stgred separ aF @W&g?ynk'ga%%eaﬁvgﬁﬁag e%ﬁ%%'?an&ﬁhtg?eég‘?\m%ﬁz&'{nrggg%ﬁt agent

i s admi ni st er edn thereportecraynthesis, ivcihiding 42 Batant 6953.95% wetpsharacterad by Wegisent i al

admi ni ft rati Otn_ rBiBiK/e REnfig LA ot mlebiatn@s thisitfoﬁ{@ttt%tf-&kabibmb[zél_i]@cté:r@?pgy nds dof the
resent invention e used In the treatnen v . of disorders

gnd condi ti ons %W&I‘g%%e?g%ﬂ? &Pﬁé”%%r}%fﬁwaéa%ﬁ"“’? %%ng"?%@étlﬁ"?é %{'Snventi on may be

used in conbi nalidstareoniet thes(2R3R] andyhed®S 88)neir oberantpnies).tiees thp BgHeRNYent s

useful in the tpaatwesuRE wasPRBYEraKlyIhdbpdraa sRthdis oiemiifaten i ti ons.

The appropriate dpse of the compound is f i " event
occurrence of tqﬁ%é%w&yocffssygtﬁeﬁr%‘gasg&? as‘f‘%?%i’é B)al F&_‘? g%r%g{} %Ogg HSBC%L I_Mgff&n%%ag{?s of the
di sorder from wiithet? anH@ ppsitidndpdroganintidleiof thaguinusliding ringand eifthedeqiqted anpunt ",
"therapeutic argustdreontefic (fahe sy BtcftRsRitesitS theeaupling ddbdtaradpdrtedRihé i cient to

elicit the desiyed pharmacpological of therapeutic e . resulting
in effective pr'@‘??%ﬂ'}fgiadﬁOBE'SkWe%é‘?%HtS{GEﬁOC eﬁ‘é‘:% uicgpgé’g&gg%%etlé %ésaﬁt reating
a CNS di sor der ,usashtogirdduce the eonsneundinixivfe, Byoanaloanis theditesaiurgnitirieferenestpci ent to
pass across theybbeRerdd! fiveaeHem. f(6)0587L598 (RIFb) pa Witi et 8., Demhedion L&l evant

receptor sites jn t [ f e subject. and to modul ate-the .activity of
rel evant NNR sﬁ%g‘gs#é}&a%g%r %cgl? ?fd"%ﬁ’lgﬁFed??oécﬁ%a&ﬁdt er ergec&g ?'sotr?,%%t hus

resul ting in efwascnieweecptiontbaitheors aonfiguration weuit bajprmerdeAgisusbrtarbiglodionh exanpl e
of prevention of a disorder is manifested by delaying the onset of the
synptons of the disorder. An exanple of tgeatnent of a disorder is

mani fested by a decrease in the synptons associated with the disorder or an
anelioration of the recurrence of the synptons of the disorder. Preferably,
the effective anount is sufficient to obtain the desired result, but
insufficient to cause appreci able side effects.



The effective dose can vary, depending upon factors such as the condition
of the patient, the severity of the synptons of the disorder, and the
manner in which the pharnaceutical conposition is adm nistered. For human
patients, the effective dose of typical conpounds generally requires

adm ni stering the conpound in an anount sufficient to nodulate the activity
of relevant NNRs, but the anmount should be insufficient to induce effects

on skel etal nusGligpwitiich dedrtd foduded@duits inaidré rasimedagiRtblethiteef f ect i ve
dose of conpounds, w differ frompatient to patient, but in

o |1, of course
general i ncl ud@SIRBEHCE ST Ny where ONS effects or other desired
t her apeuti c ef f ect sit basaaw bbert digsevared, vineraydiitastiondnalyss ehoeigling saife®et s are

observed. and BYRaIdg8 TR ﬁﬁ@ﬁed@ﬁﬁﬁﬁth%&drgﬂﬁé@dﬂuc%ﬁe _eﬁgn{aommebiﬂw;&é fective
anounts I n accor e wth tnhe net S _desgcriped r , ovi de sone
degree of pr evé’h‘gggﬁe BensREePBE ! egé]’gti'egﬁo%’f't,. agﬁ%ﬁ%i%gé@gegégn&géﬁi of, or
amel i orate, t o esatiemgeyitethe tararelpivesteraspiemisyy, rensly de (83.88randitheor ders. The
ef fective anmounissg)f difid eRtapRIPALH e a’tbiﬁeltib{meﬁlali)iltty’t_oh}ﬂér@at/\nﬁtlﬂmefuh]lcmmhol d |
concentration requir iclt an reci,abl e sj di ects, for exanple
those effects FE&%"FT ﬁg" {Zg’%b@(f"h?‘ﬁ%omo%&gmgﬁ G alteg.%c@[%é conpounds can be
admi ni stered in a tWéhlpeaanalysis ihtrswepmdisdavased thatCompeundRdasnd ot her

di sorders are thamassogharbrsRitledinat ddtifguishitiomt §edth@f Y otherarree | deal |y, the

ef fective dose of the ¢ ounds scrl bed h .0 i [ .Ci provi de
the desired ef fsgeéet%smﬂﬁr&%g%)eﬁé"dmdg%ﬁd@Ehet')‘ﬂg urfg_{aﬁrfl%l_’tﬂfc'té rlegflﬁer{\ér&(\lﬁ Bglﬁh%i s not at
a hi gh enough Irecgmiate; and iij) ptyer aTdNNigerdsirepsorted igitheditegatyract s. Preferably, the
conpounds are adn nioSiel-RE- (@ PyRdSAERER)-Slakandtive 2 RpEt-3-yipatdongartie CVS or

ot her disorders_but l|ess than ften | . e t han

1/ 10, the armur‘f'r%?)g%(f%r@am‘f’%m% ﬁ%%t%'?glég%ﬁ%m?\é’@maiéné?tect $ﬂ%§%ﬁéﬁ§isgni ficant
degr ee. Vit B resaskably 3oy §Cso Eerfagiivetiani valussnd agped separglignpeiwein ECs
concentrati ons,andMheNE, (B résidubl igfifitRR), Prodting RBGIBAl @gbnisth deCalsroadvabde ot M ni nuM
of side effects. Typicall the effective dose of such conpounds generally
requi res adm n?@%@D\éﬁt%@t%gmccgﬂ%gﬁaﬁ'agsi'n an anount of |ess than 5 ng/kg of
patient weight. Oten, the conpounds of the present invention are

admi ln: st elr ed i mh@aalageuwthéﬁm(tfsn)-rg-tna«a-muwl)ﬂ:gmgn-k@;mé;?m[z.mjognrt and
usually less than about 1 of patient weight, but frequently

bet ween about fd’q’;lﬁ'an °8“'%‘?e%§9’t”§%m'§%o pg/ kg of patient weight. The foregoing
effective doses typPattulaysynisticsiensvaty idtheinamanaRilita@frae s -JReGiRS a® singl e
doseh or as ongod IdMﬂ@in%?@Bili@Md&@é@ﬂﬁdrMéty&f rddsond) etudipg saferg. ¥
For human patients. t LVE. C e neral ly
requires adm nicg%cee'rmlshrﬁgqeﬁieexgggrfﬁbcgﬁﬁ%ﬂ?Vﬁrfgfﬁvoggr‘%%t%%?&g{m régg@te&gbout 1, often
at | east about (thermogyngmios ogkieaies)yangdreactordieldabout 100 ng/ 24 hr/ patient.

For human pati ent s, TRdntédies (29/3R)IPRE(EPyridinghinstay-1cREREIBRR. @481 I €S

adm nistering the ¢ ound.whi ¢ ner al | t 500, often
does not exceedﬁgﬁ%ﬁfl ﬁ'gi??rb%a@'%rog%ﬂ' ?fﬁ'efléﬁa@%?%%ol?segggé%%g‘g%@%gié%oo ng/ 24
hr/ patient. | ruadidesdf oateriahanddeagempprenbiaactionschayelbesncaaderd vy malini ni st er ed
at an effecti veispsesauannigipéldt he concentration of the conpound within the
pl asma of the patie noraal | . nat . es not

exceed 30 ng/ni, anﬁﬁefSrcgla?r}gﬁ‘f%fggg@é&%&ﬁg@ggﬂé?ﬁg%ﬂﬁ?Q%Ctﬁﬁgﬁgg_enbodi ment
of the present keiepe(R{Gpyndipymsthy-d ezabicyeleld 8 2jostaprdon@afid fsirrecselddvaind 10 ny

in a 23- Eour pasduatibn df We (i-heyisdnzjikmiRgimlealeMRaeLtddadive Salnpias) dfittens

As used herein, y i St" 1S [ ' Lhdi ng
partner, typi cé?ﬁ%ﬁ' e%%%g'%épt oﬂe sgs‘p%télggé@g%girééﬁg&eq%&%’g&%ﬁ&tﬂ eécélgtr’:?g@tj of the
particul ar assayoidghromalpgrarhicnutigetiens:- in the literature froma di scussion
herein that makes a conparison to a factor or substance that is accepted as
an "agonist" or "antagani st h Lt GUL 3k bi.adi Lt ner under
substantially o 'FB?“‘@?’?%’u"r%?‘gﬁ@L°§}“§§f Q%;?&@H%ﬁé&%@%ﬂ%&@ﬁéf skill in the
art. Stinul ati cabieyclai22gloct-srglbenzofrandsqaehaxamilean j ncrease in a particul ar
effect or function that is Induced by interaction of the agonist or partial
agoni st with a binding partner and can include allosteric effects. As
used herein, an "antagonist" is a substange that inhibits its binding
partner, typically a receptor. Inhibition is defined in the context of the
particul ar assay, or may be apparent in the literature froma discussion
herein that nmakes a conparison to a factor or substance that is accepted as
an "agoni st" or an "antagonist" of the particular binding partner under
substantially simlar circunstances as appreciated by those of skill in the
art. Inhibition nmay be defined with respect to a decrease in a particular
effect or function that is induced by interaction of the antagonist wth a
bi ndi ng partner, and can include allosteric effects. As used herein



As used herein, nodul ation of a receptor includes agonism partial agonism
antagoni sm partial antagonism or inverse agonismof a receptor. As
used herein, neurotransmtters whose release is nediated by the conpounds
descri bed herein include, but are not limted to, acetylcholine, dopam ne,
nor epi nephrine, serotonin, and glutamate, and the conpounds descri bed
herein function as nodul ators at the a7 subtype of the CNS NNFis. As

Usgd hereiﬂ the t qp41BR)- r@(ze«@mb.ﬁ meﬁfyli@araemmmz]&t siylisdnastaranny degrge of
reduclt n t he rogress| on sordaer,
Dt on. "eHEOERRRR A Ipe ee S Ao P aR I v iniief BBRSG ety 0 O

or condition. X ect | Ve e al'nst
particul ar di s&besfese bdsswil chart with poth iatgianie %@a"W@ICIIdS Eﬁ’s&“aéfﬁﬁ?ﬂaﬁ‘ra&tdi on of the

recurrence of fiiofll 's§lf§Ql$a¢ ha@'pﬁﬁfcﬂl@i’nd clRimicaPpteiberticd that drb davantagechis ir ther  aspect ,

t he i nvention prov or treatl at risk of
devel opi ng or S?B@?tf%ﬁ&&ﬁﬂnﬁe&'&‘ﬁf"}'@oﬁg@ er%@vnétﬁﬁkehﬁ?!%%lmﬂg

di sorder. The wetapsiubiity, andctaplitir mwmw efdhgesds efithprsessnt "t“f?é"'q”r?@%ntl on
may be used toygaghi eve a benefl cial therapeutic or prophylactic effect, for
exanple, in a subj a unct,i t v the
free base and salt e@ﬁ‘\% 8”%?1%”% "(=‘5r:17"t(ahnt elsarlf\s/gestcf'%eﬁ%ﬁ%@ ?%ftog%%fﬁe a7 NNR
subt ype, char asalischsiave costalistrect@piShataadudesalvesds that@er mrereniiuedN@esdti ng or

t rg?‘ti ng \\//\ﬁ'“ ﬁ?b‘im&@ﬂdfﬁdsocﬂ§séh§ caH &:&Er@@hﬁiratéd b(hb@dief@lvbh@ﬁﬂlaﬁﬁngéhe C'c\ils I nb
subj ects which _have aor ar or disorders, by
modul ation of EREMEHS Nﬁ?zsgfvﬁqym%@o ?@st%a Qﬁg’%ﬂ*”f"?‘gﬁt o selectively

bi nd to the a7artRyeid28lepridbenip @erﬁaE?O{ﬁ'm‘i'ermcol ogy, for exanple, to act

as agoni sts, petal 1agetolSor prPhrg Gaisak HrmEcGnd&FCThdyeehardtion ofgXH BRI,
Corrpou_nds Of t %@g@?@ﬁéimet@YF a'b%yc’lcfg\@ %oct%ﬁ@]:&'z&hr% QQat'ngaﬁIIJe%%k bofifs 2MouUNnt s

to patients in prov ree o prevention of the
progressi on of geﬂeea"mwlvﬁssorder namel y, providing protective effects,

anel i oration 0$ mag ﬁ\)émi’@é e@ oPh sdlliten G1E fhe3RE6] @amelP2SAMENI(@H(@t i on of the
Eg%gﬂaggngf ? Hgldgllylgget I- 1arz1a g:l){cho [2. 29@:@3 @ggﬁyoﬁga%'zoﬁ{bt&ﬁﬁﬁé)&\ ‘a suitable The

or prevent those
types of condi spleamswittran agldaeridenes afelptiopef amacksts fined sultghlesoivent n| cotinic
conpounds have sﬁ?&ﬁhr@t@@@&@lﬂ\g@élt slllorg h(ﬁu\&sieﬁy B eauss efedipitatisn;toher apeut i cs.

See, for exarrpll%)ﬁcIln o fta%{ Qggavég‘{tgv ‘%)g%%v‘s;i’i%&herel nabove, as well as

WIlliams et al Arneric at al., CNS
Drug Rev. 1(1) (ucn_evggqrgtg)gy)e flr%pcp{\@nt de@gdlag ane entagp fppea;twgégrter Stﬂ’stjgs 5(1):
79-100(1996), Brpehwpidoyeihdal ., J. Pharmaci st Exp. Ther. 279: 1413 (1996),

Lippiello et a Ph y. 279: 1422 (1996), Damaj et al.
J. Pharnacol . I‘é)?f"te”?ﬁanﬁaggéi%@@gé 5'5’9%5? Chiari et al., Anest he5|ol ogy 91:
1447 (1999), Lavandnﬁwmbqﬂmntzihgé%% (2A£?e@f'ﬂ@§>m1h&g1yazg‘i'°\/°@f?5% Jpot999)
Hol | aday et al 3.,y)denzfadn-2CaMBxanidd(i28dreciéchiicdid efrbASH! )in ofdasmibodiment, tb .

Sci ence 279: 77 / 3 /40682
Snd S, pat eneridamets aptqaireleldstdiss i p0% o bhg ompldme ol

al ., 5,604, 231 enantignericiandior didsterepmeric exgsss inre PO f e @nbegiment the,

di scl osures of ewéuusrher&remdfoma&dwn@tneskcb@neeg% biygréaadre meshe embbdientaigar d t o
such t herapeut Ie(rglan |§%?Cnc| angfﬁr I%ster?omeng e)&Q{Q%Q %ﬂ%r @gb(?ert Wﬁ‘dné B@cﬁrﬁé}ﬁ E{h@ ical

conposi tions are"u % I on o a varlety of CNS
di sorders, i nclenafitimgeriscnsiotiéapiareamerc gxeo 18 83-ofe PSIeH¥ur opsychl atric

di sorders, neur ol ogie sffhlmw Solvéhfixpsiiliteéonesttrationehdeanypeanre smploybdt hei r
phar maceut i cal {,JTag% i %”aat%ésol %ts‘%ﬁggarxt%&%ﬁ%ﬁpre%re%’% E\é@%lhfqu@féﬂ' e

deficits and df;g'? age- el at el ona di sorders
and denmenti as, forme im@ﬂm@lthmwtaﬂ@ee*ﬁ@q Aetheneldenprony alepkol. geetara, 8HYI i ¢

di st ur bances; ta@et%%u%etmm@oprot ection; to treat convulsions and multiple
cerebral infarcts; sor ive
behavi ors; to provi [?ﬁl B%xg%]bie pr}agnaézsu %a@lacceﬁgpfé sgdsq'%udém@g ﬁghéi& medi at ed
by cytoki nes ardditnnsalisssuch agehinridg Smprdepsulfalg, Rhogriets ?ﬂdl"ﬁ‘f?f?at”@?'})c %'%orders

to provide pai ggidn afis sucRad scRaite, RIRDAL, gRopibingte] slieditats Wehteagydiatdhet es or

met abol i c syndrone; and to treat Infections, as anti-infectious agents for
treating bacterial, fungal, and viral infiections. CNS D sorders

Anong the di sorders, diseases and conditions that the conpounds and
pharmaceutical conpositions of the present invention can be used to treat
or prevent are: age-associated nmenory inpairment (AAM), mld cognitive
inmpairment (MCl), age-related cognitive decline (ARCD), pre-senile
denentia, early onset Al zheiner's disease, senile denentia, denentia of the
Al zheiner's type, Al zheiner's disease, cognitive inpairnment no denentia
(CIND), Letwy body denentia, H V-denentia, AIDS denentia conplex, vascul ar
denentia, Down syndrone, head trauma, traumatic brain injury (TBI),



schi zophrenia, cognitive deficits in schizophrenia such as nenory,

i ncl udi ng wor ki ng nenory, executive function, attention, vigilance,

i nformation processing, and |learning, denentia (whether m|d, noderate or
severe) associated with schizophrenia, denentia (whether mld, noderate or
severe) associated with schizophrenia, Parkinsonismincluding Parkinson's
di sease, postencephalitic parkinsonism parkinsonismdenentia of Gaum

f ront ot enpor al miﬁi@?ibtriira%e Birals] hasute, Sumbydie n{eli\?&m)n:onaiegkiome@ﬁsamae, and

N emannPi ck’ s ?b%?G anﬂ%ﬂé wrﬂrg.;[m()ipo acra@ SEC?I%% g%part%ﬁ@ l’ah(ﬁ%&t?l‘ﬂatg ﬂteosraﬁ@m * ardive

dyski nesi a, hype i nesia, progressive sup gressive
supr anucl ear p&edésioge ca%,e:sthvré%tgs Preghagg) ﬁ@IYQB??e Reh“ﬁﬁ“ﬁﬁ‘i’@a&%‘i‘@ P6’§ idgd as

anyot r ophi ¢ | atgeganbedsSic US. 95tbﬁl\(oés|1’f®979ﬂ@tbﬂﬂuil&%fWﬁWSwm%till\&dB) mul tiple

?és Eg;n, aEL?gm/C(%X?@G to% érof%}%?gg:l fog\ﬁiqgﬂg iné‘ér rﬁﬁed l%?’PeJe 4 BaCIr E)IeD) Sygglr Ioggsy,

aut osonal domi nant W@PW@QWTTF‘ eatias? @SRENi (- éﬁ'ﬁy‘d'"ﬁlﬂh‘i’%}/' anxi ety,
depr essi on, pr ey EIsR2l2] odww)ibe:ﬁaoﬁuanm&xdm&s)red@rea,thduuihiiérinany Qosfexi a,

nar col epsy, @ﬁgrﬁi'a%euégaﬂ?/ éccgl?ab% aci? lDGiE %é Oregorlnﬁ/ra fg\iv%mi%% sgits r%gner alized

anxi ety disord Sive
opposi ti onal d@ﬁ¢eat@ble@r0§errre€efpr COWf%ﬂd mé"léacii:%d'ﬂiéﬁb““y M‘?@ﬁﬁhedr ug and
al cohol addi ct Icﬁé‘ractér@ﬁb%@&@n@rddi tal commeRREBIIdYL sat abdiesierdoep Bctickiatsi S, | upus,

acute chol angi ftthJiI:J‘ci%H%a@n%ﬁ%ie chgt'allu‘i'r.,J R%eﬁy sa@?%h%mo“éti%?ers'%m bV e colitis,

i nflammat ory bome Eerative I'1'eus, spastic
dystoni a, di ar 9agae ofc,ceﬁeilrnriya@qpewenwwWiemegiod weishaey are Rrepaspg. dnclude

pneunoni tis, amdrodtiors acid, Baiturieladig phdsbraiioatiaipdoladnebuifotic acidgdlaastceoart hriti s,
endot oxaem a, grﬁﬁ’éé)ic.d%ME&@CAG%VB%&.C AdH, %B@r&:iusﬁifoﬂid'a%rﬁ X%I;HBV osis, acute

pain, chronic tes, and
neopl asias.  camplosylieni 5\9’@31 ARG 35k h‘%t@g’%‘%”céy"é ﬁ%’(‘!ﬁﬁ”ﬂ?\%‘“w thase s&8oci at ed
with ) psyc hijat I it HybiBeHIGHe abid Phosph il deidpmisieic S4i€ dhdastoleidsdiRpib aeia sﬁtsagch ot her
psychoti c di sor | t rder,

schi zophreni f or %ﬁ%ég Sérjd&%w%eggmgg ar %\'ﬁés Inaua"?)q%%' %rﬁﬁ%@h{é&&gﬂ)g%?dl sorder,
brief psychot i &olbiyaadiow hyyascapicitys Jease chasaciaristiss idhese salls Wasg Wiespacted.

di sorders due to one or nore general nedical conditions, denentias, and

ot her Cogn't'V?vd#éﬁ%Q&%ﬁmﬂb@ﬁ%HQﬁ?ﬁhb“t not limted to mld cognitive
ene

i mpai rment, pre-seni eimer's disease, senile denentia,
dementia of the Al z%ﬁ'i‘é’f“%et{t'%@mp&@éo'iséf@?BGS%WWW ApeerPRTAtS Lewy body
dementia, vascudbsribatigeit, inhe pirdSatd @niR el fermasd Bpbrepositictyia wdich the Par ki nsoni sm
i ncl udi ng Par Kig B‘rﬁg&mé s &Ik 8GR mﬁif?ggi! Jiﬁe‘iﬁhérﬂ?c%h&{&ﬁj‘éop\g ﬁdﬁéﬂ%&t Wt f

Par ki nson's Di se cognitive | erosi s, cognitive
i mpai r nent causaubdipert ?ramqugeaiyraam i"Ag [?PS‘)““Q(!’@W?‘?UH%&' ERIPOFIEONSCARPE gener al
medi cal condi t iusgtbo pRWit & cyndiios o dikdFfder iniartbjed sigelible taich hicoditeslot 0 pani ¢
di sorder wit hOl& SOI?ng Er?d%il?@tie%ta%ﬁ)gcpsuﬁerﬁig rgrg he%oé&roﬂ%?&'@@%b'rﬁe agor aphobi a
Wi t hout history , socl al phobi

obsessi ve- conp@h%’ﬂ‘@%ﬁuﬁ‘iaé@ﬂ"m@?m°"|§6§ft°f'?9déﬁfﬁm'F%“@ﬁ'ie@@Pﬁi@@F’ﬁéPres%ut e stress
di sorder, genelabhtiordndidhphainacdliticny aeeptamesapemereal. i zed anxi ety di sorder
due to a general megiGal, cqnghid tﬂ@con%gﬁ’ds%ﬁé&{nﬁrﬁ{&éed &al?i%i;',d'rﬂg but not

limted to nmgjor depre55|ve I'SO order,” bipolar
depr essi on, bi ﬁ@P@ﬁs't'ﬁﬁﬁ’&me?ﬁ?M38?1'"|Stem "b;iéﬁrg iy iickferan Wihinassolyetsuery wi t h
giani Ca depr e; S ia¥ @n aduebiisk® Goe due oulaiguid,ir pitina sdlib csinaprrdeferreccqoﬁipo:tiﬁvlyim c
i sorder, an [ eep
%?g g&nﬁﬁi t%%rfingﬁb% ptiilg J&ffegg ggﬁsuﬂ?%laﬁi@tg g.%p? ahcll Qcﬂﬁionss ry

disorders inclu

i nsomi a, pri rrwdﬁQ parel gelatin capsules @a@ireewaswaé@mﬁ@dﬁ d §¥ﬁ‘R!R§i‘%‘"°Wﬂ°g ht mar e
di sor ger , Sl elemmt:ia_rs Ti0érs o rinEesolubigbrs he@mw?ailek I03EhpeKitRAS ERIbe forRNkRY in
retardation, [ anFi tion

di sorders, per 3’ g‘é?‘%/sggoé'q ér?r{ Hﬁ{ﬁ% orgﬂ%ﬁﬁ dg%% b'%fegr% ?&%?p%&uﬁon %?e I Cl ogoﬁd

di srupti ve beh&ghiselidderae F@@pesrtloa% ipevdingsiiodie phaymeceytionly nert carrgr eghtason
deficit hyperactivity disorder, feeding and eating disorders of infancy,
chil dhood, or adults, tic disorders, elimnation disorders,
substance-rel ated di sorders, including bus- not limted to substance
dependence, substance abuse, substance intoxication, substance w thdrawal,
al cohol -rel ated di sorders, anphetam ne or anphetam nedi ke-rel at ed

di sorders, caffeine-related disorders, cannabis-related di sorders, cocaine
rel ated disorders, hallucinogen-related disorders, inhalant-rel ated

di sorders, nicotine-related disorders, opioid-related disorders,
phencycl i dine or phencyclidine-like-related disorders, and sedative-,
hypnoti c- or anxiolytic-related disorders, personality disorders, including
but not limted to obsessive-conpul sive personality disorder and



In yet anot her aspect the present invention provides the use of a conpound
of the present invention, or a pharnmaceutically acceptable salt thereof, in
t he manufacture of a nedicament for use in the treatnent of a CNS disorder,
such as a disorder, disease or condition described herei nabove.

I nf | ammat i on The nervous system primarily through the vagus nerve,

is known to regulate the nagnitude of the innate i mmune response by

i nhi bi ting the ek sam: Bﬁarﬂ%bﬁﬁﬁmﬁrp&l&mﬁurd}m"s&ﬁrb(ﬂrdé et usédl Ny uselhi s
physi ol ogi cal rgfchanr smi anti-inflammtory

pat hway" (see, °f e &qugsan Semﬁ°£€5é§lwe' kf'ﬂ‘@np%qsﬁﬁ%@@r CH¥eflex, " Nature 420:
853-9 (2002), her ei Theimmposgiionstapalshpe adniivisterad wip anGESme%srlNi@V?Wﬂammti on and

tunmor necrosis Htr%ﬁah&fulaﬁ;y @&%@ﬁh&u&@%ﬁp&ﬂfn@éwluﬁtbéaﬁéﬂduﬁlh&éthéﬂan;t adty in a
vari ety of diseases

ed to,
endot oxeni a, Herﬁﬁeé?%‘?‘ﬁm"%ﬂjﬁ"lﬁr ‘“F ?Vf“%é?’@t?ﬁ?’%tﬁi’ StfeP rgfﬁré%dlrmeéﬂéc?rgs o ast hma,
at her oscl er osi dnjectich. Suiatia erreed faronjeatin dre peibigiogn tothebeiohshilimtba eg e9d bowel

di sease. irlclib mﬁ%éf sdﬁﬁi@ﬁ’d Eélrﬂé‘%mﬁ ﬂﬁe&prf‘aﬁafbuh&e& §éﬂiﬁ§ eﬂweQﬁud}i’r@M&nt ed by
adm ni stering the colérg)oun limted

S d t
to, chronic an®®A¥ER k¥ gdmy ‘?{ﬁ‘gﬁ %‘H“ ”‘sb"é‘oc’rr I"é?g '°§' @ %h%foaf é'U'S%errr’ls '091" of asua[% acut e
pseudogout , acsmelsipointapramdseitically aceeptable liquidsor mitiere pliagiY. ar t hr itis,

osteoarthritis, pol W&f&ﬁiufah&vs c%&léﬁ%@xﬁt&é&usm@@h&l rﬁ§dnegor5e§t&ﬁ§|¥| itis,
Still's di sease, regectr on, chr oni c

d
transpl ant rej é"c“tt"’}?B‘ﬁ“‘”'3téﬁt'ﬂ'|"r’al:°"ﬁ'f'?\t5’r‘%‘§s@} if’fs’ rf‘?tgl a%%‘ﬁg ‘{?81%‘8? phagocyt e
dependent | ung siprositojies, iacdi wap sedwndo thasernd sl iy tfejalfr BB¢ dug Brogist ea PAtitis,
chroni c obst r ughinpRididd mnﬁwondb SERUR forftlah aérBSIPbithal rasally @i edinigadsvesy ndr one,

t hest ,
scuts, chest ovLALE b i A ok BTRk, Wl o2
stomatitis, powEwhichisincoporated mrernephremrrets),. topiggliy $e- meplﬁ*mfpgn) t hr onbosr s, and

gr gjt V\8/ hf)st tlaRefefnhah(e.d. mfsh@aﬁaﬁs@éryhaﬁempm&maﬁmm @(by\yuﬁlhgrﬁaﬁt{ eri al
an or lra

i s (e.g.,
meni ngi tis, heg’é{f‘ia[ ?i""éﬁ@"??e&qa/a”?h X pﬁ?sé leatg 38'3 { °'4“{ EJM 'hg'r oggt s
brought on by touls aftiye veenicah itds prefewcﬁs presentia tiive p@éwméhmfammf@r response to
the bacteria on hé(r'rrfaH&rtr@eﬁ'Qérﬂ{osﬁr&ﬂ)rffd?ﬁﬁh!&ﬁ)n fASffiibiR aHS sRdi@hampistritea. body' s

response to |nf ectlﬁ terget Q;ig?orggrg'p%gﬁr%f?%'g?@\dﬁw' 'bga an%?@ttheagm unt of TNF

and/ or ot her cytoki ese I nes can result
in significant aﬂﬁprerIe usefdinesa of thegstiormulatinne kan derens qnﬁ@e M@PBF¢°&‘W§*'%pS| s),

endot oxi ¢ shoc Krse&&rﬂ&ﬁ&&iﬁféula%ﬂ;e&t%‘deﬁr@ h@Qﬂéatﬁﬁéﬂd ITRE\R formulations Oy Eataie
expression is n
P ?c%ra%rﬁﬁlag {;a§1 bgforlrf ﬁgléegu muls recr' ar %or;f%q cg%m%gmeﬂé %ﬁstgtgé 9

agoni sts or pa ors oSé conpoun escri bed
herei n that aréomgmmspfsadmnlqﬁaW| al agonr sts of these receptors can

therefore be used t@héﬂoﬂr‘pﬁ%r%ﬁs EMe‘aﬂHn&WrﬂéﬁhﬂeﬁWaﬁﬁgrmq%rﬂrhwﬂlsw th
bacterial infect es of

i infe
such bacteri al w?ﬁ?@éi’r °8He§,\ﬁ?‘?1@?§88 W&WB Pl'?%r at aB' gﬁ? Py mmaﬁ‘n s‘suérﬁ)g? %9' of
t hese conpoundsatnes), ralibi slobpigs camtor mbrkedbbut pdvyantegrously are adm'n'StefedFﬁés e

conpounds can &yf@n Q&ndﬁﬁ‘dddﬂ%n&ﬁ'dW&fdhm{d&m’ndﬁbeﬁ&ﬂheﬂa&umnwmdﬁ exi sting
therapies to rran i nfections, such as

a un
anti biotics, ?@]af%q%ga'%é'ﬁ@a@ﬂfsﬁdﬁ‘h”séqr%éjca ?’?t oxi ns can al so be used to
bi nd to toxi ns pr odOthetisugble methcdﬁf@r@simm@nmg@m:@nmﬁerisar thgRreserd iyeRtied t oxi ns

to pass throughyd fcitedih WelFueH NE&TRE 281 BSRA ei 41 1ha BB of whieh pRNS €.
Exanpl es of antt osed, for exanple, in US. Patent No.

6,310, 043 to BJKH '"8?rp%?tedg¥1r€gﬁ518?at ed herein by reference. Cther agents
effective agai nst bianembatimandf ibe hresent byantion angias Bl hefappregiatedbithepet hei r

therapeutic ef fgfitd A& dRCthE BORIBRPAR HRGrénGReRIGAINTY Bb Edhihe®redid h t he
conpounds. desc rclorl%%matron weil'r other therapeutic compounds. For example, a compound of this
invention can be used in combination with other NNR ligands (such as varenicline),

antioxidants (such as free radical scavenging agents), antibacterial agents (such as
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Pai n The conpounds can be admi nistered to treat and/or prevent pain,

i ncl udi ng acute, neurologic, inflanmmtory, neuropathic, and chronic pain.
The anal gesic activity of conpounds described herein can be denonstrated in
nodel s of persistent inflammtory pain and of neuropathic pain, perfornmed
as described in U S. Published Patent Application No. 20010056084 Al

(All geier at at), incorporated by reference, wherein is denonstrated

hyper al gesi ahi rib_eﬁilﬂ{ﬂn ﬁmm{i@ls,amﬁ_rra ghtss@sjab idoosit@anagsidike Adovudiid anamat or y
pai n and nechanj cal . er al ges | , 3 | nerve

| i gati on nodel a3¥°%r‘1"«90¥'g'§%qgﬁllg§s t)sg?hnag V&angnnwﬁgﬂgﬁ{é%t%rgé?%&éﬁcg%? is suitable
for treating pAISAIRS, apicpyretics. agalgesitscangsthalies GYAHP Usqdin B9 Y)cul ar in treati ng
i nf | ammat ary p&hétf&tbdqe@ﬁe&@ﬁinab@ﬂs ByPesabgpetiand Gatataniad) ingpsyeriotics and
associ at ed hyperal gesi chron P e : . I

post - oper at i veeisbué;l %s E%'t%&"‘;g)oéticﬁzéf’g‘fb@%mg?&e%’ %W%@aéﬁgg{ﬁmggg ﬁr%gé\@s i ncl udi ng
cancer, angi na,(suckaafycloprain pacipgthetiskate), nayroRiotactiv oS, sieraifisdsusBas and gout ).

| nfl ammat ory patdroidBymbres) torfldogefo®ie (Wemasdexamétidzbrigpragisaet 4mdi ti s and

_rheurrat oi d .di Sﬁ\?ér ?ort?sgﬁeﬁ,_vﬁx%ﬁg,ir&irle?ells ﬁi]mgcé/ﬁléééé‘,l LIEE}F-JEe%rest\A?\w(QLQ:ﬁtaEi ¢ pai n
includes trigenrnal” or nherpeti'c neuralgra, dirabetic neuropathy pain,

causal gi a, | owiBiERINsafluexetinp daprsiing. csdialoarMeterteipfl VARG LAWY as brachi al

pl exus a}/ul Si ORjulohRiaY)ASblyBdsi (@th bO&prazolam ar;“arws;arzné)mﬁmvmaqmlh asd \l/ovith
neovascul ari zat j Jdnhi it [ 1 on e e, by

adm ni stering é’hg%oénn%?’gtggﬁa(pgﬁmﬁg Ls@é@?o;?%&%gg%%g%d %grs{qeg%m)éég%ﬁ)st s) of the
a7 NNR can t r eslabliferpisucheastvalpopigiond einirazalak aetre@nees syopFueiasesir abl e
neovascul ar i zatprdiferdivesh RliMGpeRASVegesis GhciarinbioD clsnidien ambpibinele t hose

Cha_r acter| .Zed Q/Xrabm\il %H%Qs%%a@ﬂ&a%@,@o%’l éog@ﬁlgs{, Qirure'tic,ssc(gﬁmagfdr E!Hfa‘é‘f,’

angi ogenesi s. Neovascul ari zationh assoclated wi th tunor growth can al so be

i nhi bited by ad¥i-prasmealics ych podeycleninplamirysidnetic rgepis PH@PEHRet hat f uncti on
as ant agoni st s nigdicp®oht (sabh &0R6m&irazof. a7 NNR Speci fi ¢ ant agoni sm of
a7 NNR-specific actiyi [ j 4 nfl anmati on,

i schem a, and neopl Eﬁsl"*:%%%ﬁ‘%gﬁ@%‘@%&g%}‘%@g%ﬁ%@ﬁl%?éﬁg%ﬁ%. nodel
systens for ev&Puanatiaywithethe: Siempaviisadenis Gurha gorRitadiemof PaameeeUitiivd, f or
exanpl e, in HeeswBagentmaylie Aiministdtedioyeher angbagelyiand, pabiadyinistedid at ed by
non- neur onal ni WAl i : . e e

11004y 527 36 (IR SR Elen ARl B SEGERNAR of scoucrmaly, iy okCTRe 0
of 07-specific AMHMBPEPHEPMPRUNds §T 2581 884 te siafive dmingp g adminisiation WYl bang

ani mal nodel i ngekttea Mrogenadhicdcthe désiryd thehgutddfiectt Thehdmmistratios dase,

especially the hSi : ‘ LM b i - '
parpti cul a)r/, paﬁé@%@gh .thgaé gkg%{"grg%%%n &h&m‘ﬁﬁ?&%gr&@gﬁf{y@ atﬁﬁa%gl#d?? pes that
can be treat ed QBPPFHioD iRelLthBYiRRROMBREE:oh @Y STRatats H‘i‘amﬁ‘&?‘iﬂ@écml’f?(‘sovari an
cancer, pancr eahatiingl@itgohe ofiicadmpounds. CAllamatively 1hd eimblratiad maytes rect um

car ci noma, | ung, A5Gl 00 08y 00 RN RS HHh U R rei YRARAR %o GRIEC! NOMB,
esophagus car ci nona, s(?g%ac% )gar Cl ﬁoma, pancreas carci nona, PiVer

carci noma, gal l3mipiieied st apdihmgthepfecend articevarsd. nieh sewsalidl i nt esti ne
carci noma, Uuri Ramhistri@tmay b ClostOiRtme ki rdmery irCtixieC iThe tempdahdsl e peeseei nona,
urot hel i um car Gl aAgeR mdySIRLEs ig%g%g'lmebf]&%.tvaﬁe%f &t aldGHdGts ar?uecro}{&itz&ngéﬁ Chdiona,

ut erus carci nomg, ovarlan carcin , _choriocarcinoma, gestational

trophobl asti c Udeiesompaynds qhthaiptesent inventien may RS Y58 copPiBateaEh AYRgonm,
sem nal vesi cl efobarsuitalsRerapasit @Gentalseiulio fhe tregtenent ot elophyladisof tioseendocr i ne
gl and carci nomg,. faMr QL& afighci noma, adrenal carcinona, pituitary gland
carci nonm, skin carcinonm, héenmangi onas, nel anonas, sarconms, bone and soft
tissue sarconm, Kap®R§argroptate dipg of theprsprouts is thakamprual elfectiva fagirevept t he

nle_r vgls, t unor s oeéuriehé ¢ yHRrSymptor® biheddisdrdve of te fredl§arfe syirptonaey thedsrdeg| | onas,
gl i obl ast omas, t .1 , r ; Of =Ty S,

meni ngi onas, scgllroﬁ‘dk @%ﬁr’é&?‘%ﬁ?@f%ﬁ%r“gﬁaﬁ%% gt%g:glé't% ;&'Jg ’ qrrgﬁﬁ?pgﬁgnci_é@{a ?Euch as
| eukeni as, chl offinstive dops' issheadi/ hafmeunt giiiicient i eleitihe dasiredriaiiasiPeica P’ mycosi s
fungoi des and chdrageamnisiedts,atlsredulfingin @ffevtivepri@iich)or tréaneera of theldisard@mr s ari si ng
from | ynphomas. The conpounds can al so be adm nistered in conjunction
with other fornms of anticancer treatnent;isi ncluding co-adm nistration with
anti neopl astic antitunor agents such as cis-platin, adrianycin, daunonycin,
and the |like, and/or anti-VEG- (vascul ar endothelial growh factor) agents,
as such are known in the art. The conpounds can be adm nistered in
such a manner that they are targeted to the tunor site. For exanple, the
conpounds can be adm nistered in mcrospheres, mcroparticles or |iposones
conjugated to various antibodies that direct the mcroparticles to the
tumor. Additionally, the compounds can be present in mcrospheres,

m croparticles or |iposones that are appropriately sized to pass through



In addition to treating CNS disorders, inflammtion, neovascul ari zati on,
and pain, the conpounds of the present Invention can be also used to
prevent or treat certain other conditions, diseases, and disorders in which
NNRs play a role. Exanples include autoi nmune disorders such as Lupus,

di sorders associated with cytokine rel ease, cachexia secondary to infection
(e.g., as occurs in AIDS, AIDS related conplex and neoplasia), netabolic

di sorders, includi WhéthFé“atMg add:r@é)%cﬁ'éer, dr)eRectild arﬁ’duﬂmb&ﬁpouﬁ@& %h @mb@ntsyndr ome,

obesity, or hype cema, pe ri nar i nal
di seases, inf eét’é%?]gt"cﬂa%éa“é‘gy e,?ip ggﬁ aﬁ'er g’ﬁ%ﬁ%«@' %sr RY é
hypert ensi on, osepopsiepisites, brammsfdwoubjestiand lommdulvtgmctl\dv aftfﬁlevﬁn’f NMRdi ac

arrhythni as, bléhﬂ)ﬂ{”ﬂeé(e @rwméln@uraﬁanwnhr s'é§reﬁch\0t§€s aemngméﬁeaﬁe pRbedtioh t h i n
publ i shed PCT a

f
Bh regard t o CEURAMER BaPAReTAB SR RPN o1t Lo SRERSRERLE al o be
adni ni stered tdelavlmt\e onset/af ithei symptomel of theadisarden sAn example af eeatyanpefenat i ¢ of

epil epsy, and tgoldeahamiREd by Qa&re%sl&ah trﬂ}%yﬂz{t&'ﬂh hésb&at@d‘{dlﬂﬁﬁ@&&&r&&'oﬂ Jakob
di sease. D aan gnostl c

conposi ti ons, ?ﬂ@ﬁ‘elé?g%'ﬁ? Sf%%rec‘ﬁrﬁp‘feiig\eiw °W1‘é'?|hetcﬁsé’ {Fhr'e G‘Jﬁ%gf‘ ed to

i ncl ude appropreffeaﬂtaeamm is sufficieat tp obibie shecizniradeesull bl induliicieatiacgse, to

determ ne the ragg,,@(;,éa(ees,m% and/or function of speC| f| c receptors
particularly the a7 recept or sut For. this r e ds of the
present invention % ‘5‘@?%‘?588?’1/ geﬂe%%q ‘é"&"\ﬁtj Séfcr%\ eo%l ?%ne&ﬂqsot opi ¢
nmoi ety such as paient, 1FGISeveTB'qfthel§vamﬂSlOf@re dispgipr, and the maﬂﬂﬁémalm'ﬁhmest ered
conpounds can tpﬁard@&e%éa@ebmb%km K APMMRIstEted Eedr h@Rar BlibHRs) ShelBGiOPBdsaloe fOr the

RNt ol Mo M S S
The radi ol abel suffident to mestilateiioa/activily of 1glsedny NNRe) bpiie greougt shodldbe 18F or 28Br)

and SPECT (e. g.insuflidiéhtlo ihdiB8 bfis oWsRJIth@AchIéddﬁ@%@ta pkaysignitad daprasit es for
11C, about 109 atbout 16 hours

for 78131 A hilghotsBRbreorkamea PRl o ust i b rofebrpeBl PRI el oot oc
recept or subt ygereralinciydes asepuots staiting whese EdRteffepts asgther desiseddtRreneulia er ed doses

typically are @ﬂé@%&mw&wmhéaﬁaﬁtm'ﬁu@wbdafeagerraosmerdast i mges. The

conpounds are expected to b D dm n| oxi c | evels.
Det er mi nati on of doS¥ TP 57’ Tgeé %80' erem |§¥e°ﬁrh%f\%ﬁt'vte§m8ﬁ%s ankl |led in

the art of radiastosdsete withedg mgthoosgbscnb@ﬂheeetram reovidg sgme Mggreqef PRRYeNtion 969, 144
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adm ni stration of such ECO ou istere
Gy known ¢ ecrraesr CRTRY Sisorgers, oo RGBSR nfA bolBaBRE Rl °| ©
London etal ., d&wicabthelpw thm@msm@nwtr@t@nr@wﬁe@ww @preégb!? gideo such

admi ni s: ratio {1 ﬁﬁ%&i‘@ fof emm&e%aébtmua%% &eﬁa?ﬁw@&ld dt ghliarut it | on f
conpositions that in of her i en pes o

oo edt entet hapnagoeEBEh FoRnSlnrn e BfAgE Mo RYERN SRS e B
Conpounds usef @thef disedsroarg ireated andichrtaimsidadfiscts algtaveivrg. inealyethe effeplienmt i on nost

preferably are ggsgdree@8mbsundd @é’sﬁﬁoe@heu@in@ﬂ'lsuﬁidxéht&d’prof@he bibsed &tRb© poriNO.
5,853,696 to El malc i.n i.nc eren regardto'
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such anal ysis. e A'sordeﬁé"?és 'hﬁuﬂ'g'eéé'r?ﬁéslj%(’gglpag?@ %Ta‘r*ﬂ Vgﬁ r%]' ongésér%f)e ect
(e.g., a human siggleffects: Preferakly, trecoompeunds pretakiministomenb & depagp effectivetfere subj ect

can be i maged Jvasking WRIGNS br%@heb&s@&&?é&f@le‘s@ﬂw@n toﬂ&haésqma/a and)dsftéanesgo lndl cate
unctlonal |t

h
addi L on to_ hutidRario, HaaRip s SRt sy e See AR A BT e < <
as mce, rats, dogsMOSinwfqu(e@BQthemf%ﬁdefPEWqonmtfﬁ@n%whe@@%mai| ed out

xm ng anyt anpr QRBEUPEB obRARA I BEBUrARE ARRRUALIA Side ms\ﬁrw@nvag@%ﬁ@auaé I n:
rneric eta

Ni coti ni G Ree Phar macal o
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represent ative grd@fifiderb®mAN MBS from less than about 1 mg/kg patent weight and usually
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The radi ol abel ed conpounds bind with high affinity to selective NNR
subtypes (e.g., a7) and preferably exhibit negligible non-specific binding
to other nicotinic cholinergic receptor subtypes (e.g., those receptor

subt ypes associated with nuscle and ganglia). As such, the conpounds can be
used as agents for noninvasive imging of nicotinic cholinergic receptor
subtypes within the body of a subject, particularly within the brain for

di agnosi s assoGisairad bt Iboighd ot [kisht KbighiNSEt AueRy BBWeBNaLBUSIDIgas s In

one aspect, the diagnosti.c conpositions can he us i 0. di agnose
di sease in a stﬁ"é@ b/ ?{Hatgg{%'gﬁ%% ??53%"83 ?Ct'ﬁ‘gogﬁsetpﬂ%a%h%g%\t}ggt

admi ni st eri ng taoourtadmipisteredias asindle tlesst ertals pne erimaredesevagyunisteredsveiaddy i bed
herein, and detggtdefrsh. t he binding of that conpound to sel ected NNR subtypes

(e.g., a7 receptor subtype). Thgse _skilled in.the art of | | agnhostic
tools, such as PET g%gu%?rl%ﬁﬁeﬂgng%epgm% %%"?Plérggé’%rrg%ggeggﬁ%escri bed
herein to di agrdwisistering tie corspoued iy apameunefiat leasi bkt ofipsaflegalraboutiiAc| udi ng
condi tions and sei fefueilyt Bas asdudt@anghbd i shtishtU et huiin@btidniietne efdctiad - and

aut onom ¢ nervous stens. Such di.sorders includ i i f CNS
di seases and did%er‘géflpg?l °|°W8?‘15‘§? K-"RP ?%'é'P'%‘grﬁnggheaﬁoglgggn\gﬁggggﬁeﬁs )rége% di sease,
and schi zophr emotexcaridabeut 50 oftenitiaes nat proeeebabot400.cand frequgsilydogsmertdi sor der s

that can be evakstalasbut 860 hgles hirpaentt eddd@se tee@bmp&ditohs dr addafiagddatipnt No.
5,952,339 to Beagchep f [

t .. herein | ncaorporated. . I n
anot her aspect 2°F'lE e&ﬁdaagﬁ%gfielc%vegﬁﬁp%’g? {H?tg?\egcoegeﬁ'ﬁ%ggégég£?%r1°%gg°e‘rrg%hl!1nod to
nmoni t or sel ect itheeplasme ot thepatient sermplly gpesatrxggsd 50 ag/mp, odersjoettot @¢erdP0as a human
gati e_n}3 : dTEe ”?\E;M{E,daﬂdﬁ\é@lem@%p@dlh& éxi:e;eaeo h@lﬂL.{:‘lndnﬁﬁ@rﬁo&hbm_oftaé)ﬁb@dthconpound az
escribed herein to that patient,_an e . ] t hat conpoun
to selected ni énc‘)'f”?t'ﬁ'i"@nfa%e@gvﬁtdgsre‘Ss%%efﬁgbsotuﬁa%%,ﬁt épéégﬂﬁoggpeeg{)ddr subt ype.
Recept or Bi ndi ng The conpounds of this invention can be used as

reference | i gandmetibdldf 08ihg Bhamacexticdl Obmpsseasinds whi ch bind to NNR

subtypes, particulagly the a7 r.eceptor ) .S he
corrp)cl)gnds gf this i%ﬁ/%sﬁfjggrﬁma‘?’"ea%%%% & Es?/g'?égg]eaf gﬁ{u\'ﬁl&e{gﬁgg‘w%l oa%'%i ve

i sot opi ¢ nDi et yypisala rgeepBiF, Stnulatiags definegipripeeontext qEihg ppttigdar assay, or a4

fol | owi ng Sygt fbﬁ%bfadrﬁﬁ ﬁm?éblﬁé?atarfe&roﬁardhi’écd@%ln!h@r_ein!tH\ewﬁi‘ake’stae:o‘r'nbaispn tb&aen]'s |

I nvention an u not onstr « 110g. . In

t hese exanpl es,%acgqrf)r %’ggt?%ceglﬁag'sﬁg?e {ééﬁ 35@3 g%&r?éé* %ggéfg{gﬁrﬁ#oﬁﬁ‘eﬁ@gﬁgherw se
noted. All sol Windipasareeungdguasbsiantiaiv sirilar eicuastancapasrppegiatety ivpsent skil Spg) |
scal e synt hesi sn @k af. 28im#tidn mby beldefidedopmihirébpBit ko arbidiyds inlar particular effect

azabi cycl o 2. 2. 2] oct an- 3- benzof ur an- 2-.car ] . and Its

enanti omer, (ZIQ,r Jugéﬁof‘ a?‘iy"%’%%"'-%é’w Fé"’i“’ﬁ@?%#&fbﬁg’ﬁﬁ‘?@%@%}%g@%?%@”ﬁ oct an- 3-

yl ) benzof ur an- 2adear pagkeatiinghide allosteric effects.

ﬁ4é 3-Pv 3 i di( g\é il m%'g hﬁ @d@al)mer)%ma&a‘bﬂgwisfﬂs?a &p&é&egmﬂmﬁb@n{e binding ;)aartnE’Ot assi um
ydr oxi de - nol e i.ssolved in nal .. -

Qui nucl i di nonquEPVOacrﬁF‘?f’ﬁrdQW?@%n 'a,agf 9%5 ﬁnﬁog”ﬁﬁgﬁieg%ﬁéuﬁa%g%s ') g,:é b?(t ure

was stirred forapg@entintheliteraivts from a disoypriondiersingthat ke 3 eAmpatser ok @ridehyde (58

g, 0.54 nole) wRsuRAHeAnANactsedlsXh tigonist briaheshtdgahistl 6 the witticalaibiinig

tenperature. The.reactio ur.e. heca el | k] i k W th
sol i ds caking ooﬁ"?%gmigl\eéfﬁ% {;13 at"’f ﬁrémafrf%gcsu Egtaéf‘f% aggéfp? éété\}%tyté&ssg?%ﬁﬁgq ?om t he
wal | s and the dcutittdition oiarhe dgfinedwithirespagiiteia dacraase i@ Patligylarneffect oOfupgtipn wa s
added. When t hand@lihdisedbySaerampA of thé)gntdhoNibiLWi awiing parref afd cahQfsiaieer ni ght .
The crystals vveretcrple}fe% ed by filtration, washed with water, and air dried
to obtain 80 g BINERSN solid. A second crop %8 g) was obtained by
concentration of thaségedtherinea thertialEgopislt oriat’errfabamedonisd jsarsbdsnge €8bl i ng at

49C over ni ght . Roidas 6RO Wu_%ﬁ&%rfiﬁrﬁﬂitﬁﬁ',tréébe&i}élg_té R biddiHgtpader thagisabtor mat i on
|
Y,

(88 g, 82%yield). 24U3-Pyridinvi)nethyl)-1-aza I 2. an- 3- one
2-((3-Pyridiny t°h§ﬂ”tj°ieé%/ﬁﬁ°5§{§?o‘1’%9‘8?‘%‘%&% B Cﬁ‘(’:e[ aﬁ.¥"§'.b§i%°°§%e%§'?at‘ 93 ol )
was suspended istimpigtiamagngl hepeDhihitign ia defined inkingiealinor anysgbsignee ercamagyy of
hydrochl ori ¢ acdygstank8dfoBa bl HEaGRisEAdnRRBNiét, P pdhial Wgshiskdded and t he

m xture was shaken under 25 psi hydrogen for 16 h. The m xture was filtered
t hrough di at omaceous earth, and the sol vent was renoved fromthe filtrate
by rotary evaporation. This provided crude 24(3-

pyridi nyl) methyl)-1-azabi cycl o[ 2. 2. 2] oct an- 3-one hydrochl oride, as a white
gum (20 g), which was subsequently treated with 2 M sodi um hydroxi de (50
mL) and chloroform (50 nL) and stirred for an hour. The chl oroform | ayer
was separated, and the aqueous phase was treated with 2 M sodi um hydr oxi de
(-5 nmL, enough to raise the pHto 10)



and saturated aqueous Sodiumchloride (25 nL). This agueous m xture was
extracted with chloroform (3 x 10 nL), and the conbi ned chl orof orm extracts
were dried (anhydrous nagnesium sul fate) and concentrated by rotary
evaporation. The residue (18 g) was dissolved in warmether (320 nm.) and
cooled to 42C. The white solid was filtered off, washed with a small
portion of cold ether and air dried. Concentration of the filtrate to -10%
of :Ej S E orm(%'rgvol Ungs @EG‘hé‘r&ﬁ,'c‘i‘infﬂiﬁsi@&ctiéi%rpémw@éiat@stse@wﬁedw&rbf A conbi ned
yi e 16 g (79%_  wa ai ned. o ,

3- Ani no- 24(3-0 °’°85°%'\?8?L°:‘F§nﬁ?/sl 9 the binding partnes complex WL g 1o reoePlor 1y o stirred
sol ution of 2- Eh8megaiqasi the/sontertimyhish intriasicastivly e ¢fficacyshoyig be defined Wile (3. 00 g,
13.9 mmol ) in dependh thdkehtext SGhdbinding padedt (04! reepiligan@sompleleghdandl M

solution of zinc chloride in ether (2.78 m., . ) tirring
o0 anbi ont -t erper PPt e oyl Rlant fie dlar B d BuBHRL ror Bldnfle, B |
amoni um f or maseM¢ gigumstances ntinsisiaptivityymalevarsdependinggn iedarievlansserndat  anbi ent
tenperature, s@ldssbng@@istsi myavsabee®Ry@F,iDdendBoddékedH., Zréndd AramiaLoM@s. added in

portions. The reactl hep. stirr i r . gver ni ght
and term nated 1§€?23@?f1:6§3§% e'%ﬁésoé?or?tgé@a}%%%gpeﬁﬁ@%%gﬁgElécgﬁ(_%%g‘g ion was
partitioned betWheesush santstyiilyrspeniigrevaliadens(a@refeyantand hevnihey Hiobrhé (20 ni).
The aqueous | ay&évarnas the btk biaib prbdeht isehtwnokiD baragpad@ntth pne dBeliraa ERilined
organi c | ayers RS rtdri ed (sodiumsulfate), filtered and concentrated. This
left 2.97 g of yeﬁa ow gum GCMs anal ysis indicated that the product was a
1:9 mixture of the #&§usedhereinreqyliation ha seceRipPrdirlidas 1a9nigmt RARREALSRISP e
(cgg r gs ;)ogdi ng %hlgzgc?ﬂﬂm,6&8&’%5t@§o&|smﬂ&3®efs@@§&@ryc)fa récdRo3S) - and

. 3R) - 3- am no- - Ldi.nv =1- i 2
Di -p-toluoyl-D-tart lgsr ‘l%\éa g%%'ﬁ A(e E@%&k%@%@%‘ei%%gﬁﬁﬁgdeﬁ tﬁ %&gﬂ%{l (lldrsr ed
sol ution of cr qeeeriBeceraipingiude k3t aremPHiMigq tenacetyiphgling, dgpamitee y ¢l of 2. 2. 2] oct ane
(6.00 g, 27.6 mvmRbin&nrids, Serbloih,taha BiEamiate, draiithedompordd desclibed Abiedriuretiorpl et e
di ssol uti on, tQgm%h&%hrs%%?%&&gﬁggnwﬁﬁs ﬁgﬁgent rated to a solid mass by

sor | 'S

rotary evaporatt on. e _ i ssolved I'n a mni num ampunt of boiling
met hanol (-5 nl). Theussshereindhe weRs “egwanien” s ‘glaelyiaxs ingvde a5y Sagspeelt
t enper ature (1 rducing the Prog@esion ot ohdeidyin Beadnskt bi diddaye, dsord&r(orevaditohght . The

precipitated s I Cled | } lized
from5 nL of ne %f@?ﬁ%ﬁ‘f’ E’%Srp(?ﬁcﬁar?gé&fcgﬁéﬁfaga%d"lgig%ﬁctg I'ér @%ﬁ%%&%?i? was
partitioned betegrsiien eﬁw@mramexeret@nﬁithe yecyrracoofthetingpem ARG P oXicaraites: ni) .
The chl or of or mthag eranamer s3pdzt, e iIDBhiwh@fides £mbihadfor idatiigesubipaeaviag bay er
wer e conbi ned, _dr] ' t mﬁﬁp . d to give a
colorless oil (a g'r'%%gdév%w#‘%%g%é%gcwg%e%%&%ﬁ?%yﬁgg rtﬁhl S %Cgég&ﬁase was

det erni ned by disaiar Sihe gorprounds e phasmageticsl Gompositions of the invention may be

N- (t ert - but oxy ggéde ayhiove lapesdficiaians rafRuticdt bophydsc éfeemfondampizdd alsasject

di ast ereoneri CmﬁHraiCtN\é %g@io#si ng LCMS. The not her liquor fromthe
initial crystalllzation was rade basi %03 pH 11) with 2 M sodi um hydr oxi de
and extracted twi ceAsnaied abarepinefrae Rase rod sacomppiade ofiterRiessptinveRidiact s were
dried (anhydr ouwsdelars thao? MNRaUBYpel Bithravasfist vl tha O8id, 4ndl cgh beused f@i | . Thi s

am ne (3.00 g, . . di X i h, o f treated

wi th di-ptol uofﬁ’ﬁ&ng}gﬁg? f'}éﬁ%& 3%?;3}1@@93&%@%%1%139%%?1 )r# )%P tgj’r',Fé was
warmed to ai d @Hjects wichdiveprdre sHspertile losychsgapditigns ppdisargers, R Bedulation P g ned
over ni ght. The tiy GONR t Ble@ompainéohdve tHeadilith yo seetivielyinkitd the aT N8R,and

recrystallized et i hj f1 3% ite solid.
The salt was Cg%ér%%@‘uﬁ%&%%@%gﬂ?ﬂédég)gaénglé, %%Cgﬁ%ﬁgaﬁgigga}%?%gﬁd t he
enant i omeri c p@hiagenists aoglesgrbed 5 s FecaxamplaomgouHofdhereseaRBITEVIRAd, as
ﬂke? g 2 iuge([i)\/ gg_ov %Sifnmiste?]é'tﬁn @f?‘Lé&We a@idams }WMS il hédiha e [Hrdvieebmé\degree of

- i nyft et -1-azabi c e ,
vhbenzof ur an. 2 PEyFSY #rh}‘%%m&e&%“ “ﬁ%ﬁéﬁ?ﬁ‘*@%ﬁﬁ%@%ﬁ??ﬁ% gropgtivgLfiedts o 46 g,
1.7 mol ) was dfglietation epthepyptans %t*@(ﬂ'\@t‘%{@fﬁebpf HeelioBHiQN A eZeqCay ie%s/l i ¢ aci d
(0.28 g, 1.7 mupinp CSidofder bfy tontbinaton(tkerdst. N, 0. 179, 1.7 mmol) in dry
di chl oronet hane (5 nmL). After stirring at anbient tenperature for 30 min, a
solution of (28, 3R)-3-am no-2-03-pyridi ny&ret hyl)-1-
azabi cyclo[ 2. 2. 2] octane (0.337 g, 1.55 mmol) (that derived fromthe
di -p-toluoyl-Dtartaric acid salt) and triethylam ne (0.24 ni, 0.179, 1.7
mmol) in dry dichloronethane (5 nL) was added. The reaction m xture was
stirred overnight at anmbient tenperature, and then treated with 10% sodi um
hydroxide (1 nmlL). The bi phasic m xture was separated, and the organic |ayer
was concentrated on a Genevac centrifugal evaporator. The residue was
di ssolved in nethanol (6 nL) and purified by HPLC on a C18 silica gel
colum, using an acetonitrile/water gradient, containing 0.05%



D phenyl chl or ophosphate (96 pL, 124 ng, 0.46 mmol) was added drop-wise to a
sol ution of the benzofuran-2-carboxylic acid (75 ng, 0.46 mmol) and
triethylamne (64 pL, 46 ng, 0.46 nmmol) in dry dichloronmethane (1 ni).

After stirring at anbient tenperature for 45 mn, a solution of

(2R, 35)-3-am no-2- ((3-pyridinyl)nmethyl)-1- azabicycl o[ 2.2.2]octane (0.10 g,
0.46 mmol ) (that derived fromthe di-p-toluoyl-L-tartaric acid salt) and

triethyl amne (64 p*hecf}r@p&ﬂds Qtlﬂafbréﬁﬂhr)vehtﬁn Gé%edlséﬁ\tb%&@bﬂémthbée nm) was
added. The reaction m

n erature,
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resul ting resi duﬁa bgéem%em:ar of pﬁdmmﬂemmrmmmuewsomwm J.

bi car bonat e, and_eva rof ield) of
a white powder. ?’I‘ﬁ?c JB’ ?%r’%ﬁ%&"? F?f'e %{1' A?%Yﬁeﬁg%g&%flﬁggg%%r t he

28, 3R i soner . SiLkacedhéremé anisenbashpinesihesiaingy 81: 1458 Q99PxtHoHadgY e(aly dns

enanti omer B) InfeqCORA. k6B 41@9@@(1@515) BAFAGét AL, S5cioh@CaT0 STT(1958), 28T IO corrpound

(trans enantio t LO f r IS
presuned to be@ﬁe% P@‘&ﬁgﬁﬁ% ng@@éeg@ﬁ%t g"‘ﬂfﬁ Patten?n? ‘?,%@é‘ 4Oqge

(2S, 3R) - N- ( 2- ( B8n¢hgrifietialn§ SBHI1\d Pulljet al., 5,604,231 to Smlth et al. and 5,852,041 to

azabi cycl of 2. 2.G3dmftett:, &ew@bem&fdﬂmar aemarb&xeah&emamfe(r&se&ﬁﬁ redard2- (( 3-
pyri di nyl ) nmet hi % é azagdt'g¥%!:'1cl) 2. 2] oct-3-yl)-1- benzof uran- 2- car boxam de
pt ol uenesul f onat &4 fjefapeuticte

2i ' (3- Pvridi nvl | met Fheicempgunds apddhgirppaimapgutical cagresiions 3regyseful in the

3- Qui nucl i di noﬁt@athﬁéﬁkd@ﬁr'@{/é?ﬁtbrd& a(v8r4£y5of|€1§l$ dﬁsbro@mﬁﬁél&dl@ﬁdurﬂﬂédéaé‘r@ﬂve(49 5 L)
wer e added to ep, at mospher e,

equi pped with 2 sﬂgﬁ'ﬁa??%rcc’gfycg' iz ¢ 53?rger? Qr%%?%? &Isoqgers g%d e CEK%QC ondenser .
Pot assi um hydr @gmp]@n@egsarg@q@harggc@mmwmmgonagm H?P%\méfeﬁtﬁm&"e'ﬁ unnel over

an appr oxi mat elcygnifle Hbfﬂlt%'d%juncf@ﬁbdgblrdﬂﬁed éhdébtrretvﬁsb atfenfichardidorderd aaper at ur e
from502C to 562C Over

3-pyri di necar bg)ergiaralgﬁl 5’% gﬁgg (gue toli Efc@)\és a? nts O?Fne@ %ltcgls%urba{t%es t?eact i on
m xture. The r@myldﬁhﬁlgonwtﬁﬁtﬂgnéOV\%C%’W‘?"P@@"éfﬂumﬂi@febrézf@'f"érw #eati ni num of

52 h, as It hte_ rm}g Hf(@&d%&oﬁtﬁmétér@raﬂda&i{cttf/é’lbdha\h@y,@cﬁ prehamtgegat aqodsvmrthLﬁ) )
pOI’l conpletion 0 cllon re roug
a sintered gl aé’g'a?‘ﬁ’ﬁ{ff’é’r sug il t"ﬁ%at?é ‘i’ytcé{r Cak n%%uﬂ&%?aﬂ{g?tg‘ﬁ%é? b rLtﬁhanol (74.2
L). The fil tr atnflanestonistinoeders; iptreayide pain relipfelortreat megabgliordisprdersolch #ask, and

water (66.0 L) d%éteé‘édﬁ‘éiaboﬂ'@n&ldrﬁ&%ﬂ& toRealR¥Sctidhd, b &di-iffedtioas dgerts Farm of 30
mn, filtered, .and %e |l I%‘g 'ﬁ washed wi'th water (90.0 L) until the
pH of the ri nsdfig bocteial ﬂ?@as VIR AP ed under vacuum at 502C 52C for
a mni num of 1ZNS§ Disorddrs/e 8. 58 kg (89.3% of

2((3-pyridi nyOret hy}\tﬁ&@thé‘-dl&i@% Gﬁ%s@é #ndZcondittnt thatthe Editpounds and

( 251- 2( ( 3-ovri d| QWW%I%I%J g dTIROSI?OHS [o) t%x Bregen%mven%!)rgjgatr%g Ugeﬂg ﬁ'eat or prevent

di -c-tol uovi -
2- ((3-Pyridi nyfatrefrsgmqsmgd merpora ireieens [AAMI), piideqdaitivesmaaisngnb(MIY), ggp- 25. 2
ol ) and net hanghted Mnﬁvé—&ec%ﬂﬂﬂ@ldﬂ&d sbflledenentik, daﬂﬁGﬁsbmzhéasdB’e&smder an

i nert atnosphere nj t pr obe,

| ow pressure ga? mEgéWF'ﬁque"%eﬂ %Itﬂe Agzﬁg'mepgég%r/\ !ezm': %Er’s e @8 deg ace was
filled with nitimpaieent nerdgmentia (GIND), d-ﬂ!ybmdgmﬁfﬁlﬁ theméfl!ilaaNHSée'BP'é'ar yel | ow
solution. To thegm Ib@%Kch)@ﬁdéﬁ@ﬂWD&Qr%;ﬂ%ln@die‘dﬂtr&ﬂn&&éﬁ%c bRA%jWEIBY 270 Q) .

The at nosphere pof the cuat ed us P and t he
headspace was r‘%ﬁ‘ﬁg@é’ag'&i?f"n%he;yg?idg‘gﬁ% 'sia(?ef’?) |'rsl?: %g%&{ ef%%rrngésure The
evacuat i on and aiemsios deficit disgrder, atlenton idgiipit bypreraciely diseréeredysiea.zchiprerepianes,

| eavi ng the reaghigdphiéRfbh didBrdbrSdRSaniaBive HisBraeS dghieverdysfobaiogen gas after
the third pressurization. The reaction mxture was stirred at 209C 59C for
a mnimmof 12 h, and the reaction was nenitored via TLC. Upon conpl etion
of the reaction, the suspension was filtered through a bed of Celite545
(1.9 kg) on a sintered glass funnel, and the filter cake was washed with
met hanol (10.1 L). The filtrate was concentrated to obtain a sem -solid

whi ch was transferred, under an nitrogen atnosphere, to a 200 L reaction
flask fitted wth a nechanical stirrer, condenser, and tenperature probe.
The sem -solid was dissolved in ethanol (57.2 L), and

di -p-toluoyl-D-tartaric acid (QUA) (9.74 kg, 25.2 mat) was added. The
stlrrlng reactlon m xture was heated at ref lux for a mninumof 1 h, and
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The sodium sul fate was renoved by filtration, and the filtrates were
concentrated to obtain
(2S)-2-((3-pyridinyOret hyl ) -1-azabi cycl o[ 2. 2. 21octan-3-one (4.0 kg) as a
sol i d. The
(2S)-2-((3-pyridl nyOret hyl )-1-azabi cycl o[ 2. 2. 21oct an- 3-one (3.8 kg) was
transferred to a clean 100 L glass reaction flask, under a nitrogen

at nosphere, fi Eﬂ%p%ﬁi& Btk 6 BGHRRGAR behbbHrérR suBiak e iRiuding wBikpge
Anhydrous tetrahydrofuran (7

.24 L) and (+)-(R)-a-nethyl benzyl am.ne (2.55 L,
20.1 mol) wer e"_Egl?@d‘?xe‘?‘i“'f’%ﬁl‘f‘ﬂﬁ{"_la@%““f’%’dl@ﬁ%{‘i%&lf%@at(oé.pfff%_s,'ngﬁ’?ééeaﬁ%'fg)_ was
added to the stemerdid (whethet midh matlecate pesepereyassocinted with s¢hizgphrItia de@erti on was

stirred under auiiof A hoddra BPERER) dsSdciated Wit iseRikEbRbnid Pafkins&ridkanol (36. 17
L) was added to @Qiﬁgh%ﬁc“ on._m xtur ture fed to

) e. The reactian m S Ccool
bel ow -52C, and° B?ﬂ“érﬂfﬁ?ﬁeﬁsﬁﬂq%%q'ﬁb?a%ﬁ'ﬁ%s'ﬂtﬂa%&'"ﬁ%@sm\gge e%ﬁ%i?%
portions, keepiGagmi fromtotepaotal damentnPrekissou’s EyiedFTRT) 1RIckS disehses Nigohdhi-i on t ook

several hours) -PicI’Q@is'éﬁ'é%?ﬁ&rﬁiﬂgt&i’%lﬁik@a@_e,%ﬁtir%ﬂﬁ’@cﬁ&réd, tRdhvelysided, 102C for a
m ni mrum of 1 h. qu reaction was nonitor by HPLC upon conpl eti on of

the reaction (S¥PTINEPRAIHEHYC F‘é’é@”@’?\%ﬁﬁmg".’g "gpsive sumg'?ucélea paress,
(25) - 2- ((3- pyr iresiiess Gruesyirohe, ulliplalstlerpsis, @Iot@pid tsra scl@osin@LSlematoni ng), 2 M
sodi um hydr oxi dgurbd @iscded MNIR AR téifﬁ‘gtrc;phﬁfll\mp?f,tddﬂ@o% d&densragsh, f or a

m ni num of 10 .. [he, reactio xture s filtere hr ouah d of

o e o o,
) .., a pi ey, e

concentrate V\/a%eﬁréééib%fﬁérﬁ@r@tr&@dﬁpﬁﬂri@%n%QQOI’derQJtﬁfﬁﬁia,@ﬁ@@kih,&ﬁrcﬂe@% equi pped

with a nmechanical stirrer agnd. tenperature probe under .an.i t atnosphere.
Vit er 10y wnekieaitafaviiie spices Boatale R SRF el Ehe st St )

Hydrochl ori c acbses¢igaiconpulaiue disaidrscagerutbivestsppppositianakdsfiantifiserder: faragels of  t he
mxture to pH Lyndfdd, Btk UiBg MRSidoR& Bddidtibh, e cdoQiddiation] dblesyBadfiex®d nin, and

2 M sodi um hydroxj de (24 L sl.ow vy. added to adjust, th of e
mxture to pyH fﬁ‘?r'a?'ﬁ'é‘g%’ffzgﬁ'?\é\ﬁiﬂ@;‘%t‘af’%"@a S%@F&tg’ uralﬁ o ﬁﬁ?ﬁ%% Ic%léit“}r%icﬁ},itg’and t he
aqueous phase \dismegrtorydoweldisarsehCighuhdisnaserod apriatyvs ilgus1pastis dystoniaphe or gani ¢
phases were drigReh&y 8snsisayie pOushitis PahcratitiNifaRineurhanitd, &lits, inbildisy, ed, and
concentrat ed toh Lve itis,apd gst iti toxagmia, sepsis, atherosclerpsis, jdiopathic
(2S, 3R) - N- ( ( 1R)'-98‘H‘8P?§?|aé‘t‘ﬂ'&?laj’- CEl: (1 Ry ezl el K T e e vl S 1 D R
azabi cycl o[ 2. 2 pRimsoarafierogist a8ge kain, ciyaNiqpaiy neyrepathies, urinary fggntinence,
zabi oycl of 2.2 Shaes anehetbladned 2 0o o to BY500 IR Y1 Lok o pped i th
zabi 2. . WAS S . ! : ui Wi
a rrech)a/mi cal stirrer®8i¥ Y"é’ﬁﬁg‘é?"ést?ﬁgﬁsmp“%%‘gmﬁ}‘n%ee?slggéétﬁ‘é'mas@%gggherpg. Vat er
(4.8 L) was addisdrdetsradcanditionst $uch amigshizpniranacandathechsyshetic disprdppegincigdiny
fo)ncEnt rk at ed h)b?(&@{ﬂhi&ﬁ it&ps?éﬂoﬁc c@iforct%ﬁ, sleﬂigdb?:%niﬁs'rrg\ﬂls&rdaﬂ%gﬂoéf?ctklb Gisérﬁi@ff[ i on
ask, keepin ) erature o xture, belo . r in

S0l ut | onvias. © aSp R pHaf eyt isarier St el Aedres B Pobido | (Ts
L), equi pped widishrdarsiige teeanie oninors igenaral medical nensiitiona. demeitighand gl condenser
?ggoe/r a{l)i ?ga a BLHHRE RREGESs, iirdmﬁma@uﬁdoﬂﬂtem% Li@ciel%ﬁiva@%apmbmmé-mnen car bon

0 We : —and cycl] ohexene (14.36 L), e reagtion, re was
heated at near q%@g‘l)'tl?x ggﬂeésms%qswl rdeqsna, &eﬂ\etﬁ'pet‘ ﬁéhe?@%{]gﬁp%gh%é g%Dni t or ed
by TLC. Upon cosiptkemnenorydhpairmentr ey bpdirdementia, vasadaridementiaxAlDp demgrdiac ool ed to
bel ow 452C, an@oinpleX\@§sidid, PkRSbnlshiRLAMg RakPsorf dideald, t@phiddimpdimderkg) on a
sintered gl ass ngneI : r.insed Wi Gm&&@@é )i, (3 L) and

i T{F fibel t'eb' Caske \Mj}ive airment of
the filtrate waS®EYRWALTRME DD ERTS ONR e ARAIBGE DL LR er (500 nlL)
was added to t Ieegnitya depairmantsduset by raumatic braid injuny, dementies duedo alferasneral ayer was
washed with nmetdwscaf @hditdAbiankiet tiBSHers, WicRiaihg bet nét Ifnité8 tdpanic disdlSadieum

hydroxide (19.5 L s added to the aqueous phase.to.adjust the pH of the
Xt ure o pH PAOEREREa R LR R, iR SR b T The
aqueous phase wisrdex speifit ebbbis, sdviatiptiobinofbeessivé-dompulsivegigonder, peshriaumédic conbi ned
organi ¢ phases iB{iddFdef Aoy SifesdBEEEr QYéRerandl BikietididordeP atgeRéralicdd . The
filtrate was filtered and concentrated to obtain

(2S, 3R)-3-am no-2((3-pyridi nyOret hyl ) - 1- ,8zabi cycl o[ 22. 2] oct ane (3.49 kg, >
quantitative yield) as an oil. The

(2S, 3R) - 3-am no- 2-43-pyridi nyl ) net hyl ) -1-azabi cycl o[ 2. 2. 2] oct ane was
transferred to a clean 100 L reaction flask equi pped with a nmechani cal
stirrer, condenser, and tenperature probe under an inert atnosphere.

Et hanol (38.4 L) and dip-toluoyl-D-tartaric acid (3.58 kg, 9.27 nol) were
added. The reaction m xture was heated at gentle ref lux for a m ninumof 1
h. The reaction m xture was then stirred for a mninumof 12 h while it was
cool ed to between 152C and 302C. The resulting suspension was filtered, and
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combi ned organic layers were filtered, and the filtrate was concentrated to
obtain (23, 3R)-3-am no-2-((3-pyridinyl)nmethyl)-1-azabicycl o[ 2. 2. 2] oct ane
(1.27 kg) as an oil. The

(28, 3R)-3-am no-2-((3-pyridinyl)nmethyl)-1-azabicycl o[ 2. 2. 2j octane was
transferred to a 50 L glass reaction flask equi pped with a nechani cal
stirrer under an inert atnosphere. Dichloronethane (16.5 L), triethylam ne

88?5 ., t6 08 HRbidty dl&ﬁ&@Gﬁ%%@e%&ﬁe@i@%%bddﬂloﬁ%d@dGﬁé@&s u’ft:h.ﬁlfagltmt|r')o';1 a{]d
enzotri azo e um hexa ate
(HBTU) (2. 17 kh’" @x%é“a%‘i’?'e\%we‘} A SV%*BXY%‘@W 8L OPPah R{e%? BJB&%’Ee M xt ur e

was stirred fomaaiariipelamidisader,depresgionzamssiciated wite rrpei¢, &FM@@Wea’zh@?’X?%e reaction
was moni tored Byisddeb, (51 olePPBs St &&th)@tﬂc @orddi fantl 8364 HiSdlderd §iSHta geredlS

t b : ﬁ i
potaSel um oo DGR S ko, ot T LA SRR
separated and fiearingemiia piars bypsesomniastiesionsys quwweﬂisa@er@amrnareme

layers were Sela@&as.eﬁe@n&r& aﬁor%rgﬁ@éléepwaﬂﬁagd’@&&erctﬁ&{tﬁﬁbtdrdhu&ﬁZeﬁrmrid) 2C. 3M
Hydr ochl ori ¢ acgj.d

c reto
o oLl € Pk sk st AR B b 06} sRoPhaal e L0
m ni mum of 5 nidisordenchttentionideficis ard dtﬁmvabﬁfﬁm(ﬂlsptﬁeﬁaﬂem@@‘ﬁf'qté‘lsoﬁefm ni mum of

5 mn. The sol 'a{é&uwdieﬁcsf wpénﬁétﬁﬁ!, diohdag] fedding Bhceatifdidordetdt mféﬁbﬁ | ayers of the

filtrate were s yeous a m t he

f unnel were trﬁﬁ@g%?%r%r@d?@ tfct%‘:’?dg'gc oK ?’FJ]S%EG%rS Q%thﬁc 58 hgg?rgégde (9.0 L)
was sl ow y addéglutipg biieotlimektoisubstanee dapardenes, absigase athif &P?S fIc& he m xture
to pH 14. The amraith, m&&&&e\ﬂnﬁkﬁdr%l Tetehadoinbd disoitietd) haptaraiiftagie (2 x 16.5

h nmbi ned | f
(L 71 kg ThochpR fieR R Ba B e B i i i BB MG, P2 (31T

give (2S, 3R) - Ndisorders 3copaing- f@lateﬁyi@qfé?fﬁwaﬂucmﬂgﬁz‘ds‘ﬁ@9é'F‘éf["ZSQ"VQ?B'c'?‘&F? 3-
yQbenzof ur an- 24gakbd xadstisterelated @B ordars, oBZ:aoQ%t\éU akéhiieraphancyeidinewr sol i d.

I(, g?xgz) dgl_ ézgglp %{?Ié h[r\]%/ @%‘;{?@X& gilsorders and séé%élv%f %yp%b&l 8rcatnXI§|yt\6| rleaégzof uran-2-ca

(23, 3R) - N- ( 2- ( dBoRgnsi pgraepaiyreigorepefs) ingluciperivk ey Bmitsiddo ghsesslyecamPisNEChenz of ur an-
2- car boxami depér%o@ﬂtylﬁﬂordéraﬂgmﬁ&ls)a coidl dioedsksnr onet hane (8. 60 kg) were added
I nto a Car boy The Y_%L%tl]\ gCF\IZ eglgg elq%E\erLIB( IVE@E E\Htﬁljee cg{eioqut' on was

det er m ned throu h Al s was .concentra to an oil,
acetone (4 L) \B&@“‘&d@%“veaﬂw qué't"m )ﬂoﬁiﬂ\@ SymstopseaAseRe&ietas tan oily sol i d.

Addi ti onal acefagf'b%yc(hlzfi’c" bympiGiss, au_dﬂﬁéhde(@lelhkl&s(unh Valmelhdtigng. rPbsitee Y refessrty
eap el on T 1 ook RayitSieh R bRl Sybieks W8R dASHLFAi s bladk 0P L B 252

reaction flask ture probe, and
condenser unde rexletﬁssioneaﬁ'naéi’t"m st ans foltpwdhrpughioith aptivitis, ﬁQﬁeéh thatds brieherdy t o

- 509C 59C Wat @év&cﬁgcgntéﬁt ane\8 13Kl efibab @re bhAesel il&dtiditas. ?mébatnte“ wiss ®ta rred for
a m ni mum of 19%?[;” Spcgrtg ﬂ clb%?c?eng ;%:g(hgp woukf1 CHmerWIge ée ?r ent |tigﬁe£ftml %é added to

the reaction m P OXI Feact i on
m xture was heé:togdtnwe@ymetomenerwmoﬁmkwg@tocma% Ct’clgﬁ‘ﬂ‘@rsé{ff‘ﬂﬁf’é‘sf"ﬁwd%l m ni mum of

30 minto Olbt alg rﬁ’tw&@éﬂé&d sQth as-rrh&ndirﬁfaﬁb'lddmg wWokkg GemostlexetutivéfliRéion52C over |
approxi mat el y y r xi mat el y
1.5 h. The rea (’g{t?ntlﬁn gX nc lnfo ? on%r%eésmgbgrldlf%?r ﬁgr(g%ﬁengy E Shg}r?tga{ é&r e over a
m ni mum of 10 &l Gagaitiva &metroe w@@lzmnrer@ Qaﬂcaﬁﬁwt'q#fenav P?’tsé‘?”eli’%ﬂ?ea’!ﬂd:é’t%s hed

wi-th isopropyl m&ft@sﬁo'ﬁlaﬁ ¢an N.TAwe 25 Samba)t B chopticshviibtorysatedisy refdranbsler vacuum

‘("“2 SlgSR)Z CN- (5%2 féF\|zop‘?}eW{%\ea?so ZiiChtARGha® whitd %aﬁv Mﬁvn&a&%ﬂg&eo(vﬁfﬁ sg’ﬁ/ﬁ%h%hg) of

pyri di nyOnet hylbpcomexdeptsstedcsoniezisp haverppargntynged awings Andgven kinplasdkeani de
pt ol uenesul f onatees. rrp 226 22820 1H NWVR (500 MHz, D20) 68.29 (s, 1H), 7.78

(er_ni) ) r7 27(1m 1?)_ 873 hee ove condmdns anc;‘ c'i_gdrders arg'(:lgéusged in fuﬁher%‘épa?l fdr ef}z%pqe J= 8.1,

in the American Psychlatrlc Association: Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision, Washington, DC, American Psychiatric
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7.33 (m J=8.3, 6.9, 1.0, 1H), 7.18 (m J=7.8,6.9,1.0, 1H), 7.14 (d,
J=8.1, 2H), 7.09 (s, 1H), 6.99 (dd, Jr 7.9, 5.1, 1H), 4.05 (m Jr 7.7, 1H),
3.74 (m 1H), 3.47 (m 2H), 3.28 (m 1H), 3.22 (m 1H), 3.15 (dd, J= 13.2,
4.7, 11-0, 3.02 (dd, J=13.2, 11.5, 1H), 2.19 (s, 3H), 2.02 (m 2H), 1.93
(m 2H), 1.79 (m 1H). 13C NMR (126 Mz, D20) 6

Association, 2000; incorporated herein by reference with regard to defining such
conditions and disorders. 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 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 amounts,
are believed fo modulate the activity of the a7 NNR 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 preparations
expressing muscle-type nicotinic receptors. Thus, these compounds are believed
capabile 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 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.

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 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 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 example, Tracey, “The inflammatory reflex,” Nature
420: 853-9 (2002), herein incorporated by reference). Excessive inflammation and
tumor necrosis factor synthesis cause morbidity and even mortality in a variety of
diseases. These diseases include, but are not limited to, endotoxemia, rheumatoid
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157.2, 154.1, 150.1, 148.2, 146.4, 145.2, 138.0, 137.0, 130.9, 128.2 (2),
126.9, 126.8, 125.5 (2), 123.7, 123.3, 122.7, 111.7, 100.7, 61.3, 50.2,
48.0, 40.9, 33.1, 26.9, 21.5, 20.8, 17.0. Sanpl es of this material
were converted into Conpound A free base (for use in salt selection
studies) by treatnment with aqueous sodi um hydroxi de and extraction with
chl orof orm Thorough evaporation of the chloroformleft an off-white

powder, np 167%%@@8 O%thhﬁﬁepécoﬁéélsox\ﬁtﬁ?ﬁh 519%&:“@&5130’8@5&5]& Stilﬂnﬁﬁdrﬁﬁ)rosﬁoy tive
i on electrospra%(j 1+ 1on mz . 1E1 NMR (500 WHz, DWMSO db5)

68.53 (d, J= 72 'P&a "i“yb%”eh%'se(aae Jr 1 7 Hz, 1H), 8.28 (dd, J=1.6, 4.7 Hz,
1H), 7.77 (d, J= 7.\#larmatcky-hondilions &af chn h@ﬁe&e@ormzevetltpg by aimgBstering | theJr 1.7,

7.7 H, 11 0, orﬁgouﬁésde&'r%ed l?eré}ﬁm(:lﬂae Bt afe ndt limite® to EhronldAnd aéutd3 (M J= 7.7,
7.5 H 1H, 3.11

(m 1H), 3 02 '}?Qf‘m’%ﬁ)m Pf°@‘t§'s ‘?H“%’f%’“‘é §°‘é§§‘°t‘tﬁlpsezﬁ§g%‘za%%e ,%ty"a%tp()ﬂ *1.80 (m
1H), 1.77 (m Bkrtis,XhBihafair arth)s, osteoBhrifisnpolgrrjjositig, dehaiamyoditig) ankyIBENANMVR ( 126

MHz, DMSO-d6) & Jrégmg-ysmlééiséhse Ladk chset &k discadd Gn raftlé’;&)tlén cArdhic 4, 127.1,
126. 7, 123.6, 1 35. 0,

28.1, 26.1, 19.1gnsplantrejectipp, é@‘%ﬁﬁoﬁ'@%‘?%‘é‘i‘i’ﬁ%ﬁ“%‘8”"§5?’t p“8?°°88 r%%enﬁﬁ“i’"? see
Exarrpl e 5) was injunpididpatbig phiponary fitagsisc ripsic dérmetijis aghienis ohstevciveipyimoma r esul ti ng
crystal struct 'dfs@as(e%%sblﬁtdﬁ} Q&Fe@s%yﬁ@&n@@éut&@l%st $yR&BAE InlseRlepll est abl i shed
the 2S, 3R abso'd%ga%eclg amngalflorya%olw%PdtseaseO%rg})‘ms gtsease ulcerative colitis, acute

cholangitis, aphteous stomatitis, pouchitis, glomerulonephritis, lupus nephritis,

thrombosis, and graft vs. host reaction.

inflammatory Response Assaciated with Bacterial and/or Viral Infection
Many bacterial and/or viral infections (e.g., meningitis, hepatitis and nephritis)

are associated with side effects 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, urosepsis,
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 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 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 response. Examples of antitoxins are disclosed, for
example, in U.S. Patent No. 6,310,043 to Bundle et al., incorporated herein by
reference. 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.
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Exampl e 3: Synthesis of

(28, 3R)-N-(24(3-pyridinyl)nmethyl)-1-azabicycl o] 2. 2. 2] oct 3-yl ) benzof uran- 2-e
ar boxam de phosphate salt To a round bottom fl ask was added

(2S,3R) - N-(2((3-pyridinyl)methyl)-1-

azabi cycl o[ 2. 2. 2} oct - 3-yl ) benzof ur an- 2- car boxam de (8.18 g, 22.6 mmol) and
2-propanol (180 nlL). The m xture was stirred and heated at 65-70QC until

all solids had dissolved. The solution was vigorously stirred at 65-70CQC,
and phosphori cPam d (1.65 n., 24.3 mvol) was added drop-wi se by pipette.

| medi ately, a-#%ite, granular solid formed. The mixture was stirred at
65-702C for 30 m nuTherompesniecantbs agmivisterad te epbandiar prewent paimdcluding st i rr ed

for an additi onRglte %urbtog&mmamfo@ ﬁémlrdpdmcvwﬁehmb b&e.t B ahmgsmtcmmv of

filtration, the fi t he
solid was air- (?ng?imgo?esﬁi%efj ea%I cﬁnsth é%rflﬁnstt&e% nﬁﬁ%@%ﬂger{%&? @%gl n a
vacuum oven at PRB2G ofneniapashie pgin. eerformedpsglegasibadin §.8) Pyblispaged aEﬁ“bduct
(>quantitative Appihsbh,NoTP0036EB6EAT (ildeler BieL)) MP&IEdrhte @by, refsanbe, ehpreinad | i nity

e ol (st mBhewahd Bfferels RIS el s At o AifiBRRGEn '

2- propanol (st 6 alr n
quantitative yipeindnd mathesicalhpesaigesio i the @a%sé Paﬂlﬁﬁﬁ'ﬁﬁcy’ew ligation ;i 90 nny .
Exanpl e 4: Syntria@spdini®@pain.

(25 3R) - (243 DyT | Al opigEddWedric suﬁgb%baaﬁ{ ghr%m%f B Grudd ichaghan. 2- o2

boxam de nal eate sa el c acl added to
a hot slurry Ofpa(tlglgaerap{pqlgﬂWory pain and associated yperalgeSIa neuropathac pain,

pyri di nAnet hyl )and agtaaite€ MpeRigdsia, cRIoAIE baid te/dlsevarotisriapal, past-boative de (0. 203
g, 0.560 mol) 'j)aﬂ An% I %Q%lciaﬁggﬁtl%a?lo& coﬂ&%ons%@ﬂ@ﬁ%&dn@& Jrfgg 1rer¥%]brt e solids,

along with a gunmy I onal 1sopropy nd mal eic
acid (0.006 g) bwerry@olmme@ftruaﬁm migraingriard geud- (lammatlyeginmsy e pf féi‘ﬂ@fse
| sopropanol (5 gahdsis\asiuditipdritatand ﬂfehr\:ldtond'Hié@asé,ﬁsnd-styhdﬂ@smn)dlvwwmsf white

solids was cool S were
washed with i Sﬁga& ngm F\é}éjdésq{?% &.Fﬁrgetc neé{glrg |ab%ﬁgnéurb§atﬁggéér? vacuum at
60C for 18 h t cagd @wmggoaw arwhﬂee ereniipp wndﬂomaw%af Prgciiig Rlesy, yi el d), np
180- 182C. 1FI NMRsi6dVSO- d6) i ndicated a nono-salt stoichlonmetry. Calc'd for
C22H23N302 0411404: C, 65.40; H, 5.70; N, 8.80; Found: C, 65.35, 65.29; H,

6.86, 5.68; N, 8.69, 8.78. Exanple 5: Synthesis of

(25, 3R) - N-(2- ((DQQ@@MAQQ-) met hyl ) - 1- azabi cycl of 2. 2. 2] Cet 3- yCbenzof uran-2-c¢
ar boxam de hydr ochl vHd afeNNRystassociated wﬂWmdmjtdamﬂﬂnoﬂnhtbﬁlbnéf hydrochl oric

d/ THF | ut id
ST U o g e g« -
sol uti on was wderergegstarabihesy NR‘Br?B@;F%RtGﬂéeveTI'ch%d'Mﬁﬁ'EF’?’féﬁ"ﬁﬂﬁVf | ask was
added (2S, 3R) - Nnfiasiratis ndoyidcibibation e bigidgenekisa Bath ayiditians 2arx?méh}dedlhoss-

yObenzof ur an- 2- ). The
m xture was st |°r%$re§ nzegl’ﬂ%ﬂ%m%aﬁ%wgw%gﬁ%'smwm%mm ete g'()gé’te :s%n was
obt ai ned. The HYegraseHprization ageaciaredmith 4100 ePHH cpR @ﬁh?eéﬂ“'%é%awg'sfawed
drop-w se over tRos? cBinpbup€y dedtlibedhdréin atkuiidtionad antegbnigtd oipartla) agasiste of a¥ t he
transfer. Gan%ﬁiﬁ, white solids began to formduring the addition of the
acid sol ution. € mxture was cool ed to anbient tenperature, and stirred
overni ght (16 h). THheecigpntagoniseyalot NNRseedls agtynsiagyGes e@ngiegelci on, t he
filter cake vvas;eypas&bad infarbriatids aécnafia ahad nedplagsia. Gﬂidarfcblﬁzgsmingdpmmlam r-dried

with suction r?a‘?’%oggl r\bstemq?r%gélbaqipwg cé{ﬁé&ﬁ&f degérfbg hér%]g@%n fQP’ en at

752C for 2 h to ﬁ\ np
255-262, 0. Chi reesﬁmlz*e: "aHeﬁ%qnng%@'e “Aingyarangipaesic ety megiaied H\fﬁ°“’ 1H- NMVR
( DVBO- d5) ShOWeO@néIQ&bﬂﬂlﬁdceﬁleﬂ\dﬁﬁmﬁeSemd” £ Q. iirfves. 1To@ns29t3si (edticpet ry.  1H

NVR (300 MHz, 51 d 8. 80
(broad s, 1H - mcorpéar %% e@n@i&ggreﬂﬁ ardléd_%%plo?%@toﬁﬁﬁfegﬁ(? t%hgin"bm 7,74 (d,
1H), 7.60 (d, ZaApiogenesiy andgellgaa)in v'rromd@n'mamo@imgpf augiquRpic a¢tyity fa'e&a@t (m 1H),
4.08 (m 1H), 3.05-3.55 (m 6H), 2.00-2.10 (m 3H), 1.90 (m 1H), 1.70 (m
1H). An x-ray crystallographic analysis of this salt established
stereochem cal assignnent and stoi chi onetsy (see Figures 10A and 108).

D hydrochl ori de: Hydrogen chloride gas was slowy bubbled into a ice cool ed
sol ution of

(25,3R) -N-(2-((3-pyridinyl)nethyl)-1-azabicycl o[ 2. 2. 21oct - 3- yGbenzof ur an- 2-
carboxam de (1.9 g, 5.3 mmvl) in anhydrous ether (25 nL). The volatiles
were renoved, first in a nitrogen streamand then with high vacuum (sodi um
hydr oxi de scrubber in high vacuumline). The residue was triturated several
times with small vol unes of anhydrous ether (discarded), and the renaining
SO|Id was dried under high vacuum This gave 2.179 (94%yield) of off-white

m A PN PN A PN P~ o~




el ectrospray Ms [MtH]t ion nmfz = 362. 1H NWR (300 Mz, CD30D) 69.15 (s,

1H, 8.84 (d, 1H, 8.63 (d, 1H, 7.97 (t, 1H, 7.75 (d, 1H, 7.61 (d, 1H),
7.52 (m 2H), 7.35 (t, 1H, 4.50(m 1H), 4.32 (m 1H), 3.40-3.85 (m 6H),
1.95-2.40 (m 5H). Exanmple 6: Synthesis of

(2S,3R)-N-(2-((3-pyridinyOret hyl)-1-azabl cycl o[ 2. 2. 2] oct 3- yQbenzof ur an- 2- ca
r boxam de henl gal actarate salt Gal actaric (mucic) acid (36.3 ng,

0.173 mml) wag, AfAGisb&Refespadidly thaems lun%t_umor rlnod[elz(inzvivzo], in mice3— sea)in f ,
i cycl o[ 2. 2. 2] oct - 3- yQbenzof ur an- 2-

(25,3R)-N-(2-((3;.pyridin met -1-aza
car boxamni de (1%%“'%"‘1’5’9%%&5@?8%&% ‘hot ethanol (1 nL). The mixtrue was
refluxed as water (Reptasensatvefurwr tyderdbiat carmkerirepteg usiog therPUPRARISASSCTIPE] t er ed
tcgrf)_ugh ? _c?)t'él (p,tgremli,_gm,,dembgd} oyoar_ﬁl{w%%%@%@%biic?ca?@ﬁﬂ%ismmomhMm| b(1 nl_).
oling failed to give recipitate. The volatile r y rotary
evapor ati on, aﬁﬁ’c'f‘ﬁ@a'rreecgi"gﬁ’éc' t g ?aécé{qr%“am%%p%?rryﬁ ct’sjarréé\t%gg\’_ l&?ﬁﬁgr‘ﬁ]%ﬁ’g)épr opanol
(di scarded), amgrcinbrea ceorhiagys sarcisoha, glomagtaingmarpanerpas sardngmadieione/ wat er (4
L of 7:1). S| QWcheRA, igatbiddGer28RinBhe BUEARR: ArdMamb fsnfl intedtinaMatomomaps fil tered
o1 yazned L sRRangngl, ool bl e B i 1
D20) 68.29 (s, fawdie genitat §aqt darcinedya, carvig eqreinomeriterus caginema, Pydyian qargepriay  2H) |
7.18 (t, 1H), endltsrecinchid, gestatifhl fréphobiddlic dideddd mafa gehitdl r@Abacihamid, ¢ aci d) ,

3.98 (d, 1H), 377 (s, 1H galactaric \Wad 3. . 1H) . 1H),
2.95-3.30 (m E%Sfa{el‘%f%.°6‘§%(eﬁ‘.‘"a{3‘ﬁf'f"es '%'}r‘r’fa‘\aeteg:gs ‘%%’Pﬁ‘é‘s?%’fﬁ S%F\“'(‘g'ls’

(25, 3R) - N- ( 24( 3ngngrineisiangdCasinpps, thylaidgasdiiomacidsgnal caronppas UMY Yz of ur an- 2- ca
rboxam de D-t archicbma,SRih tarcinoma, hdridirigdiias, nidfdnBmés) Barfontel, bdde aBsofiisdup  Was

added to a sol ution (25, 3R) - 2- -
or T iyl ot nypSRa SoutsreeatiShluts8 ol e orgin paners ot nerves, ymors ofthe 1o
ng, 0.346 rmol eyésatumers abthe Mmeoinogs] agiogyiompgealipaag pioplagtowas: (RINPIASITESs| owl y

cooled to agbi exa&roh@aﬁwﬁmm}asmhﬁa{nbﬂss, RieRifigigrhdsabaid tunsots drisiag #brout i on vvias
concentrated t Ve . .te foam Attenpt S i LNl ropano
failed. The fog‘ﬁﬁﬁsﬁgo'e ‘f’g?hqn\?re‘%esﬁﬁucﬁgf f?gt&r%\'assa%%r&aﬁ%t é{%{%ﬁéﬁpé&éaﬁt@% ent of
tartaric aci d (Paue ang lun@rsiaf Brveasisifynopides and galaneor &-calf Ivprhomajpykertigncent r at ed
to give a whit end oaitumdid &Ringabrh nipAdmast yst al | i ze from m xtures of met hanol
and i sopropanol. Thg concentrate teri | . of . i nmy

i quid) was then sl ﬁ*}er%"a‘“.‘“ﬂs efnha%orggée'f]g?égré riﬂgrirﬂd Rglﬁﬁ%gﬁé{béﬁgorgg%ﬁg‘y e solid.
Thi's was i sol atcarrebijeatment ingiuding cq-adnpiyistraierayitrastinggpipstic JABUBRTPESNS $4" a vacuum
Ovlen 218 ;1 at  4Q2@)platih, Ad€HNWGin Idhlindycin /dhd 104 liké, @heldr miti-VEGE (\v?aﬁarstoi Eg grmtrr;y
salt (NWR), np 1361 ! I LC a ' rity of 98.1% (270 nm.
11-1 NMVR (300 ‘,9"%%%@%9@%f%e%ﬁ%%“x@%’%’1‘9‘%’?" %e%! 7.86 (d, 1H), 7.75

(d, 1H), 7.56(m 21Thecompogs can bpigpministeng ip such ajanngrihpt they argigraeted gy (g

2H, tartaric aghdimorkitd.6Fdr@xample, e cdmPdundddan belhdmidis@fed(mmicdddneres3. 15- 3. 55

(m 4H), 1.90-2..30 5H) . Exanpl.e 8: nt hesi. .

(25, 3R) - N- ( 24( @'gﬁ?ﬁ%ﬁeﬁﬁ@?@?%ﬁs‘@'ﬂ‘fgﬁg’g6?%9%?30%?05%fhgz:?'rff}t;;rﬁ 13enzof uran- 2- ¢
ar boxani de et Haiereraricies tathe tugwr.t Additionally, (et dempeunds eam ke Psgsed I 33. 2 ng, 0. 346
mol ) was addenié@sphe®s midrbiiticRE of 8soatds that are appropriately sized to pass through

N (24(3-pyridi nyOnet.hyl ).-1-azabi I 2 = 3 -2-car boxam d
e (125 0. 346 TR MR SO oy hy Satcui PR A hAfinee O, 10l
preci pi tate. THee ¢amppunds logally to e tymex.eBHch divg deliyaryidpYicegiaia kppwn ifdhe &1 | t er ed

t hrough a cotton plug, which was subsequently rinsed with nmethanol (1 ni).
The vol atil es W& Dris%rge}éed by rotary evaporation, and the residue (light

yel | ow f oam ' d in hot isopropanol (1 nL). Again, cooling failed
to give a precipitalneddifondo trexdivs EPEHisprdsrdntiaguisliona peqyascalazalions a8pdsi due was
slurried in acqja@@e cdmpBunds drinelofeabht Hemial cardRUAEFUBMED petivyiit BEtrdad 8 h at

502C) gave 146 (92. 5% yield) of Iight hei N - 1H NWR
(300 Mo a0y e Abertandind, HeoRlos, i porit ByciefiaNip o 300 Sty 11 TV
(m 2H), 7.20( rinclubpfputoimmupg disordesy such ag Lugus, disprgers agsqptauvith pyipkines 75 (m

1H), 3.47 (m Zkbase3ddehekiadBtdidard kd infectioR (o.4.Sas odddrs INRAILE AEXBIleladicompiex d) ,
1.75-2.15 (m 5H). Exanple 9: Synthesis of
(25,3R)-N-(24(3-pyridlnyl)nmethyl)-1-azabisgycl o 2. 2. 2] oct 3- yCbenzof ur an- 2- ca
r boxam de D-nandel ate salt D-Mandelic acid (52.6 ng, 0.346 mmol) was
added to a solution of (25,3R)-N(2-

((3-pyridinyl)nethyl)-1-azabicycl o[ 2. 2. 21oct - 3- yGbenzof ur an- 2- car boxam de

(125 ny,




0.346 mmol ) in hot ethanol (1 m). Dilution with ethyl acetate (4 nL) and
cooling failed to produce a precipitate. The volatiles were renoved by
rotary evaporation, and the residue (white foan) was di ssolved in hot

i sopropanol (0.5 nL). Cooling to 52C produced white crystals which were
collected by suction filtration. Vacuum oven drying (18 h at 459C) gave 111
ng (62.4%vyield) of Iight beige solid, np 188.5-1932C. 1H NMR (300 MHz,

D20) 68.33 (s, Ia?fﬂéogllg%)?’ t%&oélé ord«er_D%lu(iﬂ%t EﬂdlabgteQQyﬂeqhdléb@es 7.27 (m 8H,

i ncl udes mande Q [Tandel iC
acid), 4.10 (dme]gthc sgndygnq ﬁpes rhygergtgce(r}xﬁ p hitls r@gygncgrrﬁl rﬁ.‘e, rg&_nba
1.75-2.15 (m QiddaseExdegubes diddaseSymyakibaiis Eaton-Lambert syndrome, hypertensnon,

(28, 3R) - N-(2- 0% %d’olré%%gdegﬁézt{)b! Qn %aso ﬂatatlon, cardiag arrhythmlas bulimia, anorexia as

azabi cycl o[ 2. 2. uran- 2- car boxam de f onate salt

R- 10- Canphor suIWIe ‘6°s§di‘cﬁFa{'% 8t fop) in pblisigd %P&P‘%@"m@%ﬁi&h ®&3 ution of
(2S, 3R) - N- ( 2- ( (rdoipyiated ibp yRretchwith refard raductt fisdrdgr . The 2bropdundsid Jtirenz of ur an- 2-
car boxam de (13500, 081 gfs%%ﬂ'ir?stér D RLat BSNAEOs dudh M those@RPheNg failed to

deposit any precipitate es were renoved. by r oratl on,
and the resi dudyphipmnatis of epipgsy.Rd t‘b‘feéé‘“cﬂnq‘ﬁ‘ﬁ‘sﬁ‘r‘f’ 5 YR q‘%‘ﬁﬁ%ﬁ?ﬁ{}fgwﬁ%ﬁl

Cooling to 52Cdpeaduced a few white crystals and a m | ky suspensi on.
Scratching the sides of the flask with a spatula eventually transforned the
m xture into a thick mass of fine white crystals. Another 0.5 nL of

i sopropanol wadiaggesiglsesnd t he crystals were coll ected by suction
filtration. Vacuum Thsemgoyridncan(tde usedit dd@R&ljc dombbaifionsl susp a2 probes. 1102C) gave
193 ng (93.8% yj 88 ols iodBeé BibalHe, ~ C20)
58 30 (5. 10, %%ﬁil}lggrl gjhe?{\ﬁ'gf&e%fhgdtojrrml_‘&;&é%pﬁ) o H23h ?M% et - 020)
(rn 1H), 7.11 (i8ed iopprampley (‘%ﬁemi‘ ‘eif’%ﬂ wbem} Or finct (’rﬁpeiﬁ) 3.45 (m
2H), 3. 95- 3. 35 réaeptobiparicutatyitie s7 caegidrenisypel Horithis pypasp thezcomnows ofthe

canphor sul f oni ¢, a6kSventdn %'%sl(d@fergﬂ? are iabZle @lﬂ'al@raﬁlﬁ&ct@é'isotb mbiek Such as
carrphorsulfonlg) s canphorsul fonic acid), 1.25 (m 1H,
canphor sul f oni cCacfd B' 0'% '(s 3H, canphorsul fonic aci d), 0.68 (s, 3H,
canphor sul foni ¢ aci ﬂ)e adirdetgbdcairbourBy narhesdetectsfi using known detection methods

(2S, 3R) - N-(24( 3pp¥ ﬁa@é @yt%'bgl%éd' jF:‘xamples of detectuon methods mclude position
azabl cycl op. 2. 5Toc Qbenzof ur an- orsul fonate salt

S- 10- Canphor sulel’rtfﬁ?PE t%BSFaPWéBEa aﬁ‘bs'“%e %l?g’"rﬁ'ﬁﬁs °"\x&fgpuig’3%'a°%'%§’“¥l sol uti on of
(25, 3R) - N- (2- ( ((SPEWT)I dhea@iabdis/deperbed atzlye ewrsefplm PED (et 'C3 T P& i an- 2-

car boxam de (12 9 84! With ﬁhlfhl%s &Em9ﬁ4ﬁ\ﬂaut@¥%r”@| dodlititoe Wi th et hyl

acetate (4 nL) an i&TPgl re Tevolatlles
were renmoved by“‘P‘B‘FSafPS/ e\?g%?%l'i“?ubﬂm ahaﬁf%gutr@g%&gé”%\%ﬁ @gq%[’
di ssolved in hoictmut;stsmeemarm\IHSL(atlzeﬁhensle)ectedImépwrgulotweSamqoﬁé@t?@mj V\/m te

crystals. The r@oﬁéeﬂ{r%o ST he aﬁﬁfgfe?e%td%gasttﬁlcaﬁy ate B@lov@iﬂ@tcﬁlé%r@d aﬁdJﬁb\ﬂdé o 52C.

The solid was then collecte sucti on |Itg}%t @ {11 {j

initially 18 h highcasimstimgggs. tTH%?PWU%qﬁ@&Ge@‘B? ?\F?ﬁ PO aéJH]b%ﬁlrg cﬁ”%s
(finally at 110@6YoxcdevemDermiasibulofalosd is cpriesauhiola. mapherdknpwrotpiotesekilled 3 ny
(69.7%yi el d) qath\éﬁahtoﬁraa.agb@,maam 188, ﬁx;,‘éa ia u%&i&ﬁl\b@%d\tﬂﬂxo IRR80n 68. 29
(s, 1H, 7.79 (d, % I—g h dtgg Ston(% 21-1), 7.18 (m
1H), 7.10 (s, 18iph "}§°@9fateﬁ1he’ oy refe '8%"9("6! reppjd 1o goimjny 344 (m 2H),
3.95-3.35 (m HSddmpourdb.udes canphorsul fonic acid), 2.67 (d, 1H

canphor sul foni ¢ aci ﬁ‘g\e co?np%énoé%n Qé‘&dmnr&stJer é’s.r{bQ(néwmtecr&ldueé rgde g
canphorsul fonic acid 5 (m 1H,

f on|
canphor sul f oni ¢>@RPIg)Y- Sd:'aé‘?l‘t é"% 59§?I”@8EB’FF8’ ’f Bshm '(r:‘codg’dratﬁd 4 (s, 3H,
canphor sul f oni crefatancy with regard toldschnagministratiat Tbe carmpeiuhdsican be @ml@@eﬁeéﬁbr t ed

above (exanpl esdi falidn co?rﬁ%ﬁﬁ&g 12l HEdrpor e Bthér%df@léﬁ%r ﬁjcﬁaéfhaé‘ét%dslaﬁd The
results of these preparations are reported in rH) £ JCZ d r{RIe 12:
Synt hesi s of (2rgrafigninhatarg yssiuhip fqryplang )aﬁ’agmﬁ‘*s °°l“ dsiion. Cormpoundk 58

azabi cycl o[ 2. 2.2 hemwtdaBeaMiibenmyg nutithe Brosant inparsion west prefaraliycarg employedin - A
sulfate salt was precipitated froma m xture of isopropyl acetate and
water. MP 2782C. 1H NWMR (400 MHz, DMBSO d6) 69.28 (broad s, 1H, anmide), 8.56
(dd, 1H), 8.24(t, 1H), 7.77(d, 1H), 7.74(g4. 11-1), 7.60 (s, 1H), 7.40 (m
2H),




7.35 (s, 1H), 7.21 (m 1H, 4.21 (m 1H), 3.93 (m 2H), 3.10-3.60 (m 5H),
2.05 (m 3H), 1.92 (m 1H), 1.73 (m 1H). Exanpl e 13: Synt hesis of
(28,3R) -N-(2-((3-pyridinyOret hyl ) -1-

azabi cycl o[ 2. 2. 21oct - 3-y1} benzof ur an- 2- car boxam de ketoglutarate salt

forms of high purity. See, U.S. Patent No. 5,853,696 to Elmalch et al., herein
incorporated by reference with regard to such analysis. '

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, quantity, and functionality of
selected NNR subtypes. {n 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 et 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., a7) 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., a7 receptor subtype). 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., herein incorporated by reference.

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 a7 receptor subtype.

Receptor Binding
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An a-ketoglutarate salt was precipitated fromisopropyl acetate. MP 1772C.
1H NVR (400 MHz, DMVBO-d6) 68.64 (s, 1H, amde), 8.50 (d, 1H), 8.20 (d, 1H),
7.74 (d, 1H), 7.70(d, 1H, 7.60(m 1H), 7.45(m 1H), 7.32 (m 2H), 7.18 (m
1H), 4.10 (m 1H), 3.78 (m 2H), 3.00-3.45 (m 5H), 2.81 (m 2H,
ketoglutaric acid), 2.41 (m 2H, ketoglutaric acid), 1.96(m 3H), 1.83 (m
1H), 1.60(m 1H). Exanple 14: SyntheS|s of

(2S, 3R) - N- (2- ((3- py#rhediop AWirivirtion can be used ligands in bindi
azabi cycl o[ 2. 2. 2] oct - 3-y enzo LII'?’ a?llo a(?aeusoxz;ﬁsrlrde rﬁe 'gaﬂrsall? em smag A

hi ppurate salt f?F‘é’&pB‘I'"f’%d"'@ﬂ‘ Bindge,NINR BHblyRes: ?at"l‘ibla'wr&r er‘t‘f'BP(:s'{bB’p%bt ain

mel ting p0| nt ) .Foilthis plvpbse 4@Q@ovpaundslaiMbBinvdrtipn &e Bréfdrablg Jabdidd withrairakiidactive. 56 ( d,
1H), 8.44 (s i G #~8.29 (m 1H), 7.87 (m 2H, hippuric
acid), 7.76 (dlé&o&n%;@wgsg&ﬁ m’) C 7754 (m 1M), 7.49(m 4H incl udes

hi ppuric acid), 7.34(m 2H), 7. 21 (m 1H), 3.91 (m 1H), 3.74 (m 2H),
3.00-3.50 (m BH)Synmeﬂé)E((ampléH hi ppur| c acid), 1.79 (m 2H), 1.60 (m 2H),

1.30(m 1H). Ex a”ml' %mtﬁettl %nfb es arafRrovidba toABtrate the present invention

(25, 36) - N-(2- ((3-pyrid %
azabi cycl o[ 2. 2. aﬁ’fﬁ%‘{” H?WF%? imitnodaessenenarent Bipse BxABIes; Apatto

gal actadc acid a&xabersentages are Ay geight] @nlesé othéreiss npted. Nl salutionsagnadubmisi sol at i on
of (23, 3R) - N- ( Fpfebsstherwise noted. _

pyri di nyOnet hyl ) - 1- azabi cycl o[ 2. 2. 2] oct - 3-yl ] benzof ur an- 2- car boxam de

pt ol uenesul fonate (Exanple 2) was concentrated by rotary evaporation,

adj ust ed pH 10 ExatpleT) Bmmalj seale syrsbakis oh(28; SRpNi(21¢3-pyritimyimettot)dd wi t h

(rjle(szrldgreogﬁt gag)eazaﬁ ldﬂiﬁﬁo@faﬂﬁf‘yﬁ Bé&gﬂ?&ﬁ-ﬁ %Bﬁ%ﬁﬁd%%&éﬁcﬁ Oal’?taal n;[ 23 0. 50

0
di - n- but yl am n&"? V\%ﬁ"éer’ég'? F&F‘&é?"ﬁ"ﬁ]’ﬂme@@)’ﬁ ?fagl ggtﬁggiﬂ? M Bns, onto a 25
cmx 2.1 cm Chiy)aerpahfan-2-¢isboxamidd HPLC col utm, eluting with 60: 40: 0. 2

hexane/ et hanol ki j3.Bil leR 1(5259 cloPloD15utans-He/ M n) m)nl tored at 270
nm Isolation o ' at -13.5

utj.n
m n gave, after evag‘ﬂﬁsﬂuf"gwd'(%'g?ﬁ (g?%ﬂ?) wag dl d&%"'\@% @9@ ad'ﬂ| qu mbugl'ty) and
0.47 g (99% chiQuirucliginong ryy)irqchiemb(ﬂ& 919149 mb) wad pdbdasl tivd rhixtuiheaststimed\IVR

spectra wer e i §§binffhtambldn r@%é&ld@%dé%sbsa 541H)>|e) was?S (d,
1H), 7.74 (d, (d

4.55 (cif, 1H) géé%é‘déf}ﬁ”g"i‘lil)e st dé%' ‘?Eﬁ i‘PB'e“ "E?G'at“ﬁ"; ea'gé""d@l’“t"ﬁ] 1H), K
1.88(m 4H). becameyelmr durispihistoetios, with widsivakingen thewalshtrpFask. The sdigol ut e

et hanol (10 ”UweY@e%rép@@ﬁ‘&rﬁ%e‘NaﬁJhn@'ﬁ?e cﬁaqﬁuswk&n&p %thgsmaw wataqsgb The
resulting mx stirring,

tur
o anbi ont |t emiun et ped-TBST Be s dola ipenilupaRE Gt & Bt i on
filtrati on and Thacuystals deieedlectgd by fifation,6msiged VBT Water,@ahd air dried t@olddn 80 § 85%
. ﬁvg ?éogemct iy )uxw Q8lidYA deBo rarc?dwb afwai((?agiaﬁl\eé Byco%%fr&%ﬁ%ﬁhe Aitr@8 &) 0?3 e) 1H)1H
7,50 (d, 1) 710% oL b ordef umiegpeoing gt G oiplci, Bt grobspeto il 5. o1
(s, 2H), 3.87 (psref@tiyrtheBurap8lofmation(® g, %3Pel)m 6H), 2.25 (m 2H), 2.02 (m
3H)b Exalrml[g %@- SBHRAR et J‘1.a%% Bb2! Jc%ﬂ%otawldl nyOnet hyl ) - 1-t .
azabi cycl o enzoat e sa
Solid )p/) chl or obenzof" . 1ag %rﬁ’gk ta%g? {?g u&ifﬂmi_’;‘ ‘@asportl on
to a sol ution @smh@derambﬂwmol @D@ml.m;\dmsda@wltm@ﬁ mL of 6 M hydrochloric acid. 10%

N-(2-((3-pyri d'#&ﬂ%&i’éa)boﬁ(ﬁé%%a@é@ééa[a%d %e%l.ﬂ&a%ayéﬂahmams% 2- car boxam

de from Exanpl N acetone S mxture
was warned to ﬁ‘@‘i{f’gﬁg‘éﬁ’ﬁ% ff B‘? mifreas fﬁ%fﬂd @%pﬁeamaéﬁ%ﬁ %aﬁ‘%‘ " gﬂi?er ature.
preci pitat e forsaeht wgoretmoreddmimihe finatevsrotannavepdratiat. Sihistprovitkd otud@DYUB-of | ts

former vol ume (H@diny Jn@ﬁnﬁ% a@abchH[@f'z]B&ér{lﬁ ofd M’éio@tklénd@%%tﬁt@gﬁrﬁr(é@ g.The
m xture was coohgog and was

re
concentrated by B‘Wé‘éf’éﬁ)%‘reﬁtfylt@ﬂtegf"'t%%i\”\f%‘ﬁmQi’d'%féﬁﬂ(é%%"-)taé‘ﬁﬁ@'?%ﬂ?Z‘S and the
resul ting soli de.)waed girredfol achaud Trertiodfdrre thyerMas segaradetl) emtthd dduengs ( 94%
yield) of |1 Ohippi@hhaWeEY SisPd froodlin AaRoHRAAmL oo M3 04 ch6 1000 3) ©
849 (s, 1H), 8.38 (d, 1H), 7.93 (d, 2 p- chl orobenzoi ¢ aci
2H), 7.57 (d, 1H), 7.45 (m 1H), 7.36 (dgpg2H, p-chl orobenzmc aci d), 7 30
(m 1H), 7.27 (s, 1H), 7.16 (m1H), 7.00 (d, 1H amde), 6.90 (broad s,
guat ernary anmoniunm), 4.62 (m 1H), 3.85 (dd, 1H), 3.36 (m 1H), 2.95-3.25
(m 5H), 2.16 (s, 1H), 1.70-2.10(m 4H).




X-ray crystall ographic analysis of this sanple revealed its absol ute
stereochem stry to be 2R 3R (see Figures 11A and 11B). The later eluting

i somer in Exanple 15 thus by elimnation, has 2S, 3S absol ute configuration.
Exanpl e 17: Chiral Chromatographic Method for Analysis of the Stereoisoners
Generation of a chiral chromatographic nethod for separation of the four
stereoi soners, one from another, proved very challenging. The initial

gt/ te relrrgt s E} usi gg@@a&ﬁgt@aﬁ@a@aﬁm@w&m@e}(be/Jna)rl.(ﬁm@ abRidl4 ﬂix@f@ﬁ@)exfr&ﬁéﬂ ted in
i sopr oggno? Ito o “ip ﬁ'i?fong&?z‘ Wr’%ﬁw at?'BFh:?gﬁ’??ig??ﬁq@?‘{']oggce?fs(tl-raﬁ%%e;c/ﬁ"{gﬁ\g n]:ar iowpr oved
resol uti on and (géeukoshaguessiumisuwihie) andcententtatedrby motary ayaporatian. dée gisidde of t he
met hod are as fify é)%di_sﬁﬂ@h Wvidrrd leth&Ob20THE ) sl bdoRtlaRadee. ARk (iRRGold Wasb Nm 5
Vol e: 10 1 1L VB RAESA s ATAGROR AP PPERSAY S0 oot el B8t 1 on: Ly
at 270 nm Tot alfitr®erto T10¥eof its REMerivaiume snddogling@h4°OrpeasitcqdRMECOMRZIOPRA( 5. 3 i n) ;
2R, 3S (7.3 m nkomBiReddfid 6 P78%Was BRind® (12.1 m n)
3-Amino-2-((3-pyridinyl)methyi)-1-azabicyclo[2.2.2]octane

To a stirred solution of 2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]octan-3-one
(3.00 g, 13.9 mmol) in dry methanol (20 mL), under nitrogen, was added a 1 M solution
of zinc chloride in ether (2.78 mL., 2.78 mmol). After stirring at ambient temperature for
30 min, this mixture was treated with solid ammonium formate (10.4 g, 167 mmol). After
stirring another hour at ambient temperature, solid sodium cyanoborohydride (1.75 g,
27.8 mmol) was added in portions. The reaction was then stirred at ambient
temperature overnight and terminated by addition of water (~ 5 mL). The quenched
reaction was partitioned between 5 M sodium hydroxide (10 mL) and chloroform (20
mL). The aqueous layer was extracted with chloroform (20 mL), and combined organic
layers were dried (sodium sulfate), filtered and concentrated. This left 2.97 g of yellow
gum. GCMS analysis indicated that the product was a 1:9 mixture of the cis and trans
amines, along with a trace of the corresponding alcohol (98% total mass recovery).
2R.38) and (2S.3R)-3-amino-2-({3-pyridinyl)methyl)-1-azabicyclo[2.2.2loctane

Di-p-toluoyl-D-tartaric acid (5.33 g, 13.8 mmol) was added to a stirred solution of

crude 3-amino-2-((3-pyridinyl)methyi)-1-azabicyclo[2.2.2]octane (6.00 g, 27.6 mmol of
1:9 cis/trans) in methanol (20 mL). After complete dissolution, the clear solution was
then concentrated to a solid mass by rotary evaporation. The solid was dissolved in a
minimum amount of boiling methanol (~5 mL). The solution was cooled slowly, first to
ambient temperature (1 h), then for ~ 4 h at 5°C and finally at -5°C overnight. The
precipitated salt was collected by suction filtration and recrystallized from 5 mL of
methanol. Air drying left 1.4 g of white solid, which was partitioned between chloroform
(5 mL) and 2 M sodium hydroxide (5 mL). The chloroform layer and a 5 mL chloroform
extract of the aqueous layer were combined, dried (anhydrous sodium sulfate) and
concentrated to give a colorless oil (0.434 g). The enantiomeric purity of this free base
was determined by conversion of a portion into its N-(tert-butoxycarbonyl)-L-
prolinamide, which was then analyzed for diastereomeric purity (98%) using LCMS.
The mother liquor from the initial crystallization was made basic (~ pH 11) with 2
M sodium hydroxide and extracted twice with chloroform (10 mL). The chloroform
extracts were dried (anhydrous sodium sulfate) and concentrated to give an oil. This

-09.



A representative chromat ogram of the stereoi sonmer anal ogues is shown in

Figure 12. Exanple 18: XRPD XRPD anal ysis was perfornmed for several
salt sanples herein described. Diffraction patterns for the hydrocl oride
(Figure 13) and the tosylate (Figure 14) salts are provided. X-Ray Powder
D ffraction (XRPD) X-Ray Powder Diffraction patterns were collected
either or both of two instrunents. Sonme were collected on a Si enens D5000

di ffract onet er dptﬁriel"(g.O@yH@ srradénapdsms&mwmemwo gmnénamehteﬂ wntﬁ/ﬁ@- di vergence
and receiving Stl i tf'e - E%R%Z€9I? con\%atrxe rg]rgp ewas (#Og olut,on

scintillation c% OF MBNCEe ¢
certified Cor ur?déthesp@ﬂﬁ%ﬁ*wl)/(tklt@ v?f@rﬁef)rememﬁmver@lghhﬁ h%IWG@P'thent

condi ti ons wer eolycRRAY &qtuasfmfduat rdatyattamzeﬁp@ﬁﬂ rRBRmollhill BigkdP TWE Rt 1305 gdtcei ved.
Appr oxi mat el y 3§nte oI|8f Ttgehea %/%) onve ?ntoqtﬁgl;r é’ba@g%%?dd 65&4 gé%nga’lw ty cut into

pol i shed, zero-backgroun I con was rotated in
its own plane cﬁnmtlﬁ@ewryé%%) V\geaﬁ?ﬁﬁmg uwg)the prolingmiglp mertfwgtaépigsqsipe@ 05 at 4
seconds per st gpovelsr theothatéadntibrier. = 1. 5406A) . Sonme X- Ray Powder
Diffraction patterns were collected on a Bruker AXS C2 GADDS diffractoneter
usi ng CuKa r adi at| on (40kV 40rrA automat ed XYZ st age, Iaser vi deo
mcroscope f or Tsansgnantigmerdh ¢fdk Scoriidinyhmethviin-agalicvolo[ 22 . 2lo¢tdEi onal ar ea
detector. X—ramm’rzbm@ngaaﬁ;bmeof a si ngI e Gabel mul til ayer m rror coupled

with a pinhole coll ffective
size of the X-ra bgnﬁéngkm?;ﬁ%msghm (O§gﬁég§£d%r oxl n@%%%d%d drop- ‘&&Q%o%
cont i nuous scaﬁo%@fm0f9m12w@exmwﬁ@2§ wmol) aféﬁté%‘l‘\ﬂﬁm‘@ﬁ @24mie of 20
cm whi ch gi ves carr e Vaﬁﬁdl)\hedraﬁlcmlaa@ah@fe (Bm). -AftdOstifting Ay4pbisnt enpéramres anpl e

woul d be exposqgrsb%wg ?goﬁlgnaoy zggggb ?\nOJZZ(% %ﬁ&%q%gwﬁzrrpl es run under
(i

anbi ent conditions ns using powder as
recei ved wit ho@?a%‘WP'ﬁ@tz CtaAﬁ@rQS"ilgn’aﬁwvd hat ﬁ‘ij“’@ﬁfr%@e diamiplueyiias i ghtly
pressed on a Sithrtaie AcideditPandit@etfirdie0.84 il 20.175g) 1 f7aeeo!) ibamhicaisromethannder

non- anbi ent cogg]nq i adld. %h@%@&oﬁ%ﬁ@e%i&drﬂe&% X‘Qﬁﬂan%e%heﬂ?&%tu&onduc“ ng

compound. The e was then heate tenpefaturé at ca.
10C/ mi n and sulﬁ@gg\?éﬁfﬂt?ﬂW@I‘@%’I@%'ﬁé‘w@ﬂ'q%1fT‘é %@Wa@'ﬁ'ﬁﬂreﬂ@ﬁore dat a
col | ecti on was sepdritbdandlthe Btgﬁiﬁuera@dmaabon‘o?@ra:ramumg aGahevat p&itrifyga( DSC) DSC

data ver e col| oghggh g1 1Al JVELCATHNLS, 04900 BH) BRSHtd ) b BQR0S L o

aut o- sanpl er t Fomeng rat t emper at ur e
cal i bration usiGi§ stiered eqleen, Pﬂ'@ﬂ %‘rﬁcew&f)‘leé"éﬂfqrwad'e%@" '“l'?@ 0f%each sanple, in
a pin-hol ed al uifiublobideti®adid, av\aiGerte@dreeht@tionld) Céiebtedl ffatiwns Q)EEIthrmgl)T’ﬁ\eZOOC A

ni trogen purge

Ther mo- Gr avi ot AP AR g%d”& SV o Ry G kit SR Beronate. and 7
| nst runent s QbGYaPPE3ton d’ﬂﬁ Fyseiorpy gave &310a (% vieldbef “@ﬁ? Eﬂ“édﬁh(ﬁ5°érf3“'eﬁ¥e

i nstrunment was Gcems)ehawﬂqsomhmzbcat:g)cb 8I51 [@p1 H)E8.34 (Bid,ael), Alearigs 11H), Tysgi(atal | y

o1 uni num DSc. b G W7 4281807 D @y Rap B D B W?‘Gﬁ%ﬁ% ure To
350C. A nltrogé”r?5pfhﬂ*§j)e39§('6dHh@rﬁ5rﬁmv€é'§ T (e din283 Gudh). f 8 (Baipl 1652
Pol ari zed Li ghtmMtr oscopy (PLM

This material (trans enantiomer A} was later determined to be identical, by chiral
chromatogrphic analysis, to material whose absolute configuration is 2S,3R (established
by x-ray crystallographic analysis).

yhbenzofuran-2-carboxamide
Diphenylchiorophosphate (96 L, 124 mg, 0.46 mmol) was added drop-wise to a
solution of the benzofuran-2-carboxylic acid (75 mg, 0.46 mmol) and triethylamine (64

L, 46 mg, 0.46 mmol) in dry dichloromethane (1 mL). After stirring at ambient
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Sanpl es were studied on a Leica LM DM pol arized |light mcroscope with a
digital video canera for inmage capture. A small anpunt of each sanple was
pl aced on a glass slide, nmounted in inmrersion oil and covered with a gl ass
slip, the individual particles being separated as well as possible. The
sanple was viewed with appropriate magnification and partially polarised
light, coupled to a A false-color filter. Hot Stage M croscopy (HSM

Hot Stage M c;rb W?Yuré!%ﬂ@ﬁ%é?ﬂxﬁw&f (%mssyg-mgh@-aapﬁmnmw)an zed Idi g_ht |
m cr oscope comnbi ne a ers e ar igita
vi deo canera f&8f® |'°|¥‘é[§%‘5'25’8?ﬂ? @:#Oﬂ’ %&TT’Q‘E%ME%?E@%WQ@%“ al%rr%m%\rfiv%'saﬁ%l aced
onto a gl ass slapideaiandirigthdanyinel@4 L. e ma efesmsalipar-dicipraretipee (1Y possi bl e.
Thle sarmldeI Waﬁ whk S&&d.l The r'@a&i&??&fc@lfe% ﬁets%mmagwl bﬁl:gllatait hrablerd Rehp@Rikuré, ahdl y .

pol ari ze ig oupled 19 a al.se-c . eate
from anbi ent tiﬁ?ﬁ@?éﬁ ‘f‘"ﬂ" f"y/"p?°€%l“| h>¥dr§ 'delﬁa}q‘ﬁﬁ ﬁ{.e b@éﬂ? mrr&ukeﬁ%:asgg %%e%or ption
(GVS) Sengthe organis ay¢rends chigrplempetrasti? MeXPf B agyacHeRYSWagot h of two
instruments. SeBRscHIHA BPFREW oERBEaSonVEThe rdsidle Wad digoldedvh mefBardd ardyburited SGA- 100
noi sture sorpti

0 al ~controlled. | El tware. The
sanpl e tenmper atbﬁgg%gzégé ﬁ‘{'co?fligﬁ}ecgﬁgp ' ‘%@@é\rf‘\n}!ﬁo"tﬁ uée’/W%gér%%féng cé@%‘b's. i ence
const ant t enpe0bYrtdflupeneetic Feid ap elienti Egncariationsf seleataddwclinps,prititioNNa r eans of
dry and V\C/g':1 nbﬁﬁquﬁjlmng}l'd%@u&\@étﬂé‘&n cflbfbﬂﬁﬁ aA@saturdtedadubeus sediurﬁﬂﬂcbma?tezogi B 86 id
usi ng a n ita cordin - . -0.

" i G pre % e HloBRnE B8 ads itedh Pl R ERY: ho 1 0 OO
under anbi ent ABHHEREPBTS wasTHRnTicahfeihab okipigedfpr theiPH3R iseneerf or  1SiFPe the st andard
adsor pti on i sotiifedapecisd bohisw@tedl ((RpEedntidher Brisiendreibmedcio iser a 5- 95% RH

e 2, A T Sl el 20

intervals over "a 95-¢ range. ] ncriteria included
0.0100 wt % i n Sonfigrratign of resenaatiamerRis Presyagd tohe 2R A% of 180 min for each %RH
data point. Some sorption isothernms were obtained using a Hi den

| GASor p noi st ur, {i 6. kfware. The
sanpl e tenper ateﬁ(?%&\rfgé L%&e%tg %%%g'ﬁﬁ%st'scggg’%) bﬁ%%ﬁ rﬁgﬂ'(l}:‘l&rh gﬁlﬁ ating water
bat h. The huni dahjcystei2.2glectanidtydaenzpfuiganiz-piybexamidaand S, 3RIN-E{iB-wet

nit rogeg, bwi th palriaiavmhethhpwaaaf@c|e[fz.z&j&gmyz)jimnzoﬁm-zmm?mmerwm‘ di tHgf was
nmeasured by a L br Vai.sal a RH probe (dynam c range of 0- 95% RH),

| ocat ed near tﬁéué%ﬁa%gtﬁ%g wei ght change, (rmass rel axation) of the sanple
as a function of % RH was constantly nonitored by the m crobal ance
(accuracy 0.002{ggfjuid eno)-1zazabigyclole. 2-210GlA30® \was placed in a tared
mesh stai nl ess st ees-Comsdidinonerngdmchdomide S5 kgaidi raohoamd metiasol $48fpllleverdas | oaded

and unl oaded at, 4006 Rib@D gl(a)%ﬁr{g%cﬁi&y Rk Bhadd 3R hifBden @MREbAdre B8ippe Wi ST UT €

sorption isothermwas per as outlined belo 2.scans gi i 1
conpl et e cycl e)Mechnicabtis Ry RFHeRYH m%qenmacgn‘i?@?ﬁ%%éﬁf“&k hyg@ég%{é‘é%g‘% RH
i nterval s over 99.00nd)0f4sRHddd viscnmevder@vel@yaeani approsinhiely 3P anirpesiod resulting
in a rise in reaction temperature from 50°C to 56°C. Over an approximately 2 h period,
3-pyridinecarboxaldehyde (4.80 kg, 44.9 mol) was added to the reaction mixture. The
resulting mixture was stirred at 20°C + 59C for a minimum of 12 h, as the reaction was
monitored by thin layer chromatography (TLC). Upon completion of the reaction, the
reaction mixture was filtered through a sintered glass funnel and the filter cake was
washed with methanol (74.2 L). The filtrate was concentrated, transferred to a reaction
flask, and water (66.0 L) was added. The suspension was stirred for a minimum of 30
min, filtered, and the filter cake was washed with water (90.0 L) until the pH of the rinse
was 7-9. The solid was dried under vacuum at 50°C + 5°C for a minimum of 12 h to give
8.58 kg (89.3%) of 2-((3-pyridinyl)methylene)-1-azabicyclo[2.2.2]octan-3-one.
28)-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]octan-3-one di-p-toluoyl-D-tartrate salt
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Paranet ers Val ues Adsorption - Scan 1 40 - 90 Desorption / Adsorption -

Scan 2 85 - Dry, Dry - 40 Intervals (% RH 10 Nunber of Scans 2 Flow rate
(mJm n) 250

2-((3-Pyridinylymethylene)-1-azabicyclo[2.2.2]Joctan-3-one (5.40 kg, 25.2 mol)
and methanol (40.5 L) were added to a 72 L reaction vessel under an inert atmosphere
equipped with a mechanical stirrer, temperature probe, low-pressure gas regulator
system, and pressure gauge. The headspace was filled with nitrogen, and the mixture
was stirred to obtain a clear yellow solution. To the flask was added 10% palladium on
carbon (50% wet) (270 g). The atmosphere of the reactor was evacuated using a
vacuum pump, and the headspace was replaced with hydrogen to 10 to 20 inches water
pressure. The evacuation and pressurization with hydrogen were repeated 2 more
times, leaving the reactor under 20 inches water pressure of hydrogen gas after the third
pressurization. The reaction mixture was stirred at 20°C + 5°C for a minimum of 12 h,
and the reaction was monitored via TLC. Upon completion of the reaction, the
suspension was filtered through a bed of Celite®545 (1.9 kg) on a sintered glass funnel,
and the filter cake was washed with methanol (10.1 L). The filtrate was concentrated to
obtain a semi-solid which was transferred, under an nitrogen atmosphere, to a 200 L
reaction flask fitted with a mechanical stirrer, condenser, and temperature probe. The
semi-solid was dissolved in ethanol (57.2 L), and di-p-toluoyl-D-tartaric acid (DTTA)
(9.74 kg, 25.2 mol) was added. The stirring reaction mixture was heated at reflux for a
minimum of 1 h, and for an additional minimum of 12 h while the reaction was cooled to
between 15°C and 30°C. The suspension was filtered using a tabletop filter, and the

filter cake was washed with ethanol (11.4 L). The product was dried under vacuum at
ambient temperature to obtain 11.6 kg (76.2% yield, 59.5% factored for purity) of (25)-2-
((3- pyndmyl)methyl) 1-azab|cyclo[2 2.2]octan-3-one di-p-toluoyl-D-tartrate sait.

Water (46.25 L) and sodium bicarbonate (4.35 kg, 51.8 mol) were added to a
200 L flask. Upon complete dissolution, dichloromethane (69.4 L) was added. (2S)-2-
((3-Pyridiny)methyl)-1-azabicyclo[2.2.2]octan-3-one di-p-toluoyl-D-tartrate salt (11.56
kg, 19.19 mol) was added, and the reaction mixture was stirred for between 2 min and
10 min. The layers were allowed to separate for a minimum of 2 min (additional water
(20 L) was added when necessary to partition the layers). The organic phase was
removed and dried over anhydrous sodium sulfate. Dichloromethane (34.7 L) was
added to the remaining aqueous phase, and the suspension was stirred for between 2
min and 10 min. The layers were aliowed to separate for between 2 min and 10 min.
Again, the organic phase was removed and dried over anhydrous sodium sulfate. The
extraction of the aqueous phase with dichloromethane (34.7 L) was repeated one more
time, as above. Samples of each extraction were submitted for chiral HPLC analysis.
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The sodium sulfate was removed by filtration, and the filtrates were concentrated to
obtain (2S)-2-((3-pyridinyl)ymethyl)-1-azabicyclo[2.2.2]octan-3-one (4.0 kg) as a solid.

The (28)-2-((3-pyridinyl)methyl)-1 -azabicyclo[z.2.2]octan-3-one (3.8 kg) was
transferred to a clean 100 L glass reaction flask, under a nitrogen atmosphere, fitted
with a mechanical stirrer and temperature probe. Anhydrous tetrahydrofuran (7.24 L)
and (+)-(R)-a-methylbenzylamine (2.55 L, 20.1 mol) were added. Titanium(lV)
isopropoxide (6.47 L, 21.8 mol) was added to the stirred reaction mixture overa 1 h
period. The reaction was stirred under a nitrogen atmosphere for a minimum of 12 h.
Ethanol (36.17 L) was added to the reaction mixture. The reaction mixture was cooled
to below -5°C, and sodium borohydride (1.53 kg, 40.5 mol) was added in portions,
keeping the reaction temperature below 152C (this addition took several hours). The
reaction mixture was then stirred at 15°C + 10°C for a minimum of 1 h, The reaction
was monitored by HPLC, and upon compiletion of the reaction (as indicated by less than
0.5% of (28)-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]octan-3-one remaining), 2 M
sodium hydroxide (15.99 L) was added and the mixture was stirred for a minimum of 10
min. The reaction mixture was filtered through a bed of Celite®545 in a tabletop funnel.
The filter cake was washed with ethanol (15.23 L), and the filtrate was concentrated to
obtain an oil.

The concentrate was transferred to a clean 100 L glass reaction flask equipped
with a mechanical stirrer and temperature probe under an inert atmosphere. Water (1 L)
was added, and the mixture was cooled to 0°C + 5°C. 2 M Hydrochloric acid (24 L) was -
added to the mixture to adjust the pH of the mixture to pH 1. The mixture was then
stirred for a minimum of 10 min, and 2 M sodium hydroxide (24 L) was slowly added to
adjust the pH of the mixture to pH 14. The mixture was stirred for & minimum of 10 min,
and the aqueous phase was extracted with dichloromethane (3 x 15.23 L). The organic
phases were dried over anhydrous sodium sulfate (2.0 kg), filtered, and concentrated to
give (25,3R)-N-((1R)-phenylethyl)-3-amino-2-((3-pyridinyl)methyl) )-1-
azabicyclo[2.2.2]octane (4.80 kg, 84.7% vield).

The (2S,3R)-N-((1R)-phenylethyl)-3-amino-2-((3-pyridinylmethyl)-1-
azabicyclo[2.2.2]octane was transferred to a 22 L. glass flask equipped with a
mechanical stirrer and temperature probe under an inert atmosphere. Water (4.8 L) was
added, and the stirring mixture was cooled to 52C + 52C. Concentrated hydrochloric
acid (2.97 L) was slowly added to the reaction flask, keeping the temperature of the
mixture below 25°C. The resulting solution was transferred to a 72 L reaction flask
containing ethanol (18 L), equipped with a mechanical stirrer, temperature probe, and
condenser under an inert atmosphere. To the flask was added 10% palladium on
carbon (50% wet) (311.1 g) and cyclohexene (14.36 L). The reaction mixture was

83,



The software uses a | east squares mnimzation procedure together with a

nodel of the mass relaxation, to predict an asynptotic val ue. The neasured
mass rel axation value nust be within 5% of that predicted by the software,
before the next % RH value is selected. The mninmum equilibration time was
set to 1 h and the maxinumto 4 h. Typically, sanples were recovered after
conpl etion of the isothermand re-analyzed by XRPD. Water Determ nation by

Karl Fischer (KR}ed at near-refli€ioV@inMimmP&18 Al ar@ftheddsRorbwdasmanitvasbyrBas ur ed on a

Mettl er Tol edo OL39 Coul oneter usi dr anal Coul <and an
argon purge. VEPYHOMPSHN %é‘?ﬁ&ﬁ"é‘s‘rﬂ%&%‘%m"?%&”%%%?%[gﬁ%"o&t V‘yefs\ai/(g%gét on a
pl ati num TGA puaas fitltedthrovab aded picQstitet46 1.2k aha sielgredgigsaivonel Thete™ i ngress.
Approx 10 ng Of, @R kifseWRfih MRS @8 arld thd MitdtORastdfceidrbd ©abrind@t er ni nati on

wer e made. Ther nodynam ¢ ueouys Sol ubi | i by HP . 20US
solubility wasa‘é}@f%sr%aﬁeeﬁ%? @%s’ﬁ@r’?’&?ﬁ egh‘%/tP i é’éolngenntlr&g%%%tﬁ’n@gﬁéjo. 25 nL of
wat er to give eombbadragwacks lapdr waewashad with methy! rt-tutvbethrs (MRS @ 1é7Bhk ent
free-formof tbe QRTAPHARxKIA] N8 51YFREARIEOR thESuesiiiphdseaddpdt @b pAobGhéor 24 h,

Gl'ass 11 ber C MPHFER Ao o opyicyss BRI AN AR AR Gl S RalBL2 12" 8
a factor of 10phas@uanextiagted with chipsofern (HRILTO6G-% #ndities eopbinedoganiaP@eefdar d
2?;‘;;;‘33 OL i ?E%?@gﬁ%&@h’iﬂh irdus B340 s}:lfbtd:?b’.@@kg)DiTﬁé R kasfbierasd of t he
solubility was C%F@ﬁfegt{% '*?Jlgjfzﬁg’”fﬁé‘ gﬁ@éﬁhggﬂg‘gﬁﬁ'?ﬁ Irlgjtjeg;e?ht -(Ia-ngat i on of
t he peak foundazbicy¢iei2.8 8lvetaneBdfky.oravantipivegeldliss appi-nci pal peak in the
f( }?ggd % S Lgll leg t It gn : THef(znée,:lrir?f:@am&ﬁz- stgvjridmyliﬁﬁathwqLaizdbi&yalonzmez]cfc;dnb emspl ate, the
o 1y et TN oL ARl ogh SRR 20100
Col uim: Phenoneersienden and te@peratuge) prepeyiflergp inert Atnppsphere. Ethanol (38.4 L) and di-

p-toluoyl-D-tartaric acid (3.58 kg, 9.27 mol) were added. The reaction mixture was

heated at gentle reflux for a minimum of 1 h. The reaction mixture was then stirred for a

minimum of 12 h while it was cooled to between 15°C and 30°C. The resulting

suspension was filtered, and the filter cake was washed with ethanol (5.76 L). The filter

cake was transferred to a clean 100 L glass reaction flask equipped with a mechanical

stirrer, temperature probe, and condenser under an inert atmosphere. A 9:1
ethanol/water solution (30.7 L) was added, and the resulting slurry was heated at gentle
reflux for a minimum of 1 h. The reaction mixture was then stirred for a minimum of 12 h
while cooling to between 152C and 302C. The mixture was filtered and the filter cake
was washed with ethanol (5.76 L). The product was collected and dried under vacuum
at 50°C + 5°C for a minimum of 12 h to give 5.63 kg (58.1% yield) of (2S,3R)-3-amino-2-
((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]octane di-p-toluoyl-D-tartrate salt.

carboxamide

(2S,3R)-3-Amino-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]octane di-p-toluoyl-D-
tartrate salt (3.64 kg, 5.96 mol) and 10% aqueous sodium chloride solution (14.4 L, 46.4
mol) were added to a 72 L glass reaction flask equipped with a mechanical stirrer under
an inert atmosphere. 5 M Sodium hydroxide (5.09 L) was added to the stirring mixture
to adjust the pH of the mixture to pH 14. The mixture was then stirred for a minimum of
10 min. The aqueous solution was extracted with chloroform (4 x 12.0 L), and the
combined organic layers were dried over anhydrous sodium sulfate (1.72 kg). The
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combined organic layers were filtered, and the filtrate was concentrated to obtain
(28,3R)-3-amino-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]octane (1.27 kg) as an oil.
The (25,3R)-3-amino-2-((3-pyridinyl)methyl)- 1-azabicyclo[2.2.2]octane was
transferred to a 50 L glass reaction flask equipped with a mechanical stirrer under an
inert atmosphere. Dichloromethane (16.5 L), triethylamine (847 mL, 6.08 mol),
benzofuran-2-carboxylic acid (948 g, 5.85 mol) and O-(benzotriazol-1-yl)-N,N,N,1-
tetramethyluronium hexafluorophosphate (HBTU) (2.17 kg, 5.85 mol) were added to the
reaction mixture. The mixture was stirred for a minimum of 4 h at ambient temperature,
and the reaction was monitored by HPLC. Upon completion of the reaction, 10%
aqueous potassium carbonate (12.7 L, 17.1 mol) was added to the reaction mixture and
the mixture was stirred for a minimum of 5 min. The layers were separated and the
organic phase was washed with 10% brine (12.7 L). The layers were separated and the
organic phase was cooled to 152C = 10 2C. 3 M Hydrochloric acid (8.0 L) was slowly
added to the reaction mixture to adjust the pH of the mixture to pH 1. The mixture was
then stirred for a minimum of 5 min, and the layers were allowed to partition for a
minimum of 5 min. The solids were filtered using a table top filter. The layers of the
filtrate were separated, and the aqueous phase and the solids from the funnel were
transferred to the reaction flask. 3 M Sodium hydroxide (9.0 L) was slowly added to the
flask in portions to adjust the pH of the mixture to pH 14. The aqueous phase was
extracted with dichloromethane (2 x 16.5 L). The combined organic phases were dried
over anhydrous sodium sulfate (1.71 kg). The mixture was filtered, and the filtrate was
concentrated to give (28,3R)-N-(2-((3-pyridinylymethyl)-1-azabicyclo[2.2.2]octan-3-
yhbenzofuran-2-carboxamide (1.63 kg, 77.0% yield) as a yellow solid.
28,3R)-N-(2-((3-pyridinylymethyl)-1-azabicyclo[2.2.2Joct-3-yl[benzofuran-2-carboxamide
p-toluenesulfonate
(28,3R)-N-(2-((3-Pyridinyl)methyl)-1-azabicyclo[2.2.2]octan-3-yl)benzofuran-2-
carboxamide (1.62 kg, 4.48 mol) and dichloromethane (8.80 kg) were added into a
carboy. The weight/weight percent of the material in solution was determined through
HPLC analysis. The solution was concentrated to an oil, acetone (4 L) was added, and

the mixture was concentrated to an oily solid. Additional acetone (12 L) was added to
the oily solid in the rotary evaporator bulb, and the resulting slurry was transferred to a
50 L glass reaction flask with a mechanical stirrer, condenser, temperature probe, and
condenser under an inert aimosphere. The reaction mixture was heated to 502C + 5°C.
Water (80.7 g) was added to the solution, and it was stirred for a minimum of 10 min. p-
Toluenesulfonic acid (853 g, 4.44 mol) was added to the reaction mixture in portions
over approximately 15 min. The reaction mixture was heated to reflux and held at that
temperature for a minimum of 30 min to obtain a solution. The reaction was cooled to
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40°C + 5°C over approximately 2 h. Isopropyl acetate (14.1 L) was added over
approximately 1.5 h. The reaction mixture was slowly cooled to ambient temperature
over a minimum of 10 h. The mixture was filtered and the filter cake was washed with
isopropyl acetate (3.5 L). The isolated product was dried under vacuum at 105°C = 52C
for between 2 h and 9 h to give 2.19 kg (88.5% yield) of (25,3R)-N-(2-((3-
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide p-
toluenesulfonate, mp 226-228°C. 'H NMR (500 MHz, D,0) 8 8.29 (s, 1H), 7.78 (m, J=
5.1,1H),7.63(d, J=7.9, 1H), 7.54 (d, J= 7.8, 1H), 7.49(d, J= 8.1, 2H),7.37 (m, J =
8.3, 1H), 7.33(m, J=8.3,6.9,1.0, 1H),7.18 (m, J=7.8,6.9,1.0, 1H), 7.14 (d, J=8.1,
2H), 7.09 (s, 1H), 6.99 (dd, J=7.9, 5.1, 1H), 4.05 (m, J=7.7, 1H), 3.74 (m, 1H), 3.47
(m, 2H), 3.28 (m, 1H), 3.22 (m, 1H), 3.15 (dd, J= 13.2,4.7, 1H), 3.02 (dd, /= 13.2,
11.5, 1H), 2.19 (s, 3H), 2.02 (m, 2H), 1.93 (m, 2H), 1.79 (m, 1H). *C NMR (126 MHz,
D.0) 5 157.2, 154.1, 150.1, 148.2, 146.4, 145.2, 138.0, 137.0, 130.9, 128.2 (2), 126.9,
126.8, 125.5 (2), 123.7, 123.3, 122.7, 111.7, 100.7, 61.3, 50.2, 48.0, 40.9, 33.1, 26.9,
21.5,2058, 17.0.

Samples of this material were converted into Compound A free base (for use in
salt selection studies) by treatment with aqueous sodium hydroxide and extraction with
chloroform. Thorough evaporation of the chloroform left an off-white powder, mp 167-
170°C, with the following spectral characteristics: Positive ion electrospray MS [M+H]*
jon m/z = 362. 'H NMR (500 MHz, DMSO-ds) 8 8.53 (d, J=7.6 Hz, 1H), 8.43 (d, J=1.7
Hz, 1H), 8.28 (dd, J = 1.6, 4.7 Hz, 1H), 7.77 (d, J= 7.7 Hz, 1H), 7.66 (d, J= 8.5 Hz, 1H),
7.63 (dt, J= 1.7, 7.7 Hz, 1H), 7.52 (s, 1H), 7.46 (m, J=8.5, 7.5 Hz, 1H), 7.33 (m, J=
7.7,7.5 Hz, 1H), 7.21 (dd, J = 4.7, 7.7 Hz, 1H), 3.71 (m, J= 7.6 Hz, 1H), 3.11 (m, 1H),
3.02 (m, 1H), 2.80 (m, 2H), 2.69 (m, 2H),-2.55 (m, 1H), 1.80 (m, 1H), 1.77 (m, 1H), 1.62
(m, 1H), 1.56 (m, 1H), 1.26 (m, 1H). 'C NMR (126 MHz, DMSO-ds) 5 158.1, 154.1,
150.1, 149.1, 146.8, 136.4, 135.4, 127.1, 126.7, 123.6, 122.9, 122.6, 111.8, 109.3, 61.9,
53.4,49.9, 40.3, 35.0, 28.1, 26.1, 19.6.

The monohydrochioride salt of Compound A (see Example 5) was submitted for
x-ray crystallographic analysis. The resulting crystal structure (shown in Figures 10A
and 10B, respectively) established the 2S,3R absolute configuration of Compound A.

Example 3: Synthesis of (25,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-
3-yl)benzofuran-2-carboxamide phosphate salt

To a round bottom flask was added (2S,3R)-N-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide (8.18 g, 22.6 mmol) and 2-propanol
(180 mL). The mixture was stirred and heated at 65-70°C until all solids had dissolved.
The solution was vigorously stirred at 65-702C, and phosphoric acid (1.65 mL, 24.3
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mmol) was added drop-wise by pipette. Immediately, a white, granular solid formed.
The mixture was stirred at 65-70°C for 30 minutes, cooled to ambient temperature
(239C) and stirred for an additional 24 h. The white solids were collected by suction
filtration, the filter cake was washed with 2-propanol (20 mL) and the solid was air-dried
for at least 1 h. The solid was dried further in a vacuum oven at 75°C overnight (16 h) to
give 10.7 g of the product (>quantitative yield), mp 265-273°C with decomposition, with
crystallinity changes observed at ~180°C. 'H-NMR (DMSO-ds) indicated the presence
of 2-propanol (strong solvate), which may explain the greater than quantitative yield.
Chiral LC analysis gave a purity of 97.1% (270 nm).

Example 4: Synthesis of (2S,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-
3-yl)benzofuran-2-carboxamide maleate salt

Maleic acid (0.067 g, 0.630 mmol) was added to a hot slurry of (28,3R)-N-(2-((3-
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide (0.203 g, 0.560
mmol) in isopropyl acetate (2 mL), depositing fine, white solids, along with a gummy
residue. Additional isopropyl acetate (3 mL) and maleic acid (0.006 g) were added, and
the mixture was heated to reflux. Isopropanol (5 mL) was added at reflux. The resulting
mixture of white solids was cooled to ambient temperature, filtered, and the solids were
washed with isopropyl acetate (2 mL). The product was dried under vacuum at 60°C for
18 h to give 0.228 g of an off-white, flaky solid (84.7% yleld), mp 180-182°C. 'H NMR
(DMSO-dg) indicated a mono-salt stoichiometry. Calc’d for CaoHzaNzOs - C4H404: C,
65.40; H, 5.70; N, 8.80; Found: C, 65.35, 65.29; H, 5.86, 5.68; N, 8.69, 8.78.

Example 5: Synthesis of (2S,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-
3-yl)benzofuran-2-carboxamide hydrochloride salts

Monohydrochloride: A hydrochloric acid/THF solution was prepared by adding of
concentrated hydrochloric acid (1.93 mL of 12M, 23.2 mmol) drop-wise to 8.5 mL of
chilled THF. The solution was warmed to ambient temperature. To a round bottom
flask was added (2S,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-
yl)benzofuran-2-carboxamide (8.49 g, 23.5 mmol) and acetone (85 mL). The mixture
was stirred and heated at 45-50°C until a complete solution was obtained. The
hydrochloric acid/THF solution prepared above was added drop-wise over a 5 min
period, with additional THF (1.5 mL) used in the transfer. Granular, white solids began
to form during the addition of the acid solution. The mixture was cooled to ambient
temperature, and stirred overnight (16 h). The solids were collected by suction filtration,
the filter cake was washed with acetone (10 mL), and the solid was air-dried with suction
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for 30 min. The solid was further dried in a vacuum oven at 75°C for 2 h to give 8.79 g
of the fine white crystals (94% yield), mp 255-2622C. Chiral LC analysis gave a purity of
98.8% (270 nm). 'H-NMR (DMSO-d;) shows no residual solvents and confirms mono
stoichiometry. 'H NMR (300 MHz, DMSO-ds) 8 10.7 (broad s, 1H — quaternary
ammonium), 8.80 (broad s, 1H — amide H), 8.54 (s, 1H), 8.23 (d, 1H), 7.78 (d, 1H), 7.74
(d, 1H), 7.60 (d, 1H), 7.47 (m, 2H), 7.33 (m, 1H), 7.19 (m, 1H), 4.19 (m, 1H), 4.08 (m,
1H), 3.05-3.55 (m, 6H), 2.00-2.10 (m, 3H), 1.90 (m, 1H), 1.70 (m, 1H). An x-ray
crystallographic analysis of this salt established stereochemical assignment and
stoichiometry (see Figures 10A and 10B).

Dihydrochloride: Hydrogen chioride gas was slowly bubbled into a ice cooled
solution of (2S,3R)-N-{2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-
carboxamide (1.9 g, 5.3 mmol) in anhydrous ether (25 mL). The volatiles were
removed, first in a nitrogen stream and then with high vacuum (sodium hydroxide
scrubber in high vacuum line). The residue was triturated several times with small
volumes of anhydrous ether (discarded), and the remaining solid was dried under high
vacuum. This gave 2.17 ¢ (94% yield) of off-white powder, mp 210-212°C
(hygroscopic). Chiral LC analysis gave a purity of 93.7% (270 nm). Positive ion
electrospray MS [M+HJ" ion m/z = 362. 'H NMR (300 MHz, CD;0D) 6 9.15 (s, 1H), 8.84
(d, 1H), 8.63 (d, 1H), 7.97 (t, 1H), 7.75 (d, 1H), 7.61 (d, 1H), 7.52 (m, 2H), 7.35 (t, 1H),
4.50 (m, 1H), 4.32 (m, 1H), 3.40-3.85 (m, 6H), 1.95-2.40 (m, 5H).

Example 6: Synthesis of (28,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-
3-ylbenzofuran-2-carboxamide hemigalactarate sait

Galactaric (mucic) acid (36.3 mg, 0.173 mmol) was added to a solution of
(2S,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-
carboxamide (125 mg, 0.346 mmol) in hot ethanol (1 mL). The mixtrue was refluxed as
water (8 drops) was added; then the hot mixture was filtered through a cotton plug,
which was subsequently rinsed with ethanol (1 mL). Cooling failed to give a precipitate.
The volatiles were removed by rotary evaporation, and the residue (white foam) was
triturated with isopropanol (discarded), and the remaining solid disolved in refluxing
acetone/water (4 mL of 7:1). Slow cooling to 5°C produced a white solid, which was
filtered off, washed with isopropanol (3 x 1 mL), and dried under high vacuum. This left
118 mg (73% vield) fine white plates, mp 134-1392C. 'H NMR (300 MHz, D,0) & 8.29
(s, 1H), 7.78 (d, 1H), 7.62 (d, 1H), 7.54 (d, 1H), 7.35 (m, 2H), 7.18 (t, 1H), 7.10 (s, 1H),
6.98 (m, 1H), 4.08 (s, 1H, galactarid acid), 3.98 (d, 1H), 3.77 (s, 1H, galactaric aicd),
3.66 (m, 1H), 3.35 (m, t1H), 2.95-3.30 (m, 4H), 1.65-2.05 (m, 5H).
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Example 7: Synthesis of (25,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-
3-yhibenzofuran-2-carboxamide D-tartrate salt

Tartaric acid (25.6 mg, 0.173 mmol) was added to a solution of (28,3R)-N-(2-((3-
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide (125 mg, 0.346
mmol) in hot ethanol (1 mL). The resulting solution was slowly cooled to ambient
temperature. No solids precipitated, so the sloution was concentrated to give a white
foam. Attempts to crystallize in isopropanol failed. The foam was dissolved in methanol
and another half-equivalent of tartaric acid (25.6 mg, 0.173 mmol) was added. The
mixture was concentrated to give a white foam, which would not crystallize from
mixtures of methanol and isopropanol. The concentrated material (mixture of solid and
gummy liquid) was then slurried in ethyl acetate (1 mL), producing a white solid. This
was isolated by filtration (ethyl acetate wash) and drying in a vacuum oven (18 h at
40°C), to give 141 mg (79.7% vyield) of the mono stoichiometry salt (NMR}), mp 136-
140°C. Chiral LC analysis gave a purity of 98.1% (270 nm). 'H NMR (300 MHz, D,O) &
8.50 (s, 1H), 8.01 (d, 1H), 7.86 (d, 1H), 7.75 (d, 1H), 7.56 (m, 2H), 7.38 (1, 1H), 7.32 (s,
1H), 7.21 (t, 1H), 4.34 (s, 2H, tartaric acid), 4.26 (d, 1H), 3.95 (m, 1H), 3.64 (m, 2H),
3.15-3.55 (m, 4H), 1.90-2.30 (m, 5H).

Example 8: Synthesis of (23,3R)-N-(2-((3-pyridinyl)methyl)-1 -azabicyclo[2.2.2]oct-
3-yl)henzofuran-2-carboxamide methanesulfonate salt

Methaesulfonic acid (33.2 mg, 0.346 mmol) was added to a solution of (2S,3R)-
N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide (125
mg, 0.346 mmol) in hot ethanol (1 mL). Cooling failed to produce a precipitate. The
mixture was refluxed, and the hot mixture was filtered through a cotton plug, which was
subsequently rinsed with methanol (1 mL). The volatiles were removed by rotary
evaporation, and the residue (light yellow foam) was dissolved in hot isopropanol (1
mL). Agaih, cooling failed to give a precipitate. The isopropanol was evaporated, and
the residue was slurried in acetone (1 mL). Filtration and vacuum oven drying (18 h at
50°C) gave 146 mg (92.5% yield) of light beige solid, mp 240-243°C. 'H NMR (300
MHz, D,O) 6 8.32 (s, 1H), 7.82 (d, 1H), 7.66 (d, 1H), 7.57 (d, 1H), 7.38 (m, 2H), 7.20 (m,
1H), 7.12 (s, 1H), 7.01 (m, 1H), 4.09 (d, 1H), 3.75 (m, 1H), 3.47 (m, 2H}), 3.00-3.40 (m,
4H), 2.67 (s, 3H, methanesuifonic acid), 1.75-2.15 (m, 5H).

Example 9: Synthesis of (2S,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-
3-yl)henzofuran-2-carboxamide D-mandelate sait

D-Mandelic acid (52.6 mg, 0.346 mmol) was added to a solution of (25,3R)-N-(2-
((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide (125 mg,
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0.346 mmol) in hot ethanol (1 mL). Dilution with ethyl acetate (4 mL) and cooling failed
to produce a precipitate. The volatiles were removed by rotary evaporation, and the
residue (white foam) was dissolved in hot isopropanol (0.5 mL). Cooling to 5°C
produced white crystals which were collected by suction filtration. Vacuum oven drying
(18 h at 45°C) gave 111 mg (62.4% yield) of light beige solid, mp 188.5-193°C. 'H NMR
(800 MHz, D,O) 5 8.33 (s, 1H), 7.83 (s, 1H), 7.67 (d, 1H), 7.60 (d, 1H), 7.27 (m, 8H,
includes mandelic acid), 7.12 (s, 1H), 7.01 (m, 1H), 4.85 (s, 1H, mandelic acid), 4.10 (d,
1H), 3.75 (m, 1H), 3.48 (m, 2H), 3.00-3.40 (m, 4H), 1.75-2.15 (m, 5H).

Example 10: Synthesis of (2S,3R)-N-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide R-camphorsuifonate salit

R-10-Camphorsulfonic acid (80.3 mg, 0.346 mmol) was added to a solution of
(28,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-
carboxamide (125 mg, 0.346 mmol) in hot ethanol (1 mL). Cooling failed to deposit any
precipitate. The volatiles were removed by rotary evaporation, and the residue (white
foam) was dissolved in hot isopropanol (0.5 mL). Cooling to 5°C produced a few white
crystals and a milky suspension. Scratching the sides of the flask with a spatula
eventually transformed the mixture into a thick mass of fine white crystals. Another 0.5
mL of isopropanol was added, and the crystals were collected by suction filtration.
Vacuum oven drying (5 h at 70°C, followed by 2 h at 1102C) gave 193 mg (93.8% yield)
of white solid, mp 149.5-156°C. 'H NMR (300 MHz, D,0) & 8.30 (s, 1H), 7.79 (d, 1H),
7.64 (d, 1H), 7.55 (d, 1H), 7.36 (m, 2H), 7.18 (m, 1H), 7.11 (s, 1H), 6.99 (m, 1H), 4.07
{d, 1H), 3.73 (m, 1H), 3.45 (m, 2H), 3.95-3.35 (m, 5H, includes camphorsulfonic acid),
2.64 (d, 1H, camphorsulfonic acid), 2.22 (m, 2H), 1.70-2.10 (m, 8H, includes
camphorsulfonic acid), 1.45 (m, 1H, camphorsulfonic acid), 1.25 (m, 1H,
camphorsulfonic acid), 0.85 (s, 3H, camphorsulfonic acid), 0.68 (s, 3H, camphorsulfonic
acid).

Example 11: Synthesis of (25,3R)-N-(2-((3-pyridinyl)methyi)-1-
azablcyclof2.2.2]oct-3-yl)benzofuran-2-carboxamide S-camphorsulfonate salt
8-10-Camphorsulfonic acid (80.3 mg, 0.346 mmol) was added to a solution of
(25,3R})-N-(2-({3-pyridinylymethyl)-1-azabicyclof2.2.2]oct-3-yl)benzofuran-2-
carboxamide (125 mg, 0.346 mmol) in hot ethanol (1 mL). Dilution with ethyl acetate (4
mL} and cooling failed to deposit any precipitate. The volatiles were removed by rotary
evaporation, and the residue (white foam) was dissolved in hot isopropanol (1.5 mL).
Cooling to 52C produced white crystals. The mixture was concentrated to ~0.5 mL and
cooled again to 52C. The solid was then collected by suction filtration and vacuum
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dried, initially 18 h at 452C, but then at successively higher temperatures (finally at
1102C) to remove residual isopropanol. This provided 143 mg (69.7% yield) of white
solid, mp 153.5-157°C. 'H NMR (300 MHz, D,0) & 8.29 (s, 1H), 7.79 (d, 1H), 7.63 (d,
1H), 7.54 (d, 1H), 7.34 (m, 2H), 7.18 (m, 1H), 7.10 (s, 1H), 6.99 (m, 1H), 4.05 (d, 1H),
3.73 (m, 1H), 3.44 (m, 2H), 3.95-3.35 (m, 5H, includes camphorsulfonic acid), 2.67 (d,
1H, camphorsulfonic acid), 2.23 (m, 2H), 1.70-2.10 (m, 8H, includes camphorsulfonic
acid), 1.46 (m, 1H, camphorsulfonic acid), 1.25 (m, 1H, camphorsulfonic acid), 0.84 (s,
3H, camphorsulfonic acid), 0.64 (s, 3H, camphorsulfonic acid).

Using procedures similar to those reported above (examples 3-11), several other
salt forms were characterized. The results of these preparations are reported in
examples 12-14.

Example 12: Synthesis of (2S,3R)-N-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide sulfate salt

A sulfate salt was precipitated from a mixture of isopropyl acetate and water.
MP 2782C. 'H NMR (400 MHz, DMSO-dg) & 9.28 (broad s, 1H, amide), 8.56 (dd, 1H),
8.24 (t, 1H), 7.77 (d, 1H), 7.74 (d, 1H), 7.60 (s, 1H), 7.40 (m, 2H), 7.35 (s, 1H), 7.21 (m,
1H), 4.21 (m, 1H), 3.93 (m, 2H), 3.10-3.60 (m, 5H), 2.05 (m, 3H), 1.92 (m, 1H), 1.73 (m,
1H).

Example 13: Synthesis of (2S,3R)-N-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide ketoglutarate salt
An a-ketoglutarate salt was precipifated from isopropyl acetate. MP 177°C. 'H
NMR (400 MHz, DMSO-ds) & 8.64 (s, 1H, amide), 8.50 (d, 1H), 8.20 (d, 1H), 7.74 (d,
1H), 7.70 (d, 1H), 7.60 (m, 1H), 7.45 (m, 1H), 7.32 (m, 2H), 7.18 (m, 1H), 4.10 (m, 1H),
. 3.78 (m, 2H), 3.00-3.45 (m, 5H), 2.81 (m, 2H, ketoglutaric acid), 2.41 (m, 2H,
ketoglutaric acid), 1.96 (m, 3H), 1.83 (m, 1H), 1.60 (m, 1H).

Example 14: Synthesis of (2S,3R)-N-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide hippurate salt

A hippurate salt was precipitated from acetone (too hygroscopic to obtain melting
point). 'H NMR (400 MHz, DMSO-d;) 6 8.79 (s, 1H, amide), 8.56 (d, 1H), 8.44 (s, 1H,
hippuric acid), 8.29 (m, 1H), 7.87 (m, 2H, hippuric acid), 7.76 (d, 1H), 7.65 (m, 1H), 7.54
(m, 1H), 7.49 (m, 4H, includes hippuric acid), 7.34 (m, 2H), 7.21 (m, 1H), 3.91 (m, 1H),
3.74 (m, 2H), 3.00-3.50 {m, 5H), 2.80 (m, 2H, hippuric acid), 1.79 (m, 2H), 1.60 (m, 2H),
1.30 (m, 1H).
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Example 15: Isolation of (2R,3R)- and (25,3S)-N-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide and conversion to galactaric
acid salts

A sample of the supernatant from the isolation of (25,3R)-N-(2-((3-
pyridinylymethyl)-1-azabicyclo[2.2.2]oct-3-yl]benzofuran-2-carboxamide p-
toluenesulfonate (Example 2) was concentrated by rotary evaporation, adjusted pH 10
with 10% aqueous sodium hydroxide and extracted with dichloromethane. The
dichloromethane extract was evaporated, and the residue (1.8 g) was dissolved in
absolute ethanol (55 mL) containing 0.5% di-n-butylamine. This solution was injected,
in 0.25 mL portions, onto a 25 cm x 2.1 cm Chiralpak® AD chiral HPLC column, eluting
with 60:40:0.2 hexane/ethanol/di-n-butylamine (flow rate = 30 mL/min), monitored at 270
nm. Isolation of the effluent eluting at ~7.5 min and that eluting at ~13.5 min gave, after
evaporation of the solvent, 0.48 g (98% chiral purity) and 0.47 g (99% chiral purity)
respectively of colorless oil. The two NMR spectra were identical. 'H NMR (300 MHz,
CDCl,) 5 8.49 (s, 1H), 8.45 (d, 1H), 7.74 (d, 1H), 7.52 (m, 4H), 7.35 (t, 1H), 7.20 (dd,
1H), 7.05 (d, 1H), 4.55 (dt, 1H),V3.43 (m, 1H), 3.22 (m, 1H), 2.90 (m, 5H), 2.09 (m, 1H),
1.88 (m, 4H).

A warm solution of each free base samples in absolute ethanol (10 mL) was
treated with one equivalent of galactaric acid. The resulting mixtures were heated at
75°C for 5 min and cooled, with stirring, to ambient temperature. The resulting solids
were collected by suction filtration and vacuum dried, giving 0.65 g (87% yield) and 0.62
g (85% yield) respectively of white granular solid (mp 200-205‘-’C in each case). 'H
NMR (300 MHz, D;0) & 8.38 (s, 1H), 8.28 (d, 1H), 7.94 (d, 1H), 7.70 (d, 1H), 7.59 (d,
1H), 7.48 (t, 1H), 7.40 (m, 1H), 7.32 (m, 2H), 4.42 (m, 1H), 4.21 (s, 2H), 3.87 (s, 2H),
3.68 (m, 1H), 3.35 (m, 6H), 2.25 (m, 2H), 2.02 (m, 3H).

Example 16: Synthesis of (2R,3R)-N-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide p-chlorobenzoate salt

Solid p-chlorobenzoic acid (46.8 mg, 0.299 mmol) was added in one portion to a
solution of the earlier eluting isomer of N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-
3-yllbenzofuran-2-carboxamide from Example 15 (108 mg, 0.299 mmol) in acetone (10
mL). This mixture was warmed to near reflux for 30 min and cooled to ambient
temperature. No precipitate formed, so the solution was concentrated to about 20% of
its former volume (hot plate), at which point crystals began to form. The mixture was
cooled and diluted with isopropanol (2 mL). This mixture was concentrated by slow
evaporation of solvent at ambient temperature, and the resulting solids were collected
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and dried. This produced 145 mg (94% yield) of light yellow crystals, mp 150-1529C. H
NMR (300 MHz, CDCl) 8 8.49 (s, 1H), 8.38 (d, 1H), 7.93 (d, 2H, p-chlorobenzoic acid),
7.67 (m, 2H), 7.57 (d, 1H), 7.45 (m, 1H), 7.36 (d, 2H, p-chlorobenzoic acid), 7.30 (m,
1H), 7.27 (s, 1H), 7.16 (m,1H), 7.00 (d, 1H, amide), 6.90 (broad s, quaternary
ammonium), 4.62 (m, 1H), 3.85 (dd, 1H), 3.36 (m, 1H), 2.95-3.25 (m, 5H), 2.16 (s, 1H),
1.70-2.10 {m, 4H).

X-ray crystallographic analysis of this sample revealed its absolute
stereochemistry to be 2R,3R (see Figures 11A and 11B). The later eluting isomer in
Example 15 thus by elimination, has 28,3S absolute configuration.

Example 17: Chiral Chromatographic Method for Analysis of the Stereoisomers

- Generation of a chiral chromatographic method for separation of the four
sterecisomers, one from another, proved very challenging. The initial attempts (using
hexane/isopropanolftriethylamine mobile phase) resulted in overlapping peaks and less
than optimal peak shapes. Switching from isopropanol to ethanol and from triethylamine
to di-n-butylamine improved resolution and peak shape and shortened the run time.
The details of the method are as follows:
Analytical Column: Chiralpak® AD (250 x 4.6 mm, 5 um)
Mobile Phase: 60:40:0.2 hexanes/ethanol/di-n-butylamine
Injection Volume: 10 pL
Flow Rate: 1.0 mL per minute
Temperature; 20°C
Detection: UV at 270 nm
Total Run Time: ~25 minutes ,
Elution Order (RT): 28,3R (5.3 min); 2R,3S (7.3 min); 2R,3R (8.3 min); 28,3S (12.1
min)
A representative chromatogram of the sterecisomer analogues is shown in Figure 12.

Example 18: XRPD

XRPD analysis was performed for several sait samples herein described.
Diffraction patterns for the hydrocloride (Figure 13) and the tosylate (Figure 14) salts are
provided.
X-Ray Powder Diffraction (XRPD)

X-Ray Powder Diffraction patterns were collected either or both of two
instruments. Some were collected on a Siemens D5000 diffractometer using CuKo
radiation (40kV, 40mA), 8-8 goniometer, V20 divergence and receiving slits, a graphite
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secondary monochromator and a scintillation counter. The instrument was performance
checked using a certified Corundum standard (NIST 1976). Samples run under ambient
conditions were prepared as flat plate specimens using powder as received.
Approximately 35 mg of the sample was gently packed into a cavity cut into polished,
zero-background (510) silicon wafer. The sample was rotated in its own plane during
analysis, scanning from 2° to 42° in steps of 0.05° at 4 seconds per step, using CuKa
(A = 1.5406A).

Some X-Ray Powder Diffraction patterns were collected on a Bruker AXS C2
GADDS diffractometer using Cuka radiation (40kV, 40mA), automated XYZ stage, laser
video microscope for auto-sample positioning and a HiStar 2-dimensional area detector.
X-ray optics consists of a single Gébel multilayer mirror coupled with a pinhole
collimator of 0.3mm. The beam divergence (i.e. the effective size of the X-ray beam on
the sample) was approximately 4 mm. A 6-0 continuous scan mode was employed with
a sample - detector distance of 20 cm which gives an effective 28 range of 3.2° - 30.0°.
Typically the sample would be exposed to the X-ray beam for 120 seconds. Samples
run under ambient conditions were prepared as flat plate specimens using powder as
received without grinding. Approximately 1-2 mg of the sample was lightly pressed on a
silicon wafer to obtain a flat surface. Samples run under non-ambient conditions were
mounted on a silicon wafer with heat-conducting compound. The sample was then
heated to the appropriate temperature at ca. 10°C/min and subsequently heid
isothermally for about 5 min before data collection was initiated.

Differential Scanning Calorimetry (DSC)

DSC data were collected on a TA Instruments Q1000 equipped with a 50
position auto-sampler. The instrument was calibrated for energy and temperature
calibration using certified indium. Typically 0.5-1.5 mg of each sample, in a pin-holed
aluminium pan, was heated at 10°C/min from 25°C to 175-200°C. A nitrogen purge at
30 mL/min was maintained over the sample.

Thermo-Gravimetric Analysis (TGA)

TGA data were collected on a TA Instruments Q500 TGA, equipped with a 16
position auto-sampler. The instrument was temperature calibrated using certified
Alumel. Typically 5-10 mg of each sample was loaded onto a pre-tared platinum
crucible and aluminium DSC pan, and was heated at 10°C/min from ambient
temperature to 350°C. A nitrogen purge at 60 mL/min was maintained over the sample.
Polarized Light Microscopy (PLM)

Samples were studied on a Leica LM/DM polarized light microscope with a
digital videa camera for image capture. A small amount of each sample was placed on

-44-



595 25.2 955 30 955 1lon Chronatography

a glass slide, mounted in immersion oil and covered with a glass slip, the individual
particles being separated as well as possible. The sample was viewed with appropriate
magnification and partially polarised light, coupled to a A false-color filter.

Hot Stage Microscopy (HSM)

Hot Stage Microscopy was carried out using a Leica LM/DM polarized light
microscope combined with a Mettler-Toledo MTFP82HT hot-stage and a digital video
camera for image capture. A small amount of each sample was placed onto a glass
slide with individual particles separated as well as possible. The sample was viewed
with appropriate magnification and partially polarized light, coupled to a A false-color
filter, whilst being heated from ambient temperature typically at 10°C/min.

Gravimetric Vapor Sorption (GVS)

Sorption isotherms were determined on either or both of two instruments. Some
were experiments were run using a VTI Corporation SGA-100 moisture sorption
analyzer, controlled by VTI FlowSystem 4 software. The sample temperature was
maintained at 25°C with the aid of a Polyscience constant temperature bath. The
humidity was controlled by mixing streams of dry and wet nitrogen. The weight change
as a function of %RH was monitored using a Cahn Digital Recording Balance D-200
with an accuracy of +/-0.0001 g.

Typically a 10-20 mg sample was placed on the tared balance pan under
ambient conditions. The sample was dried at 50°C for 1 h. The standard adsorption
isotherm was performed at 25°C at 5% RH intervals over a 5-95% RH range, and the
desorption isotherm was similarly done at 25°C at 5% RH intervals over a 95-5% RH
range. Sample equilibration criteria .included 0.0100 wt% in 5 min or a maximum
equilibration time of 180 min for each %RH data point.

Some sorption isotherms were obtained using a Hiden IGASorp moisture
sorption analyser, controlled by CFRSorp software. The sample temperature was
maintained at 25°C by a Huber re-circulating water bath. The humidity was controlled
by mixing streams of dry and wet nitrogen, with a total flow rate of 250 mL/min. The
relative humidity was measured by a calibrated Vaisala RH probe (dynamic range of 0-
95% RH), located near the sample. The weight change, {(mass relaxation) of the sample
as a function of % RH was constantly monitored by the microbalance (accuracy +0.001
mg). Typically 10-20 mg of sample was placed in a tared mesh stainless steel basket
under ambient conditions. The sample was loaded and unloaded at 40% RH and 25°C
(typical ambient conditions). A moisture sorption isotherm was performed as outlined
below (2 scans giving 1 complete cycle). The standard isotherm was performed at 25°C
at 10% RH intervals over a 0-80% RH range.

GVS Generic method parameters

-45-



Data were collected on a Metrohm 861 Advanced Conpact |1 C using | C Net
software v2.3. Sanples were prepared as 1000 ppm stocks in water. \Were
sanple solubility was | ow, a suitable co-solvent such as DVSO was used.
Sanmpl es were diluted to 50 ppmor 100 ppmw th an appropriate solvent prior
to testing. Quantification was achi eved by conparison with standard

sol utions of known concentration of the ion being analyzed. |on
Chr omat ogr aphy met hod f of palaine®es Type o1 net hegluedni on exchange Col umm:
Metrosep A Supp 5 - 250 (Adddrptior’S8tanm) Col umm| 4eergoeraturg (C): Ambi ent
I njection (ILL): 20 Det e¢Deswmtion/Adsorption - Scan 2 | 85 - Dry, Dry - 40

Intervais (% RH) 10

Number of Scans 2

Flow rate (mL/min) 250

Temperature (°C) 25

Stability (°C/min) 0.05

Minimum Sorption Time (hours) | 1

Maximum Sorption Time (hours) | 4

Mode AF2

Accuracy (%) 98

The software uses a least squares minimization procedure together with a model
of the mass relaxation, to predict an asymptotic value. The measured mass relaxation
value must be within 5% of that predicted by the software, before the next % RH value is
selected. The minimum equilibration time was set to 1 h and the maximum to 4 h.
Typically, samples were recovered after completion of the isotherm and re-analyzed by
XRPD.

Water Determination by Karl Fischer (KF)

The water content of each sample was measured on a Mettler Toledo DL39
Coulometer using Hydranal Coulomat AG reagent and an argon purge. Weighed solid
samples were introduced into the vessel on a platinum TGA pan which was connected
to a subaseal to avoid water ingress. Approx 10 mg of sample was used per titration and
duplicate determination were made.

Thermodynamic Aqueous Solubility by HPLC

Aqueous solubility was determined by suspending sufficient compound in 0.25
mL of water to give a maximum final concentration of 210 mg/mLof the parent free-form
of the compound. The suspension was equilibrated at 25°C for 24 h, and then the pH
was measured. The suspension was then filtered through a glass fiber C filter into a 96
well plate. The filtrate was then diluted by a factor of 101. Quantitation was by HPLC
with reference to a standard solution of approximately 0.1 mg/mL in DMSO. Different
volumes of the standard, diluted and undiluted sample solutions were injected. The
solubility was calculated using the peak areas determined by integration of the peak
found at the same retention time as the principal peak in the standard injection. If there
was sufficient solid in the filter plate, the XRPD was collected.

Generic method details for thermodynamic aqueous solubility method

Type of method:
Column:

Reverse phase with gradient elution
Phenomenex Luna, C18 (2) 5 um, 50 x 4.6 mm
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Conductivity detector
car bonat e,

met hod for cations

Fl ow Rate (rmJm n).
1.0 nmM sodi um hydrogen carbonate in water

0.7 El uent:

3.2 nmM sodi um
| on Chr omat ogr aphy
Type of nethod Cation exchange Col um:

Column Temperature (°C): 25
Injection {ul): 5, 8 and 50
Detection:

Wavelength, Bandwidth (nm) . 260, 80
Fiow Rate (mL/min): 2

Phase A: 0.1% TFA in water
Phase B: 0.085% TFA in acetonitrile
Timetable: Time (min) % Phase A % Phase B
0.0 95 5
1.0 80 20
2.3 5 95
3.3 5 95
3.5 95 5
4.4 95 5

Chemical Purity by HPLC

Purity analysis was performed on an Agilent HP1100 series system equipped

with a diode array detector and using ChemStation software v9. One of the two

methods detailed below was used.
Method 1

Type of method Reverse phase with gradient elution
Column: Kromasil 5um C18, 150 x 4.6 mm
Column Temperature (°C): 26

Injection {ul): 10

Detection: 302, 8

Wavelength, Bandwidth( nm):

Flow Rate (mL/min): 1.0

Phase A: 0.0256 M KH2PO4 + 0.02 M 1-hexane sulphonic
acid Na salit
Phase B: Acetonitrile
Timetable: Time (min) % Phase A % Phase B
0 80 10
8 20 10
40 10 90
41 90 10
49 90 10
50 20 10
Method 2
Type of method Reverse phase with gradient elution
Column: Phenomenex Luna C18 (2}, 150 x 4.6 mm, 5 ym

Column Temperature (°C):

25

Injection (uL):

5

Detection:
Wavelength, Bandwidth( nm):

255,90

Flow Rate {(mL/min):

1

Phase A:

0.1% TFA in water
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Metrosep C 2- 250 (4.0 x 250 mm) Col umm Tenperature (C): Anbient Injection
(pi.): 20 Detection: Conductivity detector Flow Rate (nJmin): 1.0 El uent:
4.0 MM Tartaric acid, 0.75 mMDipicolinic acid in water

Phase B: 0.085% TFA in acetonitrile
Timetable: Time (min) % Phase A % Phase B
0 95 5
25 5 95
25.2 95 5
30 95 5

lon Chromatography

Data were collected on a Metrohm 861 Advanced Compact IC using IC Net

software v2.3. Samples were prepared as 1000 ppm stocks in water. Where sample

solubility was low, a suitable co-solvent such as DMSO was used. Samples were

diluted to 50 ppm or 100 ppm with an appropriate solvent prior to testing. Quantification

was achieved by comparison with standard solutions of known concentration of the ion

being analyzed.

lon Chromatography method for anions

Type of method Anion exchange

Column: Metrosep A Supp 5 - 250 (4.0 x 250 mm)
Column Temperature (°C): Ambient

Injection (ulL): 20

Detection: Conductivity detector

Flow Rate (mL/min): 0.7

Eluent: 3.2 mM sodium carbonate,

1.0 mM sodium hydrogen carbonate in water

lon Chromatography method for cations

Type of method Cation exchange

Column: Metrosep C 2 — 250 (4.0 x 250 mm)
Column Temperature (°C): Ambient

Injection (uL): 20

Detection: Conductivity detector

Flow Rate {mL/min): 1.0

Eluent: 4.0 mM Tartaric acid,

0.75 mM Dipicolinic acid in water

Approximately 50 mg of (2S,3R)-N-(2-((3-pyridinyl)methyi)-1-azabicyclo
[2.2.2]oct-3-yl) benzofuran-2-carboxamide hydrochloride was weighed into a glass vial

and heated to 50°C. 100 pl portions of 1-butanmol/water (5 volume % water) were

added to the solid until a clear solution was formed (500 pl total). The sample was

stirred for 50°C for 1 hour and observations were made. After heating at 50°C for an

hour the sample remained a clear solution and was cooled from 50°C to 25°C at a rate

of 1.4°C per hour. The sample remained a clear solution on cooling and was covered
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Approxi mately 50 ng of (2S,3R)-N-(2-((3-pyridinyOrethyl)-1-azabicyclo
[2.2.2]oct-3-yl) benzofuran-2-carboxam de hydrochl ori de was wei ghed into a
glass vial and heated to 50C. 100 pl portions of 1-butannol/water (5 volune
% water) were added to the solid until a clear solution was formed (500 pl
total). The sanple was stirred for 50C for 1 hour and observations were
made. After heating at 50C for an hour the sanple remained a clear solution
and was cool ed with parafia Gid-noléh &hddéft ta evapbrateadt athbidiE tqpareranoelr AfteT A@eganpl e
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an XRPD of (ZSp&R)xaNm(eann(;B/drmyhlordienMJstbaﬂmjtkwﬂQbséwexzmar:))anki(oal[:lﬂatéd 2] oct - 3-y1)
benzof ur an- 2- E&Ir E} nmonohydr ochl oride il ust ratr ng bot h observed
(lighter) and calcdla e (darker) patterns. 8er| mental pattern
is fromthe sanpl e B spaymspiplngttgrp g from t?ﬁ/?q”merﬂ}lesr?gt)'ﬁv?‘f 1- azabi cycl o

[2.2. 2] oct - 3- yb)rndmmﬂaﬁyn)rmaﬁiemr[maxpma:},e) bepzrofuiyc2-ctdxamidde whil e t he

cal cul at ed exam e,'dr%gﬁr&f?r MEhSbd %%d dﬁér@uéfrén'ir?eysrrﬁbrc%kr‘k?a yas herein

descri bed and gur es atterns are in
agreement in rég‘ﬁi’éﬁ? a%’rer?%d??%%éénda‘i‘?ﬂ'cﬁpr"fb':r'g"d“r‘sf"loéraéﬁ’l -1 B5OM RS A es and
peak wi dths mayjn dyesentehtin lrspestioft?® valnes andmemdr differsndelit inensities cangpeskevidtied
orientation ef fn%?b@ attrE:UfeB rbqﬁstru r'ﬂ‘?és;c:%hcfyf 4nb ‘Bfe?e?éd Bﬁéﬁtalﬂéh &Hobts! PiHned to a

t enperature shi due t serve bei n ected at room
t enper at ur e an@'%?@ﬁ?'&‘i@'éﬂ‘a}ﬂa‘i aftripuRai aft?rﬁ?ﬁ“?i“rg P‘gﬁr ET‘ﬂP g‘eé’?sqﬁ‘)’l@?ta The
tosyl at e sal t, bsipgcalitétebatrgont thapaatyietaad talcuntatiziata taeh fromaasudwoedl ¥206d and

t he diffraction ater, ' 40KV,
40mA), 0-0 goni oPnet.r:ahr%t&'y‘fhqe s‘a@%&tﬁcﬂg@e@r&é@ﬂhﬁém%ﬁd 44, v@s‘.'é@nffnﬁéﬁéﬁdtr@‘ (

recervmg mg@grap hite
secondary nonodHffastRsHern isshown ia FioHre; 1 usipg GrKEadiato r(4°k)4n40 “8i ffract ogram
of the tosyl at cgorﬁahéteraVZCediveﬂgemmdaéceﬂﬁ@él?é%@lﬂphrte\seedngaranrohenhgmatnut t he

sanmple is stil 'anEQEmt.aat.okb&ﬁer A,rfr@pnf&rﬁraae rhrd oﬂH@toLﬂat@sme rw&rk%r ed form
VII. Biological

it
st er eoi soners £ %%W@V%&%@?Ib&f@ef%@'?'ﬁﬁ%'%ﬁw 'f‘ke\)’ame(?ﬂ%“gﬁlﬁﬁugubtypes
was assessed as almsemhydiredd fom US pat ent 6, 953,855 to Mazurov et al, the
contents of which are hereby i ncorporated by reference. Receptor
selectivity profili or Corrpound A (including 5HT3 and nuscarinic) was
conduct ed by NY¥a8 !ﬂ"ggé?ﬂ P§sa¥ osci ences Cor porati on.

El ect rophysi ol ogi céalherabiity of @ompoundA aaditsNiRalsespeIisEndwaed maddate the t wo

expr essi on Sysrhﬁr@ﬁ’ono‘f@a{rro@smm% m%ésgéh 44 deddid rﬁ@llslp%teﬁmggﬁlé@@ﬂ) al  NNR

i n Xenopus ooc&@g S express] ng rat_a/7 NNR were
prepared as dedegiBeef ahjhepspaientarl whichgre hergby '”CP’H%{PWF S@f‘%‘ﬁme -1 B8P 76
(2005), i ncor peeladtieity dxfilingebeCenoend Alieikling pHY.sind nbgéatiait) wasasnduetee by s of

agoni st acti vi Wvgsepe%n@@%gé@% é&b&%lohhe Dynaf | ow rapid perfusion system

and patch clanmp usin ression syste ot h acetyl choline
and nicotine produc@%‘@&W&@HS'%meﬁwrﬂ'@ﬁe&&eWRdﬁiwg%?tWeé?ltag?“ RO a7 nedi at ed
current. Agoni skprefsa sysdnee st 67 BNR in ihammadlian SHAET eelis emdtaumabla@ NNR it hose
obt ai ned usi ngxre g&g{éﬁd (see Dunlop et al. Biochem Pharnmacol in press
(2007) and Dynaf ine material s gwww cellectricon. con? : %ach

r; cribed by

i ncor porated by refw Wellsrexpregringdhe et &/ VYR Were Resigred as descr
Placzek et al., Mol. Pharm. 68(6): 1863-1876 (2005), incorporated by reference.

Electrophysiological measurements of agonist activity were achieved using the
Dynaflow rapid perfusion system and patch clamp using this GH4C1 cell expression
system. Both acetylcholine and nicotine produced concentration-dependent activation
of the a7 mediated current. Agonist ECs, values from literature were comparable to
those obtained using this method (see Dunlop et al. Biochem Pharmacol in press (2007)
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Whol e-cel | currents recorded with an Axopatch 700A anplifier were filtered
at 1 kHz and sanpled at 5 kHz by a PCl card (National Instrunent). Conpared
Wi th previous studies the saline solutions were nodified as indicated to
increase the current stability. Cells were recorded at roomtenperature in
the follow ng extracellular nedium 130 MM Neel, 5 MM KA, 2 nMCad 2, 2 mM
My 2, 10 mM HEPES, adjusted to pH 7.4 with aqueous NaOH. Borosilicate

el ectrodes (3- ahd Ma)aﬂmmné mtbieth (Wivtvitellsbificdnabing washdnaordiatat by 18&endsl TRI S
phosphat e, gM %g 2, 10 mvl HEPES, 10 nM EGTA, adjusted to pH
7.4 with aquemhl%%‘d See 83) al . Physiol. 576: 103-118 £2006

i ncorporated by ref@hdeell cyunts rﬁ‘étﬁqfﬂd"“béné’éﬂ?ﬁtc‘iM@W&f)e'wﬁlﬁ&l%?' {3idse’
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(ACh) concentr rocedures were
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sol ution was na Dose response
curves were d e@é’?qﬂB‘édB'ﬂﬁﬂY sﬁﬂﬂ'g’ ?'@0‘15“ fram by !i‘ﬁ‘t‘qa&‘ré’e‘ﬁs)’ﬁ‘ﬁgw‘ﬁh?%m@u@ VB¥eE war e.
Xenopus oocCyt esmexpitassirdigy thetimamaraipldsbiRones stage of panvedbdzeisd eﬁmsscbmad by Papke
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Wor t hi ngt on Bi atd@ieounal Céﬁ@wemrhardlaomo o teretaghodt, tha\kperingant. 2Alihediagiclat r oom

tenperature in |, 15 nM
HEPES pH 7.6, 1 gentam ci n

mp S&E&OBW %B%regg&lggrom%& g&éh %étmgme (/1( m\éolég
sul fate). Subsé?fH‘@ﬁt‘Ma§ma§Q ‘éﬂj}é"‘§"&ﬂ9b§/§°@§'°wdéj“ﬁ"§‘?)l%ﬂsébesa?meicﬁ‘ﬂ"’esd"(eéﬂ with 50
nL (5-20 ng) eeshbalbytsigle Minmpatans wilyRrisiREOaotivargs were made 2 to 7 days
after injection. Fffaiap&%%é%éx%';lgﬂewﬁ HufGR )7 ﬁﬁﬁ&)ﬁuc%?épgl:e'dggﬁe%ﬁﬁéa de daily

in Ringer's solution were co ed usin C@ press
6000A (Axon IngﬁP'i?r?éﬁfépkeLfﬁt P@"E”?""CAW 4961 2%) e‘§“s°r|?°§at%ﬂ'PV"ﬂfF §t%t ed system
that provi des Matwergbent)iempialXengnut /aavisl Aicdntteegie (NdsaonBt. dikinspn, W) werght  oocyt es
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Ka. Cells were wer e
col | ected at sdheranimahig 21§ ¢/l pigion of %@“‘P&be“@é’lq%’ offrt esten for A pisy 1‘1?95?? vm th
Ringer's sol ut iwers reaovbd dg@ran ricisio atié bt avesreerdel i vered froma 96-wel |

plate via di sposablg oHePt%’re&M]vhmf& ula} Mqa‘igr ?W&&Q%ﬁéy% lw‘e‘&’tre@ed with

cr oss-cont ami nat i on. g i cations
al ternat ed bet \Ké’éﬁ’%@%ﬂ?ﬂ?@l@"‘dﬁ@"ﬁ%}?@ﬁ%ﬂ‘%ﬂ' Corgeratiot( reeb%w)éart% ons
were 12 secondsoirs actdértenpbrafued ih oxeiomrge B&'ssemitsnd 88\am N, 1pﬂleGd35

Responses were blyg:l g ,@gr RPanki prit. .

Phar nacol . 137:"&3 -EG §%|§ 82‘?8{1?1@ ta@%%aa(g@\%g?H 031‘6':31;5 rec @pt ors Each oocyte
recei ved an i nistifatd). Sdhseaushtyagipde Teocitenwerd isplaled andhipjacteghwithSenki (h8fid@l  dr ug
application, and then a followup control application of ACh (300 pM.
Responses to experinmental drug applications were calculated relative to the
precedi ng ACh control responses in order-sp-0 normalize the data,
conpensating for the varying | evels of channel expression anong the
oocytes. Note that 300 pM ACh evoked maxi mal net charge responses from a7
receptors so that normalization to the ACh controls effectively normalized
the data to ACh mexi num responses. Means and standard errors (SEM were
calculated fromthe normalized responses of at |east four oocytes for each
experinmental concentration. For concentration-response relations, data
derived fromnet charge anal yses were plotted using Kal ei dagraph 3.0.2
(Abel beck Software; Reading, PA), and curves were generated fromthe Hill




Summary of In Vitro Biological Activity Conpound A conpetitively
inhibits the binding of radiolabeled MLA to rat brain hi ppocanpus a7 NNRs
with an equilibriumconstant (Ki) values of -1 nM indicating that it has a
very high affinity for the a7 NNR subtype. The stereoi soners of Conpound A
have the followi ng Ki values at rat a7 NNRs: 2R 3S (42 nM [previously
reported as 28 nML; 2R 3R (1 nM; 25,3S (25 ptM (see Figure 1A). As

illustrated in gk himén oFSHRO YitEorlings e Adic Ro ¥ ¥BMY dfeNBjEctiol CARESt I at es
an activity at

t he al sub . in contrast ta. its three enantioneric
anal ogs, whi cha&?’ﬁ"*}f’@%pgé'@ﬁf°é‘é¥‘§”§‘°mw A (fs"l‘&y 'B%imﬁf”ss Sv?nm['%"weak activity.
Conpound A does ndExpbimmmbtstwerewandididdsising OhusXniessFagaA Axen Instrugtenisnipign (Ki
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azabi cycl of 2. 2Y¥ 399’39§IL}° RRGYPEMIES Innaallpl, Bot heyettage a0d AHEMRIReER e cal 1 y
accept abl e sal wetdfiledowith I MERH Tatisiwetp veltagde-clanpasttaba beldinppatentalwh$0@¥ani ned
using patch cl a3 RIE&dIEQRIBI b AL A iRkéred bSO QYRSweM bdth-peHus@lwiliNRS st abl y
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efficacious at elici tti né f.qngiuib ﬁ%l AL nge QE’T%%Er = nqgl%wregg E4’1ve to
a_cet yl cho:ci Pe gégg;;ﬂmmﬁim pgﬁﬁagrﬁﬁ’ﬁr_aﬁf:%j‘tiﬂeziﬁg_ 'S0 ;s_ ort}]he I
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Subtype’ i n humdRorER eI Seanru sl b ERsmsei RS Bat g D ¥ a4
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ganglion) an 0 n ion) of nicotine's response a ese

subt ypes. Thes?haﬁ’faﬁ ’Wm‘i 01532&?%& ectivity for CNS subtypes over PNS

subt ypes. Due to the cl ose sequence and structural honol ogy between
a7 and 5- hydroxyhyptam ne (5HT3) receptors, and cross-reactivity to these 2
receptors observed with other nicotinic ligands, the affinity of Conpound A
to 5HT3 receptors was investigated. Conmpgwnd A (10 pM displayed 59%

i nhibition of radioligand binding at the nouse 5HT3 receptor and 25%
inhibition at the human receptor. Investigation of functional activation at
t he human 5HT3 receptor suggests mnimal to no activation (i.e., a naxinal
response of 15% activation was obtained at 100 pM. Muscarinic
receptors are another area of concern due to interactions that have been
observed with other nicotinic |igands. Conpound A displayed mnimal to no

i nteraction when exam ned in conpetitive binding inhibition assays for M,
M2, nonsel ective central and nonsel ective peripheral nuscarinic receptors.
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Compound A, (2S,3R)-N-(2-((3-pyridinyl)nmethyl)-1-azabicycl o[ 2. 2. 2] oct - 3-

yl ) benzof ur an- 2- carboxam de or a pharmaceutically acceptable salt thereof,
di splays significant efficacy in two behavioral nodels of cognition.
Compound A denonstrated potent activity in the object recognition paradi gm
inrats, following both i.p. (intraperitoneal, Figure 3) and p.o. (oral,
Figure 4) admnistration, and al so denonstrated activity across a w de dose
range following oral administration (Figure 4). Adm nistered
intraperitoneal ly at t a | aw.do (0 3 and 1 ng/kg) Conpound A tends
to reverse M- §5¥‘"\a%‘tfg'é&"§’(?§?'ﬁ$'f§%Fﬁn‘ﬁ'[%’he OR task (Figure 5), and
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(2S, 35) - N-(2(( %icgéqsle I%EEJRY#O%H& resgonses \‘8 ACh follawmg zhg ISp%zlggtton

azabi cycl o[ 2. 2 éﬁ%;
pyri di nyl) net hit (?-((ﬁ-Pan&B’i‘ weyib-pzapicyqair?- ZBQtME?fEB‘P{?P"gFFaE’%a&?' ari de, and

(2R 3R) - concentrations greater than 100 nM (ICs = 200 nM). In contrast to previously described

N-(2- ((3- d Xehe b

te, “whorer n ¢ nG? AANEHAAE Lad Adied el ry%’#h'zﬂﬁ%?%? i onls Xetiahal prates- 207 joxam
phosphoric aci d(4):Par éﬂ%(zﬁQq)d“COfP@raéﬁé‘rPéé‘ﬁ?'ﬁ'éﬁ?l%th £R9PH to gieh JRPPRIPECthe muci ¢)

aci d, D-rmandel isepatetioslbetbledncld;drdaCa 0dighs foreediameas (@-(pyridingiethy)-R  and

8- 10- Ca”phorS”'aEé%%é [\A%'zgy%ts{ﬁ{%%%’fuﬁnaé ftootiih e inflfat %E:EQ:%%&R@?% \%mc?q The

acid salt of dai stmcmrrewy \SH’

pyri di nypnet hy Iprogucetamhalieaxisea functiona) eespense padrigadite e ratheriéaedih de to t he
acid is 2:1, 1lrésidudiinhlbitdn. Thee aad kb dedcfable hetivhiiinhan @SARMNA2YBe
stoichionetty is 1:1.
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4. A pharmaceutical conposition conprising a conmpound of clains 1 - 3 and
one or nore pharnmaceutically acceptable carrier. 5. Use of a conpound as
claimed in clainms 1-3 for the manufacture of a nedicanment for the treatnent
or prevention of a central nervous system di sorder, inflammation, pain, or
neovascul ari zation. 6. The use of claimb5, wherein the central nervous
system di sorder is characterized by an alteration in normal

neur ot ransmi t t gyridinghrR@m®-1-azébicyCOR.2R6-8y)seh 2dfuran-Scdbox@midalves applied toe cent r al

nervous systemyglagl ga%sslng th%%ﬁgﬁ &gsz LRI ho SRR, ye%reagqa% rment,

age- a5500|ated onset

Al zhei ner' s di §@@§@en§‘@ntrq! EespRaseRsTie AR, '@tﬁwthaé@ﬁﬁ)ﬁb@mmd%we@m ype,

Al zhei ner' s di 3easdcyclb[2\2)2|d3e8iy)beeaRIRkN-Boardbxartite is Réithecdn agentstmbi a,

Al DS-rel at ed dggg%t?;s ot b denmentia, nultiple cerebral infarcts,

Par ki nsoni stn nson s di sease, Pick's disease, progressive

supranucl ear pal sy, Thegampaigesorrhisitactisle enno agapist aplvitdipwchinaal medelsPB¥INGI nesi a,
mani a, attenti gusékelypeicteptors @R sutdfpe@ifunain TEETI/RD &lotay ¢xiis)aartgangliby-

di sorder, anxi %@X F]elcg;ggr%?cﬁﬁk Qtybtygg}f\%eeéﬁo%ter §LFbE|Br7reO& Ingi néo@hroﬁﬁc%ﬁ%' ve

dysfunctlon I n Ive di sorders,
or Tourette's ?%%Iﬁ‘iﬂﬁré"d in JumarHRHYYs®Y mnatqeaw@ngatngfwmﬁ@n AMUBH®: cent r al
nervous syst emspi% Qatdanglios) adé k% @dmén gamglidinpdf@icoie’s sesflorse astesenani a,

attenti on def gl SHlede o AbADLIAIT 1 CR subi e bAF philshityslesor der

anxi ety, dyslexia, tron LN schlzophrenla
depr essi on, obsessi %teg‘ﬁﬁl‘}%?e\ﬁéerﬁ?éﬂf’r%@?tﬁ’a' ’IS’I‘“"*PS’(J’P"é‘%"’Eeé“gaE?/ndr one. 9. A
compound as cl sihg@dxyiriptarhiaé BBIT:) redeftons, dnderossirchdtieitytto msa®riceptors pr event i on of

a central ner V%B's%rrlv%x %tﬁ%gr' nﬁ:gﬁrgcqrgandsm\é Qﬂm@to“ @&npogﬁd Ato Bq’-fTa receptors was

neovascul ari zat1 o .
investigated. Compound A (10 uM) displayed 59% inhibition of radioligand binding at

the mouse 5HT3 receptor and 25% inhibition at the human receptor. Investigation of
functionaf activation at the human 5HT; receptor suggests minimal to no activation (j.e.,
a maximal response of 15% activation was obtained at 100 pM).

Muscarinic receptors are another area of concern due to interactions that have
been observed with other nicotinic ligands. Compound A displayed minimal to no
interaction when examined in competitive binding inhibition assays for M1, M2,
nonselective central and nonselective peripheral muscarinic receptors.

The data show that Compound A is selective for a7 NNR ligands. Compound A
does not bind well at those subtypes of the nicotinic receptor that are characteristic of
the peripheral nervous system or at muscarinic or 5HT; serotinergic receptors. Thus,
Compound A possesses therapeutic potential in treating central nervous system
disorders without producing side effects associated with interaction with the peripheral
nervous system.

Summary of In Vivo Biological Activity

Compound A, (28,3R)-N-(2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-
ylibenzofuran-2-carboxamide or a pharmaceutically acceptabie salt thereof, displays
significant efficacy in two behavioral models of cognition. Compound A demonstrated
potent activity in the object recognition paradigm in rats, following both i.p.
(intraperitoneal, Figure 3) and p.o. (oral, Figure 4) administration, and also
demonstrated activity across a wide dose range following oral administration (Figure 4).
Administered intraperitoneally at the same low doses (0.3 and 1 mg/kg) Compound A
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10. The use of claim9, wherein the central nervous system di sorder is
characterized by an alteration in normal neurotransmtter release. 11. The
use of clains 8 or 10, wherein the central nervous systemdisorder is
selected frommld cognitive inpairnment, age-associated nenory i npairnent,
pre-senile denentia, early onset Al zheiner's disease, senile denentia,
denentia of the Al zheinmer's type, Al zheiner's di sease, Lewy Body denenti a,
m cr g-i Inf ar fct dzﬂ@tﬁtrévarks_e&dmjl rluedderfigte e ORuask{Fiduebesyrant adminiswatedi pl e
cerebral infar r ki.nsoni ; I ' I i ck i se, .
progressive su%%ailn‘ﬁg Ia‘zemaq/k%%@ %Mdli'g%{%léh'gtﬁ%ﬁeczs ‘gﬁgﬁggl?astt gér ﬁéﬁ&sz(*:%%k ‘nesi a,
hyper ki nesi a, trehg adialarm awee GAM) &figuss T) paradigngeaminiag verkipg BRMERS i ci t
hyperact i vidt yf dbmpsuAe A sighifedngy Mcredbd the e of dbyrsdt ehdices pha i arephTresd ia
cogni tive dysfunction i chi a1 1, j ofrpul si ve
di sorders, or ﬁegﬂlgses ?Vép@"'@@'ﬁ%’ﬁ%ﬁ@éﬁ‘i@‘%‘ﬁ@%@@éﬁﬁ‘? t?gﬁg%%ﬁ:ga@éﬁg% %er ein
the central nephbsozefusgns2-eatbxpige ddreating cagnitive fefigits and fyshprehias aesociatedi sease,
gani a,OI attenti qm %fzbﬂﬁrénie(ﬂinﬁl@diﬁbﬁthoseﬂW@rﬁh{g @emegf i cit hyperactivity

i sorder, anxiety, sl exi i Z r ) ; ction in
schi zophreni a, deerceio}slgF%mrﬁog%éoégé‘fé\?@?oég%ﬁq’ g}lg\g/g&g'}’éséc!?rgf g%’@f’%gr Tourette's
syndrome.  13. sohizepiienko ftmusuiohdiminish Hg(efectamrlassiqaber ayBicpppiRgYSROtcP et hy 1- 1-
azabi cycl of 2. 2 agdifa€ihe Bosithlb el i Bchizoptaédid TAWS, il compdiling ltraut, iraielition wal | y
accept abl e . o . . . . . .
sal tt hereof, sul:t)s’s?ogﬂlf“{eﬁ?f‘a'}c'rnggﬁop f’ﬂ??% ] 9%{%531 %9 E@lﬂsgﬁ?\c;sﬁnﬁsest'ﬂﬁviéfg
azabi cycl of 2. 22pgmnsrhing:i oGoM@ton ACtiptYdARQ bQER {9uE) ahdhhePwerciBYBia) | v
accept abl e sal {PRNEIEGD) models of positive symptoms of schizophrenia. Thus, (28,3R)-N-(2-((3-
(2R, 3S) - N- (24( 3- LAyl ) et -olsy A2 8 ol bpenzof uran2-c
ar boxam de or gy'@ﬁ‘g'?’?% l}t %;gé{%t'}?ba%%%?g%%%é%f?_tgﬂéchg@#d,é%S%w._
(2R, 3R) - N- ( 2- ( exgected to provide an additional benefit against the positive, as well as the cognitive,

pyri di nyl ) met hyymptdmsasatvidsuolib[shizbpRéaigt - 3- yl ) benzof ur an- 2- car boxamni deor a
pharmaceutically a . i S E]:Hf’ﬁ{};t. dynam c
resol uti on andster ce;@%g*%@%&\?gﬁggaé%%%gﬁeﬁg%g&% %%??—gpyrl J&l’%?prret hyl - 1-
azabi cycl of 2. 2 depepding on_theparticyar active compound selected or whether there are presen

Aet hodof manuf pidrisideigal2&icR)as Wel a(tfiedydelor fothiuryidr) dmel triojid of heministration

azabi cycl of 2. 29%&!8\%5,' a‘%&&%%%%&'&a@l&i’ogé GADBXRTI IR ultsaarggbﬂe%ﬁl%lﬂd call'y

accept abl e ) . o
sal t t her eof , suB¥PERAfGeAth prRstisReffer®sem jveqliop 4( 3- pyri di nyOmet hyl ) - 1-

Although specific embodiments of the present invention are herein illustrated and
described in detail, the invention is not limited thereto. The above detailed descriptions are
provided as exemplary of the present invention and should not be construed as constituting
any limitation of the invention. Modifications will be obvious to those skilled in the art, and
all modifications that do not depart from the spirit of the invention are intended to be
included with the scope of the appended claims.
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azabi cycl o[ 2. 2. 2] oct - 311) benzof ur an- 2 car boxam de or a pharnmaceutically
accept abl e salt thereof,

(2R, 35) - N- (24( 3-pyridi nyprret hyl ) - 1- azabi cycl o[ 2. 2. 2] oct - 3- 14) benzof uran2- ca
rboxam de or a pharmaceutically acceptable salt thereof, and

(2R, 3R) - N- (24( 3-

pyri di nyl ) met hyl ) - 1- azabi CyCl o[ 2. 2. 2] oct - 311) benzof ur an- 2- car boxam deor a
pharmaceutical |y acceptable salt t hereof, conprising

(25, 3R)-(24(3-pyridinyl)methyl)-3- am no-1-azabicycl o[ 2. 2. 2] oct ane. 15.
(2S,3R) -N-(2-((3-pyridinyl)nmethyl)-1-azabicycl o[ 2. 2. 2] oct - 3-yl ) benzof ur an- 2
- car boxargldiendaydrochl oride or a hydrate or solvate thereof, substantially
free of

(2S,35)-N ( 2- ((oi’? ﬁ%ﬂ?a&oﬂﬁsﬁ%@t%ﬁ 3(3 Eyndualgmeth(ﬂ X I?Eabécyﬁklag 3 2]??Ct-03enzof uran- 2-
car boxani dé@benzofurarh2icamorarhide aubstastiady free bl (@S§§ N- (Qf{@-@(glﬂmyl)methyl) -1-

(2R 35)- N ] ]

pyri di nyl )a(r%éP &%%3[2%25 ct%yéber] Féanzz rggxa_mlgle %gﬁ)zl(\)l (lzjr((gn 2- car boxami deor a
phar rraceutpyoalhylyndbxi)ebtaeﬂﬁlwcbﬁﬂ 2.2jopted-¥)benzofygn-2-carboxamide, and (2R,3R)-

(2R 3R)- N'If?gé %Yrﬁﬁfﬁﬂl)g‘le?wlg Kis %&%Io[%? 2]oct- -yl)benzofuran 2-carboxam|de

azabi cycl o oct car boxam de o S‘pnar macgutl cally
accept abl evhssein therroidig e ected from hydrochloric acid, sulfuric acid, phosphoric aci

16. (25, 3R)mai@i§%ci@( t%n@iémbmx lagif? Mérrcj(maéla)bédid/ﬁ-m[al?deﬁc aazdcmata'%ﬂah):benzof uran-
-2- carboxam de nonohydrochl gri X aﬁe or . \{ et hg g
subst ant i aqqlq, njethanegyifonic acid, R- and S- 10 camp orsulfonic acids, ke glutaric aci

(2S, 39) - N-kigdthi3aBir | di nyOret hyl ) - 1- azabi cycl o[ 2. 2. 2] oct - 3- pbenzof ur an- 2-
car boxam de or a pharnaceutically acceptable salt thereof, (2R 3S)-N(24(3-
pyridi nyl ) met hyl ) - 1- azabi cycl o 2. 2. 210oct - 3- ypbenzof ur an- 2- car boxani deor a
phar naceut 2 cal I heageiapsdibloe Glait 1t nwesshi tharstoichiometry of (2S,3R)-N-(2-((3-

2R, 3R) - N- ( 24( 3= pyri di ny |
gzabi ci/cl oéﬂé&‘yl?%%w:%@%‘%m [écﬁ)‘%]?%{r? %)bgg or>a<rér2n rebo())(?mlde oa}hn%caglgt |Scal |y

accept abl e2:3al:1, driex.eof .
3. The acid salt of claim 3 wherein the stoichiometry is 1:1.

4, A pharmaceutical composition comprising a compound of claims 1 — 3 and one

or more pharmaceutically acceptable carrier.

5. Use of a compound as claimed in claims 1-3 for the manufacture of a
medicament for the treatment or prevention of a central nervous system disorder,

inflammation, pain, or neovascularization.

6. The use of claim 5, wherein the central nervous system disorde’r is

characterized by an alteration in normal neurotransmitter release.

7. The use of claims 5 or 6, wherein the central nervous system disorder is
selected from mild cognitive impairment, age-associated memory impairment, pre-
senile dementia, early onset Alzheimer's disease, senile dementia, dementia of the
Alzheimer's type, Alzheimer's disease, Lewy Body dementia, micro-infarct dementia,
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AIDS-related dementia, HIV-dementia, multiple cerebral infarcts, Parkinsonism,
Parkinson’s disease, Pick's disease, progressive supranuclear palsy, Huntington’s

chorea, tardive dyskinesia, hyperkinesia, mania, attention deficit disorder, attention

deficit hyperactivbity disorder, anxiety, depression, dyslexia, schizophrenia, cognitive

dysfunction in schizophrenia, depression, obsessive-compulsive disorders, or
Tourette’s syndrome.

8.  The use of claims 5 = 7, wherein the central nervous systém disorder is
selected from Alzheimer's disease, mania, attention deficit disorder, attention deficit
hyperactivity disorder, anxiety, dyslexia, schizophrenia, cognitive dysfunction in
schizophrenia, depression, obsessive-compulsive disorders, or Tourette’s syndrome.

9. A compound as claimed in claims 1-3 for use in the treatment or prevention of a
central nervous system disorder, inflammation, pain, or neovascularization.

10. The use of claim 9, wherein the central nervous system disorder is
characterized by an alteration in normal neurotransmitter release.

11. The use of claims 8 or 10, wherein the central nervous system disorder is
selected from mild cognitive impairment, age-associa_ted memory impairment-, ‘pre-
senile dementia, early onset Alzheimer's disease, senile dementia, dementia of the
Alzheimer's type, Alzheimer's disease, Lewy Body dementia, micro-infarct dementia,
AIDS-related dementia, HIV-dementia, multiple cerebral infarcts, Parkinsonism,
Parkinson's disease, Pick's disease, progressive supranuclear palsy, Huntington’s -
chorea, tardive dyskinesia, hyperkinesia, mania, attention deficit disorder, attention
deficit hyperactivity disorder, anxiety, depression, dyslexia, schizophrenia, cognitive
~dysfunction in schizophrenia, depression, obsessive-compulsive disorders, or
Tourette’s syndrome. '

12. The use of claims 9 — 11, wherein the central nervous system disorder-is -
selected from Alzheimer's disease, mania, attention deficit disorder, attention deficit

_56_ L : (]



hyperactivity disorder, anxiety, dyslexia, schizophrenia, cognitive dysfunction in
schizophrenia, depression, obsessive-compulsive disorders, or Tourette’s syndrome.

13. A method of manufacturing (2S,3R)- N-(2-((3-pyridinyl)methyl-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide or a pharmaceutically acceptable
salt  thereof, substantially = free  of (2S,3S)-N-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide or a pharmaceutically acceptable
salt thereof, (2R,38)-N-(2—((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-
“9-carboxamide or a pharmaceutically acceptable salt thereof, and (2R,3R)-N-(2-((3-
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2—carboxamide or a
pharmaceutically acceptable salt thereof, comprising sequential dynamic resolution
and stereoselective reductive amination of (2-((3-pyridinyl)methyl-1-
azabicyclo[2.2.2]oct-3-one.

14. A method of manufacturing (2S,3R)- N-(2-((3-pyridinyl)methyl-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide or a pharmaceutically acceptable
salt thereof,  substantially free  of (2S,3S)-N-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide or a pharmaceutically acceptable
salt thereof, (2R,3S)-N-(2-((3-pyridiny|)methyl)-1-azabicyclo[2.2.2]oct-3-yl)benzofuran-
2-carboxamide or a pharmaceutically accéptable salt thereof, and (2R,3R)-N-(2-((3-
pyridinyl)methyl)-1 -azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide or a
pharmaceutically acceptable salt thereof, comprising (2S,3R)~(2-((3-pyridinyl)methyf)-3-
amino-1-azabicyclo[2.2.2]octane. |

15.  (2S,3R)-N-(2-((3-pyridinyl)methyl)-1 -azabicyclo[2.2.2]oct-3-yl)benzofuran-2-
carboxamide hydrochloride or a hydrate or solvate thereof, substantially free of
(ZS,3S)-N-(2-((3-pyridinyl)methyl)—1-azabicyclo[2.2.2]oct-3-yl)benzofuran-2-
carboxamide or a pharmaceutically acceptable salt thereof, (2R,3S)-N-(2-((3-
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-y|)benzofuran-z-carboxamide or a
pharmaceutically acceptable salt thereof, and (2R, 3R)-N-(2-((3-pyridinyl)methyl)-1-
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azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide or a pharmaceutically Vaccéptab|e
salt thereof.

16. (28,3R)-N-(2—((3-pyridinyl).methyl)-1-azabicyclo[Z.2.2]oct-3-yl)benzofuran-2-
carboxamide monohydrochloride or a hydrate or solvate thereof, substantially free of
(ZS,38)-N-(2-((3-pyridinyl)methyl)-1-azabiCyclo[2;2.2]oct-3-yl)benzofUran-2-
carboxamide or a pharmaceutically acceptable salt thereof, (2R,3S)-N-(2-((3-.
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-y|)benzofuran-Z-carboxamide or a
pharmaceutically acceptable salt thereof, and (2R,3R)-N-(2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)benzofuran-2-carboxamide or a pharmaceutically acceptable
salt thereof.
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