PREPARATI ON AND THERAPEUTI C APPLI CATI ONS OF (2S, 3R) - N- 24( 3-

PYRI DI NYL) METHYL) - 1- AZABI CYCLJ 2. 2. 2] OCT-3-YL) - 3, 5- DI FLUOROBENZAM DE

5Fi el d ofwoheiooss=at i on The present invention rel ateascaooempounds
that bind to and nodul ate the activity of neuronal nicotinic acetylcholine
receptors, to processes for preparing these conpounds, to pharmaceutical
conposi tions containing these conpounds and to nmet hods of using these

conpounds for t ders,

i ncl udi ng thos ng iﬁ%@ﬁ% (N]Z? ous system
(CNS). Background o o) 'r? of conpounds

that target neuronal nicotinic , al so known as nicotinic

acetyl choline receptors (nAChRs), has been the subj ect of several reviews
(see, for ®xanple, Breining et aField dithe InRegtionved. Chem 40: 3 (2005), Hogg

and Zachari as, ExplPPSErRvRhreirp Spbellug apBfty sho gty SO
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| nv. Dru nce 3: 30777, (2004
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306: 772 (ZOOB)sprd\/&MQer(ZOwD Saita andJZacﬁ%hmerxpeH OpExp)'herTngetSG%1 16 (2004));
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i nstance, the ypes pr edom nant rain are
a42, a7, and Beavanm Cvmé?féagafymswﬁmeaw Bisedb i 4% (80QR), Grabamet @noni ¢

ganglia a 58 2883 R 9alyBRoeNS NeDRNTATHEILARY 2boA kL AN S ARG, and all8o

(see Dwos In et at ent’s 0) "and Hol I'i day
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conpounds is Rkh /b}egae @rﬁsq?%c@% nﬁ%%ﬁ%&fahﬁ%@o@“&%'é@#'ﬁ side effects

due to non-speci i ndi n For exanple
binding to anMeétG’Wm éﬁ)éﬁ @O%é/m@raﬁme@l@n@l W&S?ﬁt HeCHIBUbtYpes can | ead

to side ef fecyoshidfih @ obinMnb. HAIgs 8t 1d ezba@%aa ePar, Weﬁlﬂs&%nd@'ﬁ@t i ni ¢
bi ndi ng compound as a therapeutic agent. he conpound t he present

i nvent i on%xhﬁ? @304 Sﬂpréwdcﬁ"x'@ devip et 3, Alef. r‘f’g}"f’bat'ﬂ’ﬂe5%57(ZHmhR subt ype
and | ow af fi nphsa nge@él 8. rrhRRacor B YET8 (8604 Bhltie& aﬂaﬁéﬁrb&nk\ﬁx:@tp@e nuscl e
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Summary of the Invention The present invention includes

(2S, 3R) - N-24( 3-pyridinyl)nmethyl)-1-

azabi cyclwp2ov@fnat - 3-yl ) - 3, 5-di f| uor obenzam de ( For mulPaTIUS2@10/021926
pharmaceutically acceptable salt thereof. 25 Fornula I The conpound
of the present invention binds with high affinity to NNRs of the a7 subtype
and exhibit selectivity for this subtype over the a4132 NNR subtype, as

phar maceut | calUbO R EHGHES SURRITE A R, b epRRarer o Bl " o

invention or @ophavomgastial. aGlinl Jhercaseq)issaleoei)l t thereof. The pharnaceuti cal

iti ft t t
breventing a wi de U 919 oPeBiAN s B e Bro A BRGRR s Re ERIRER, hose
di sor Eler S chacmmeaddmdt hplhgraldvyzs/busmﬁstems Bér nrrl]ntamejthe OAChKR bubrtgregwdich
neur ot ranspi ssi on_or n 0. ergi c neurons.
The pr esen%n i ﬂ@eoﬁ?qoghnqnﬁwlvgggnr&g%ﬂ é[)ﬁreéx 418 5 O%f rggéog éd Zgbvg?n%gglgvgem |gng
di sorder s andwtigls predominetesat thelasitonamicJeBgli arena@(@deth@be(bjsf uncti ons,

10i nfl ammati op f n c [ and/ or
viral infecti onurbrﬂaélcﬁm@é?roé aIree Hﬂ@ﬁ%}ogﬁ@% %%%B%ﬁﬁe%?bo%g? Lp; or ot her
di sorders des&'her‘déaiemtnw mﬁﬁhéZOOGbarvjll-lollldey eliah.J. Mad. Gireps 40§26), 4Gt i on

i ncl udes a ne Ié 5.5(); or nodul ati ng neovascul ari zati on. The net hods invol ve

admi ni steri ng to subj ect a therapeutically effective amount of a conpound
of the pré8ent i nvilimitaiion of saemanitatigicTempeuiids istthatitheyfare gssogiaiedavithaceut i cal

conposi tion t t?agtoug Dﬁ&ééﬁ'?&e Sité QE&MQQQ% fp%@ﬂbb!nefﬂsltd mum@n@m@ﬁﬁsent

i nvention i ndudes conpounds that have ufi diagnostic agents and in
receptor bi ndpyRiyrss. uﬁP’@‘a@Jﬁled@%?g B@d‘dﬁb}m@?‘i@“ of muscle g gY@ ng and ot her

aspects of thﬁA@ﬁF%Wpe*sl&HﬂébdRﬁsl@é@‘fe@?éﬂhﬁdhrt@ﬁhﬂnﬂtrfelmh ef agatidlidr in the
detail ed descrjption and exarrgqes set forth below 20 Brier Description of

the Figures nicotinighindipgcomngund 2% 3thaAPeYicagPRlct recogniti on (NOR) vs. dose
for (2S,3R-N-2- The compounds of the present invention exhlblta high degree of specific

3- idi | | 2 ifl b id
o ot 1 2 oinging o the 7 BABRE S icdoyy SARbisbatle kb Sidpesk SR Bs ot - O
ef fect was 259@@@{1&% m%cleimm Subtybesy 'Brmthésd’@Hp@unds can sefvegsir e 2

depicts the data used nation of mum ef fective dose
for novel b, DeaPPREdBI AR of NE§Cisdn peFbisdh bt Pl GRS, 5

N- 24( 3- pyri di wmﬁd:mbud:r)gs’ideaa‘&btsccﬁoédd[b’& ndn-3pedific-ndOhR)suBtype Bindiihglor obenzam de
or phar maggutl cally acceptable salt thereof. A statistically significant

effect waS5 30 observed for doses as |ow as 0.03 ng/kg. Figure 3
depi cts novel object recogniti @un(rhm)ofﬂmlnwntmnf ol lowing the 3rd

adm ni stration of A

azabi cycl of 2. 2. 2] 1% f?ggéﬁlgn ﬁﬁ’ﬂ%% 2 {ﬁé ggﬁmyﬁ%{hwaceutl cally
accept abl e saﬁ%athM@‘P['é@f ]09&394)'&5 élflwabqnya@ﬂgfﬁqrmulamor @fmémaoﬁmmld)bser ved
for doses outziRpabB sakfetsdf dosi ng. Figure 4 depicts novel object
recogni tion (NOR 5) time follow ng the 3rd adm nistration of 0.3 ng/kg
(2S,3R) - N-2((3-pyri d| nyl ) met hyl ) - 1-

azabi cycl o[ 2. 2. 2] oct-3-y1)-3,5-difl uor obenz mde or a pharmaceutically
acceptabl e salt thereof. A statisticglly stonificant effect was observed
for doses out to 18 h 5after dosing. I

[?%:r' F

25
Formula |
The compound of the present invention binds with high affinity to NNRs of
the a7 subtype and exhibit selectivity for this subtype over the a4p2 NNR subtype,
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Figure 5 depicts a dose response for each of Conpound A and Conpound B with
a7 nicotinic receptors. Figure 6 depicts the el ectrophysi ol ogi cal
response wo 20m/@ppki cati on of each of Conpound A and ComrpoursdoiBonioos

acetyl choline (Ach). 10Figures 7A, 7B, and 7C depict el ectrophysi ol ogical
response for interaction of Conpound A with Ach, regarding activation of
the nicotinic a7 receptor. Figures 8A, 8B, and 8C depict

el ectrophysi o]0 | eraction of Conpound B with Ach,
regar di ng act%’v\g@?%no‘%?aﬁﬁggnﬁai usr?IeCSUb bél}gr eceptor. Figure 9 is an

x-ray diffracti on Tetpresent ihventicoinpludescbharmaseotidalehnironitions epepsising . Fi gure 10
Is acrystal ghl Ufﬁgbﬁrﬁi dre @%@gpl\'l%h& W&Mﬁ&ﬁ@ll?éé&ﬁtaﬁfélstaﬂ Figure 11 is

an x-ray diffrac tter ound actarate 20salt.
Figure 12 il | {hefeoht Ee WVWHH'@&C%WP%?'S{"S(CS}“%R"F?G@ iB¥RNtiQD FARLRSEEr act i on

patterns for ﬁ)@h&&lnbro?’a?e%}ﬂlﬁ%'Wld&@dri@@%f ESHUitiERIBdeefs, ifdudingenoke

e epriS CoraHPF Y S BT S Ash e S By ARSI de 1
CFA- 25 |nducs.dhéb@gema}aubrypﬁhahga&ioachomsg:c.seuaatsance nor ph| ne, and vehi de

wer e each adm ni stgred subcut aneou 24 hours after
CFA injection. The erPé?‘??a sty gldégés% &gggﬂ"g??%r”ﬁé’& beye@ to CFA
i nj ection (prdis&Bés.antdiduretionse stamestCNSdisbrderh end dysfunetionSC i nj ect i on.

e LR i G i ENARRES 2ol BRh Wi BaRB bRdlofyial O TRT © Dot veen

t he treatnent groups A e con roup erences are
consi dered si glfﬂcflornaam raetabolie svrwt@n@automeune dlSOfdefS qugtheedl;ordersl ustrates

the results o
(25, 3R) - N- 24( e%@%ﬂ‘rﬁ])fm%ﬁé&ﬁﬁ{%?@ﬁ_gg biddnt mger&.tamncludesamethfd fof

C oct - 3- -

di f | uor obenzaficd¢ating @PY@&F'?"\V@“P% T"@dﬁﬁih‘ﬁé '@40[9(5@9%'%@96%&?%%& n at
lc_loses 01;51 ﬁftH&?ﬁp@?ﬁc@ﬂ%ﬁe@f%’éﬁ%uﬁ%ﬁ%oﬁ@obﬁu dfitee N@&lrﬁln@eﬁtub?aﬁﬁlﬂilr@r oup. .

i gure ustrates, co ri so [ can ower in the
(28"5R) T 1. ( B3ebrRan AR PRumioriea st Epdrd s s dotush EORbos 6.
di f1 uor obenzapcudﬁortanyeateqﬁesebaaeentlordhdimtcoﬁupbuntdseha)t havecwtilityMdgt abl y, ani mal s
that were co-adm ni.ster dI\/LA ridinyl)methyl)-1-
Sazabi cycl of ZQ‘EQ%SB%?Q%D sy?rﬁd uérege%t 4 %?%%éd'¥a% éf%crfbge%ﬁlh&fq o show t he
reduced wei ght gai FThedriegbing eod btyeftdwecme&be psent irvantivinsareexpthined in
(2S, 3R) - N- 24( 3-
pyridinyl) met ﬁh?r taa'lz'rz‘i hlecdﬂ: "e 3385”%0 Fﬁlesfegfoghfbﬁuor obenzam de al one.
Figure 1620 | ustrates aver age food consunptl on was significantly lower in

t he (2S, 3R)-N-24(3-pyridinyl )%Feffsb\égérlﬂtlo? lmecylghpgsZ 2.2]oct-3-yl)-3, 5-

10di f 1 uor obenzanm de-treated obese m ce b-Te AI’tIC|€2 than in the
obese controls. Thegucdeprinisnaypkabiast wrognition(MAR) va. desefas(2838)-Nett ed by

(2S,3R) - N-2- p%/ndlnyl)methyl) 1-azabicyclo[2.2.2]oct-3- yI) -3, 5-d|ﬂuorobenzam|de or
((3 pyri di nyl ) - 1-azabi cycl o 2. 2. 2£oc - 3- 5-di fl uorobenzam de

oo st ALt Prargasedingly 2hrepta AR RIS C,
(2S, 3R) - N224( dbserved for doses as low as 0.1 m

d I thyl)-1- 3- di f | b de failed

P how 15t ho r blatie Ty 86 GGy 14) B B RTRAR G AP by the

obese rats adeife‘&l% d@osedor novel objlect recognition (NOll?) upon administration of Z(LZS 33R)5
2S,3R)-N-24 -

((ZII fl uoa obenzgﬁl 23%5 gﬂicﬂﬁ)%gﬁg ¥ a&ié)c)gll%ﬁbi @rggt:a@[s)z% ﬁdﬁ' Lgr%enza% d)e

(2S, 3R) - N-2(( ghq;mpmtlpgly)amgp@le) sakt thereof. A statistically significant effect was

azabi cycl gf 2. gbs%}@gtfo,?a-ogggas’io@ =diglosygypenzam de significantly inhibited

fasting 20pl asna gll:ucose evel s in obese mce 6 db- Test Article"). However,
this effect was igure 3 depicts novel object recognition (NOR) vs. time following the 3rd

administration of 0.1 mg/kg (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide or a pharmaceutically acceptable
salt thereof. A statistically significant effect was observed for doses out to 6 h

35 after dosing.



not reversed by co-adm nistration wth MA. Figure 18 illustrates
that (2S,3R)-N-24(3-pyridinyl)nethyl)-1-

azabi cyclwp2o@bnat - 3-y1) - 3, 5-di f|l uor obenzam de si gni f ipcanistyroiomivedi t ed
gl ycosyl ated HoAlc |l evels in obese mce ("db-Test Article"). The reduction
in 25gl ycosyl at ed HbAlc by

(2S, 3R) - N-24( 3- pyri di nyOret hyl ) - 1- azabi cycl o[ 2. 2. 2] oct - 3-

LE)3,%, 0T vor PR ARG R ALY (SRR b g Al A

azabi cycl of 2. adrﬁi]wistcatroﬂoyaﬁmllfg(dBfaR)leﬂ&mzrmmyﬂmeﬂw@»m ficantly reduced the

pro-i nfl amat . | e").
These effect Sg’%\é&éﬁ %E'}}Fﬁ&ﬁ@éb% %?ﬁlﬁg ra 6na6€?ﬁ|§@ztacﬁéghb§

ant agoni st M_gelt thereof. Aﬁt@,twﬂ@llzelgmr tans effest was thved for doses outto 18 h

(2S, 3R) - N-fll(%ﬂé?%él nyI )met hyl ) -1-

azabi cycl o 2] oct=3-y1)-3,5-difl uorobenzanmide resulted in significantly
| over triglyceri deFipuigd depicls aenssdesaope for epsh pESPmMPOYNd} @9 conpared with
vehi cl e-t r eat ggmpAHdEPNith &7 Fbthic rddptdrgduct i on in triglycerides by
(2S,3R) -N-2-((3-

35pyri di nyl ) net hyl figurefdapictsthe glestraphysiejeqicabraspgnss tesceiapRlicgiicg9Enzani de was
not attenuat eéadwof@@w@dmomaﬁd@émmnefswmcetylchonne (Adrgure 21 illustrates
the effect of (2S, 3R)-

yridin
azabi cycl 6§ 2. 2. 2] 0'539“'1?5)75) g%’ %ddch g’r%’ﬁ@ﬁ’?éﬁ%"@h"*%%ﬁfﬁes in Penh
E g; pgg )s e N: <234 Ermtéa@&b@ bf ©émsduAl lAemBiech regaraing WBivatiGrEsTIhd higdidicirce.
pyri di nyOnet h{ACFRI®E azabi cycl of 2. 2. 2] oct - 3-y1) - 3, 5-di f | uor obenzani de and

vehi cl e 5were adm FigtiesBAGISE, UM BCAHEpRtSIEitrobhybicigidai reepsmsetcrratracheal ly qd
for 6 consecutive da m n_bef ;Sﬁ OVA chal | enge

from 21 to day 25 at 3
and the |ast BN éggorg%nﬁi%g\ql%ﬁcbdege%@gaﬁthﬁtl%qufgeem ovocation on
day 26. The Pssbpteal ues were det erm' ned. One-way ANOVA fol |l owed by

Dunnett's test was 2 ed for ar| S n the OVA i muni zed vehi de
and ot her treatne @'%gdr'BSB%( ray tt%‘ R# em%{yg\e E‘i’g 5t rol . Fi gure
22 i || ustr at ebydréublceitié ealt. of (2S, 3R) N 24( 3- pyri d| nyOret hyl ) - 1-

azabi cycl o[ 2. 2. 2] 1 if] n e, bl cell counts
and differential O'%Fr c%’u%?grygtﬁpsuu fdg ﬁpﬁ '%énsnlg?‘i 'ﬁ%fb‘*mﬁ%d OChB g%gagR) N 24( 3-
pyridi nyl ) met hyl ) - Bigaatdiis g k-odyXiftra@ioo pat€n ydt JCoBpdunl AlhamFg:dhaHm'atenl de and
vehicl e 120Wegaqt adm ni st ered subcut aneously bid or were given
intratracheal y gd for 6 consecutive days fromday 21 to day 25 at 30

m nut es bef ore OVAFighml 126khstatesdn bvesial akdix @q)dﬂ‘fargnma@yaldﬁmqtmmpatmm at 30

m nut es befor harvest on day 26. The total
white bl ood c@bgélgﬁﬁgpfg%ég@%ﬁé%nl@%?&ﬁ?gdw counts were determ ned. One-way
ANOVA fol | oned by Fiawiect3iliusirates theviesulta passessntest of28S 8Bhai(&on bet ween the
OVA i muni zedpwamyﬁrh@mggqi aQM?&Elofzrﬁ]B&%% 2 8HB5robe rizaRiddHh ¥Ba- OVA-vehicle

control . rates the ef
(2S, 3R) - N224( @dﬁgﬁdlﬂ@ﬁrm@ygeqﬂgefla 1 Jest substance morphme and vehide were each

azabi cycl of 2. ad@m@@e&w&ataﬁeo@s@tééru@dmsmms@ murs%ftéhcmnﬁécﬁ&d cell

count and dif nt| counts burgin sensitize
(2S, 3R) - N- 2- ( erma peralgeS|a was per}ormed pr!orto é#A |njséct|on (pre—CFdA) before

25pyri di ny%trégth)antlamﬂﬁbom;aﬁénﬁ@lnjhcfi’c}ro(mneauayJANGvﬁéfoﬂio\i/éWtbbenzam de and

vehicle were [ L pntratracheal ly
gqd for 6 conségﬂﬁﬂ\?ééﬁmg ? gaﬁp%&l}es%é{w%éa{ﬂhgg XYF' §t(9q°"'p ng@’ebef ore OVA
chal | enge3@ndvettige 1>cm§p"ezmq>utg %ﬁyemwrﬂ considered signifiGnt at theitR®.05ef or e
bronchoal veol gyel avage fluid harvest on day 26. The total white bl ood cell
count and differential cell counts 30 were determ ned. Oje-.wa%/ ANOVA

fol | oned by Dunnetfigure;ddliusifaies Higpsults of Y fugyipesesseant heicakinaihathe ova

i muni Izeds\éeh(m :ﬂ?)&ﬂd—((@td?ﬁﬂln)tlrn%ﬁiylmnézagfcﬁI!WZ 2foeE8lyfa, 5vs. O|¢A- vehicle
contro owi ng
definitbns ar gﬁ?roé%t?ﬁnz?%%&' Pff{%fsve '%%@”ﬂ%ﬂé'??#PeurPﬂ@W%ar'?@t4?6?? ?{éd If a
parti cul aBSt emgikgsied 10mgisg comparadto tbe¥ehitle tadtey gep.i ned, such term Sshoul d
not be considered indeinite. Rather, terns are used w't hi n their accepted
nmeani ngs. As used herein, the term "conpound(s)" may be used to nean
the free base form or alternatively, asalt form of

(2S,3R) - N-24( 3- pyridinyl)nethyl)-1-

azabi cycl o[ 2. 2. 2] oct - 3-y1) -3, 5-di fl uor obenzam de, dependi ng on the context,
which 10wi Il be readily apparent Those skilled in the art will be able to
di stingui sh the



di fference. For ease of reference,
(2S,3R)-N-2((3-pyridinyl)nmethyl)-1-

azabi cyclwp2ov@fnat - 3-y1) - 3, 5-di f| uor obenzam de ( For mulPaTIUS2@10/021926
pharmaceutically acceptable salt thereof is also referred to as Conpound A
Additionally, a 15structural analog is used herein for conparative
purposes. (2S, 3R)-N 24( 3-

Pyridinyl ) met hyl ) F]I el étQ% gon?%a%L&?\?lel&t)é;%fa% rJnHQ%rﬂl?%Weg[)ntgg or

pharmaceutical ly ace ep tab er eo
Conpound B i s(28, ﬁhﬁbz-é(&pywmmhya razebinycio[?.Rloak-EYIa8.5publ i shed in V\D

04/76449, her&%rllfrbrb%%%rﬁeé ?rFé’th r@%s‘é?“a%—ﬁ@ﬁ@rtncl@?ﬁ?t u?\%gabflﬁgﬁh?ls tidfe term

phar maceuti ca acce ers to carri

exci pi ent (s) ‘ﬁ?fe§8’ra@"!"tb?t¢f§d MLAwilb (%\%ﬁBbMd(i’oW'ﬂWél metadkeht i nvention t hat

are conpats bl @za‘ﬂlc%lo[ﬁ hQ]dT& b@f) 31 QIR RAbmi G failélﬁofs%We%alﬂﬁd and not
del eterious to the reci EI ent of the pharnmaceutical co 03| tion. As used

herein, the tWfghtgs KA Y 1 Poess s afminisiered @PetRI-N%(E 25 conpound of

t he present i pwﬁrmylorﬁéthﬂpwzmdybw[zam]weq/l)w5 blflﬁb’t@b@izarl?ﬂaéﬁloﬂéar maceutical |y
acceptable carrier ar maceu ositions

preferably exhi bi tég Ur§e &J@ér%t?s g\feé?ﬂelfg?fcopﬁur@?ﬂ?f‘r’“@ﬁﬁ‘@ﬂ%‘%ﬁ %W&f ions so as
t o make t hem thei2S&BRENL2¢(3-pymiding/lrodthy!)- ngchlc[Gmmcm-Bql)mzatl on purposes. As
used herehg), o B Pnosbagh bUeMBLPl 1o hIRLARGN h 5l doboe! | oot | ve

30amount " anoun ctrve o an anpunt of
t he corrpound cﬁntrpheTpe toodgonsumption ofdhe tear ficeiveastunafiectdd kyi (2S BRENeesi r ed

P event L on ot PRI ERRE el B SogiLites, S ORHbb AR Pt V0
mani f est ed byAderay AR thatmere ea-pdnginisteeeddicy W @SAR) F-2{((Be di sorder, as
wel | as the omaatnyn%ethﬁm-gymaap zaeqw@,lygtsesid.ﬁ&rwbénaamefeﬁiéé%ﬁew

Tr eat ment _ of u&eﬁ)r der 5/ g decrease or elimnation of
synpt oms, 1% nhf Sl'?q daily Pusragestopd S‘P”SPH‘E“%%‘BPE%%‘PV&He gbeseratsdi sorder, as
wel | as any oadisinisteasat(28 BRI-N@((3-pyridigl) wethl)- paiaticyeb[2tBofatynens.-. As
w il be di scu&ged i n_nor.e Idetall bel ow and with reference to Figures 1 2,
3, and 4, a st l{qr%tfené%mfj?,agpam ficant effect is observed for doses of the
conpound of For nulRigure 1@rillustratbsithan@813R)-bled-{(3-patdirgpinatolip1sal t t her eof , as

I 0. 03 b d ft

o 2 0102 Mo 2Rt 8 R uBRa B Pub R L e
condi ti on2®f plaenapgitcasatevetsiireotsse encet (jdbeTest Article’j mpibeewer dhis effect diasor der, and
t he manner i nndqﬁpévggeawecg%mggﬁgnlvﬁﬁl le)rrpom tion is adm ni stered. Thus,

as used herein, the e trve dose € less than 100 ng, preferably Iess
than 50 ny, nore dﬁiﬂzﬂreﬂﬁhiluytrate%@at(%ﬁmﬂ 2(§3-perdknytimethgl)-1pr ef erabl y | ess

than 1ng. Thegepr|didsbirykt9969%. é.mr%ﬁ ié@ﬁijrﬁ%ﬂﬁyth@ﬁnte%munt adm ni st er ed

as a single dose, or as one or_ nore ni stered over a 24 hours
peri od. Corn Y¥igsyated HbATC levels 0?@9%'?3@61( dB‘fTeﬁtI’f’ét'Cﬂﬁ bsErtredyptienini on i ncki des

a conpoungs ( 2§ycdR)iathl BibA1c by (28 3R)- N 2- I (3- pyrldmyl)methgl) -1- azablcyclo[z 2.2]Joct-3-

15(( 3- d 1- -di fl b d
LR S b gttt asad o

one enbodi nent, t Riguwenpdlustthtesthal(DSBRMNFR{(S vyrfdir%meﬂhylpme or nmor e of
20(2R, 33) - N- aénz]gg cyé(d’[ﬁ 9 2%[ é nﬁ%%yé %o%‘ob%%?atr)r%lgé/&gm%cangy Luoed the B/rl) 3,5

di fl uor obenz
(2R, 3R) - N- 2( (laﬂqwnatquynoynnefr N [ajpha-iraotmise ojael (GIbZTedt Ritice™) - Bhask)effects

3, 5-di f | ugy Ohﬁé}éﬁmtﬁt@d b@&fiacﬁr%ﬁstﬁ)on'}J’f@u(e(agmayshtg%&h’étmt hyl’) - 1-

azabi cycl o[ 2. 2. 2] oct - X ? | uor obenzam
Flgure 20 iilustrates that (28,3R)-N-2-((3-pyridinyl)methyl)-1-

azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide resuited in significantly lower
triglyceride levels in obese mice (“db-Test Article”) compared with vehicle-treated
controls ("db”). The reduction in triglycerides by (2S,3R)-N-2-((3-

35  pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide was not
attenuated by co-administration of MLA.



In one enbodinent, the is an acid addition salt wherein the acid is

25sel ected from hydrochl oric acid, nethanesul fonic acid, maleic acid,
phosphor iwoaeiohss4 hydr oxy- 2- napht hoi ¢ aci d, mal oni ¢ acipdT/us2a1ant®eé c aci d,
fumaric acid, citric acid, L-malic acid, R nmandelic acid, S-nmandelic acid,
succinic acid, 4- acetam dobenzoic acid, adipic acid, galactaric add,

di -p-toluoyl-D-tartaric acid, oxalic acid, D glucuronic acid,

4- hydr oxybenzoi c i , ) hor sul f oni c
acid, (1R 3S)-(+) a@g%tér"mgﬁggﬁég%ﬁ% of Z%Cd rrl\leé 27(? ﬁqﬁﬂ)é%t r:fgr a hydrate
or sol vate t hazabisfclo[2. %d—%ﬂﬁ@dlmmde on YHechangesrin Panh espsnseici d t o
(2S, 3R) - N- 24( 3~y ééﬂbfﬁé'cﬁ gé(ln)dvérb%m@eﬁyﬁéeemcez (Eb%ﬁS-N?’zgfs-

Syl)-3,5-difl uoro enzam her ‘aspect of the present

i nvention i ncpﬂﬂ@ﬂ)@etbﬁhbéméléfﬁé’&]@@%fm&ﬁ -difluorobenzamide and vehicle
(2S, 3R) - N@M%@)ﬁﬁhﬂi@?&b& Q@Jcmé'néo %?cﬁ&'g%éﬁ'nrﬂnfaﬁa&eaibﬂﬁfoﬁs yl)-3,5-

di f|l uor obenzam de nono- hydrochl ori ate or solvate thereof;
10( 25, 3R) - N. 245 IRYPTARIRY 19 S %%%Peiym%fp@ QVA shsipngs apghes 5
di f | uor obenzaghidpsing Mas REMRREaE a030 MinetraMEhProveeatisalon dales. athé

2S, 3R) - N-24 di b t-3-

f:li fl uoz obenzgé?’gé” I g}lg%ﬁ@bbﬁaza :@‘mﬁ)@%‘jﬂﬁ’me@%ﬁ awéé thereof
and (2S, 3R) - NaphliéBfopyarnghrisyn betwednthe OVAdmalohiezgd Vvehick dhdAties tre3tmet) - 3, 5-
15di f uor pbeng; ”édePib%gvs o %g\q[e%%l%?&]zoqate or a hydrate or solvate thereof.

Anot her aspec? the present Tnvention includes a conmpound,
(2S, 3R) - N24( 3- pyrlﬁingZ)‘anmsm{las thEeﬁetalon)‘BcﬂR){'\EZ A3 Pyadioy)Beiy)-13, 5- di f | uor obe

nzam de or a | ess t han
25% prefer ab%ﬁwg?z}&% yéssgscéiﬁfbtr@&%g%rﬁg%é er ?Btﬁggdc%ﬁ? g@*r%?ér{gpl ess than
5% pr ef er abl giffrentiahceli qountg in exatbuniresengitizedyied. e(ﬁﬁ@wf\bbﬁﬁal ni ng cont ai ni ng

| ess than 1% Qfiidln F1-a -2,218%-3:y1)-3 5-dlfluorob o and vehid
(2R 3S)- N-2( ( ri y%ﬁ%r@{ %yﬁglb 6]12a IyC)yC lfléoro eizamide and vehicle

yl_) 3,5-di? | uW?’G@éHW’G@SU@PéIﬂé?U#yM v given @Fatf%h%'ﬁﬁﬂ a6 on, by

wei ght . uhies dé&%%ﬁidé?fmtt@@aﬁ?ét%@ﬁmhd’ié’@ﬁ&fér@ rovmiau&@é afid conpound
(2S,3R) - N24(3 p gll nr}/%& % - azabi c é@é Zégoct 3- %/ 5-di fl uor obe
nzanmi de 25( Foﬁh shd¢sy tf?é‘?f’eq}?P@?i th‘ils Q,’%Bf ghealvegiag at’?ﬁ@r eof which

i S substant i afldiyharvest baldhy 26 Théwrutdl hite Bispecdll cotntland difefenpallcgneguptdi ¢ f or m of
a conpound (2

N-24( 3- pyri di WVF%'HVFS’ qneévfaé'ba%?/%/l\ E?fk?”ef %%‘@P%St 5W§s %Opﬁ?qflohor obenzam de
hydr ochl 020 decanysariaart isetvesrchd PVarimmuniagd dhicfer andtoithan trpattrieet groqmsnpr i si ng one

(irl gorlg peaks,?gotoglvg oVaNerlagr L§&% 20 of the follow ng peaks: 30 20 8.4 8.8

Figure 23 illustrates the effect of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-y1)-3,5-difluorobenzamide on % white blood cell count and
differential cell counts in ovalbumin sensitized mice. (2S,3R)-N-2-((3-

25  pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide and vehicle
were administered subcutaneously bid or were given intratracheally qd for 6
consecutive days from day 21 to day 25 at 30 minutes before OVA challenge and
the last dosing was administrated at 30 minutes before bronchoalveolar lavage
fluid harvest on day 26. The total white blood cell count and differential cell counts

30  were determined. One-way ANOVA followed by Dunnett's test was applied for
comparison between the OVA immunized vehicle and other treatment groups.
*P<0.05 vs. OVA-vehicle control.

35



16.0 17.6 18.4 18.9 19.9 20.1 21.3 23.1 25.4 26.2 Another aspect of the
present invention is a polynorphic formof a conpound

(2S, 3R) - Nw@-201038p3281 di nyOnet hyl ) - 1- azabi cycl o 2. 2. 2] oct PBTEP18/051926

5di f | uor obenzam de hydrochl ori de characterized by an x-ray powder
diffraction pattern that substantially corresponds to Figure 9. Another
aspect of the present invention includes use of a conpound of the present
invention, in the manufacture of .a % gamen I for the treatnent or
prevention of an a7-nedi ated dlsgg avy¥ﬁWction. Anot her aspect of the
10pr esent i nvBefinittons ncl udes a nethod for treating or preventing an

a7-nmedi ated di sea f I ng a
t herapeutically ef &C é”lo\%nsga&r%ﬁﬁ'n ng%fe %8%3'&0 cﬁé Hg bﬂﬂmtt E’mtﬂr%étgengﬁ i nventi on.
Anot her aspecdefioed.t lha ppitiedanterm used heiedris nd@bedwlmdefmaqb@uddtenﬁ t he present

nventi on 4 or éd@ dofid ERIAA iesle® Kaltek A rdTecRthidh slbsgage O

dysfuncti on. n one e I ment the | Ssease or dystunction I's selected
fromthe grou@e%'f'ﬂﬁ sting of: i) pain, including one or nore of

acute, neurol ogi c,ad yzbl AR ﬁ%&ernﬂ@é&h@&ﬁh{%}”%aﬁ&%@h%‘o R8arthe ¥ Er € chronic
pai n, post- operatlve pai n, pain associ ated wt er, angina, renal or

biliary coli cPasederEy pialiemativelagal farm of ESuAR)- "h?‘ﬁ(l‘??rﬂyf'ﬁ"gy')m%ﬂrﬂat oi d di sease,
t eno-synovi ti &abwﬁﬁdwbmdc% belmMenﬁmlé‘@ﬂﬁﬁéddﬁm oaQﬁ@wn@éxg whichdi abeti c

e Pt Dol g I R Lo RO SHER ST bR o 270,
| di abet es nedifféerence, type |1 diabetes mellitus, or diabetic neuropathy;
L)L TRt On el B e RBE AL LB ATRR S T o
i nfl anmati on, aqggnqulqigzQ]océwb{i@xtbﬂﬁoagbegmmide &ounwda ) sea@bgroateutiealyt e gout'y
arthritis, aréé&éﬁt&ﬁlé salfifflereof is also referred to as Compound A. Additionally, a
16 structural analog is used herein for comparative purposes. (2S,3R)-N-2-((3-
Pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-4-fluorobenzamide or a
pharmaceutically acceptable salt thereof is referred to as Compound B.
Compound B is a single isomer of a racemic mixture as published in WO
04/76449, herein incorporated by reference.
20 As used herein, the term “pharmaceutically acceptable” refers to carrier(s),
diluent(s), excipient(s) or salt forms of the compound of the present invention that
are compatible with the other ingredients of the formulation and not deleterious to
the recipient of the pharmaceutical composition.
As used herein, the term “pharmaceutical composition” refers to a
25  compound of the present invention optionally admixed with one or more
pharmaceutically acceptable carriers, diluents, or exipients. Pharmaceutical
compositions preferably exhibit a degree of stability to environmental conditions
so as to make them suitable for manufacturing and commercialization purposes.
As used herein, the terms "effective amount", "therapeutically effective
30 amount”, "therapeutic amount," or "effective dose" refer to an amount of the
compound of the present invention sufficient to elicit the desired pharmacological
or therapeutic effects, thus resulting in effective prevention or treatment of a
disorder. Prevention of the disorder may be manifested by delaying or preventing
the progression of the disorder, as well as the onset of the symptoms associated
35  with the disorder. Treatment of the disorder may be manifested by a decrease or
elimination of symptoms, inhibition or reversal of the progression of the disorder,

7



rheumatoid arthritis, osteoarthritis, allograft rejection, chronic
transpl ant rejection, asthna, atherosderosis, nononucl ear-phagocyte
dependentwbungy/assj2ury, atopic dermatitis, chronic obstr ecrivseoipokwanary
di sease, adult respiratory distress syndronme, acute chest syndrone in
sickle cell disease, inflammatory bowel 5disease, Crohn's disease,

ul cerative colitis, acute cholangitis, aphteous stomatitis, pouchitis,

gl oner ul onephrl ti nephriti t hr a raft vs. host
reaction; and3 V¥ @859 ypql(wcoﬁ Lf"ﬁafontaeéﬁ’ﬁ@g% @p%pa&engge_ associ at ed menory
i mpai rment, mld chgwiltbedscusspdinmanridetap belowand igh cideremdei ta Figeees|ly onset

LOA zhei rer. ) 36335 SBEALLIS SHAREN bt (RRERLF1cPlodkbr ALEDRMIR o LYPe.

mild to noder e “denehira . erner-s menti a,
vascul ar denentfamulall zi&i pharmascediicananseptahle mdbthemprss l@é’rﬁ?rﬂqi’dﬂ\&/b@rpl ex,

attention def in%rua.ngbﬁ@&éﬂ@asen@afoeﬂs LD Q@Eh&'o‘osuh%p‘?ﬁé‘éﬁécwetdbsgb%?r der,

dysl exi a, schizophfenia, schizophreni orm di sor schi zoaffective
di sorder, cogMawi idpeenping l€ﬂ°ﬂ§aqtcﬁs sushasitheossndiion of the petieab Hiei severdy @fysfunction

in schi zop_hr € fHeBymptoms of Maidbfder amA Bt mBinet MEvHRIhARE PharmBy&itdion | ncl udes a
pharmaceutical conposition conprising a conpound of the pr esent i nvention

and one or mF@“W‘Pﬁm'"'gﬁ'leF’yTﬁ%ébt’%ﬁ?I hereim, the @‘pectlve dose may banot her

aspect of thedgs gafnbo h@vsrréfdrémy |b§s:thuds@mg e pste@bly GrR8 #RI 100ng,
20acet yl CQQI i ne-i nduced agurre népr Si n%r ﬂ i sterlag an eff ctive
amount ~ of ca%ﬁ‘ﬂﬂ&“ﬂiﬂ W dess agelig eGHve doses typiaally i pRIPSEI B di nent  of
t he present i amemtladmmsmda(ﬂGSaéﬂ@eiﬂi&e,kﬂfé’sdir(e%r more doses administered
pyri di nyl) met h?/ g 2]4h<3(1)zab| (I_;Iégl o[ 2.2.2]oct-3-y1)-3,5-difluorobenzam de or a
phar maceut i caf %/ acceﬁfsanoel 'salt thereof with reference to any one of the
25 Exanpl es. Compoupd®t her enbodi ment of the present invention includes
(2S, 3R) - N- 24( 3-
pyri di nyOnet hyl ) - 105%3??60t the[pzeie%Tver}tlo%chiesga LR Pd 82rso%%nzam de or a
phar naceuﬂﬁca((B’;pymwme&‘ryI)é -azabicyddiis? 8loft-3-g)-3 Gslifluaebanzamids (Fermuteer apeut i ¢
substance. 30 j ent invention indudes a nethod
of nodul ati ngﬁﬁ&%{*&ﬁﬁn&%@gﬂ%}%@?&?dgébﬁgﬁttt rgésfeof t hrough the adm nistration
of (2S, 3R)-N-24(3-pyridinyOrethyl)-1-azabicyclo[2.2.2]oct-3-y1)-3,5-
di fl1 uorobenzam de or a pharnmaceutically acceptable salt thereof. The scope
of the present invention includes conpinat
enbodi nents. Unl ess otherw se stated, |str

t he presence of one or

meant to include conpounds whi ibfe
nore isotopically enriched ato Fpr e conmpounds havi ng the present
structure except for the replac of0a hydrogen atom by deuterium or

tritium or the replacenent of a%arb n atom by 13C or 14C, or the

repl acenent of a nitrogen 5atom by 1 or the replacenent of an oxygen
atomw th 170 or150 are within the §co of the invention. Such

i sotopically | abel ed conpounds are useiml as research or diagnostic tools.
The present invention includes a salt”or solvate of the (2S, 3R)-N2-((3-
pyridi nyl ) met hyl)-1-azabi cycl o[ 2. 2. 2] oct-3-y1) -3, 5-di fl uor obenzarri de,

i ncluding 10 conbinations thereof, skoimuasl a solvate of a salt. The

conpounds of the pm%%@%bbamm i raoﬁrggafum ﬁbstaﬂuaglfr\éeh%e Jr%orsérarm' e

hydrated, as wel | as unsol vated sent 1 nvention

enconpass€8 afdR3IVW2H(GrryEdinyhmethyiazabisyqigf2. ZBlﬂCt'%ﬁ 3gbsol utely, the salts
of the presentiflidryshzb®ide (2R, Wﬂﬁ&@%‘idn@ﬁhhtﬁ m%e%.a}alog Sootts-yoal t's

cncompassed s ik A LSRR SR i 0T € Sl £ refer cc

azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide.

es depicted herein are al so

In one embodiment, the is an acid addition salt, wherein the acid is
25  selected from hydrochloric acid, methanesulfonic acid, maleic acid, phosphoric
acid, 1-hydroxy-2-naphthoic acid, malonic acid, L-tartaric acid, fumaric acid, citric
acid, L-malic acid, R-mandelic acid, S-mandelic acid, succinic acid, 4-
acetamidobenzoic acid, adipic acid, galactaric acid, di-p-toluoyi-D-tartaric acid,

8



this invention. Exanples of suitable pharnmaceutically acceptable salts

i nclude inorganic acid addition salts such as chloride, brom de, sulfate,
phosphat evoanth/asst2aat e; organi c acid addition salts suclrCaaSazieatoes

gal actarate, propionate, succinate, 20lactate, glycolate, nalate, tartrate,
citrate, mal eate, fumarate, nethanesul fonate, p-toluenesul fonate, and
ascorbate; salts with acidic amno acid such as aspartate and gl utamate;

al kali metal salts h as sodi. salt and |t; .al kaline earth
metal salts sP@C 3‘33 #ﬁ%’H%‘gf”ﬂﬁ?@g 4fhy§W6y9:e§F?fFﬂﬂ$sa’?"?tﬂ]m&'ﬁ%zrﬂ'ﬁﬂﬁdgal t; organic
basi ¢ sal ts s(USh(8s!Otdampbodsylfaniviacel, 6I&,3S)-(t)raaeiphylicavidiendpd t pyr| d| ne salt,

25pi col i ne_salf endl gk S0EXYLATHAR & 3bikate Bkt N ARSI KABHEN, FRodi ami ne

salt; and sal suc sl ne sa ar gi ni ne

salt. The sal molapgfio ptadichtoddpBREBIE3-pydinabraethy 1-@%@%@'P[23?02]9¢é-t3es As

noted herein, yj B JRuBRBBAzANIERS 2 11ncl udes speci fic conpounds, which are
identified herein wwth particularity. The conpounds of this invention nmay

be 30made by a varﬁ“’@ﬂ'}?r6?9%?fﬁ'3ﬁj%res?’\tlﬁ‘l"%'i°ﬂ{j‘ £$ 2 ROTBRYNA sEREE? d synt heti ¢
met hods. |1l ugémati ve general synthetic nethods are set out bel ow and then

speci fic conmpound ntion are prepared in the ki ng Exanpl es.
In all of the exan(ﬁgé;g B‘e?skg %‘@@F@W&ﬁ?@ﬁgﬁp%ﬂa?ﬁi&&wgbr sensitive or
reactive grouaﬂucaotfenea]rpnbeymdo-\PWDmImﬂeessayqratiermra:ﬂvate thereoé Wit h general
35princi p s of sy C,_ mani pul at ed
accordi ng o] stan gégﬁﬁr@%ggg%ﬁ$@%9th§ c s néf’}%gg Qj?ééﬁ”?or exanple, T. W
G een and P. d;ﬂuormemamldemoop@bosphgte@ebp@anemrsmlg@tﬁtr@r@ynt hesis, 3'd

Editi on, John W g(?ségﬁ)Sﬂ[@_«:;Wd,mﬁ]gthwQgggglcyc[gtﬁgjoﬂrwwgare rem)ved at a

conveni ent st ag synthesis usin at are readily
apparent to t fibe@okgazamidg mmoﬂﬂyd@mbenmﬁe Y @éfﬂt%w sivaiertbereatsend as wel | as

the reaction condi 95(3@? N&ﬂﬂ399;‘i&?ﬁy{)ﬁh€th§?ﬁ%ébl&/‘éﬁf_ﬂi‘ bBe-FfIRs 5. be consi st ent

with the prepar ation ounds "of resen nventi1on. The present
i nventi on'al séfl W%Rﬁl"é@%"d&hﬁ@tﬁbwf?’ﬁpeﬂzﬁéteﬂﬂthw%@ﬁesmé?'Vﬂﬁﬂﬁ&ﬂﬁds useful as

i Int er rns‘dlt ﬁt es | ndt,h?tﬁlarr?%cﬁéﬂtﬁm @Eerﬁ%ﬂ@ﬁﬂﬁluﬁéséb@nﬁﬁae(% 3RMENt i on 4
al ong w rre S or a unds e repare
acco?dl ng to WB?'PW%H)HB%?E& 'ﬁé?%ﬁ’%%&&r?%ﬂc @9%%?8@"3 &t ﬁg P

mat eri al s andptizagesutically bbcetptb%ﬁaesaltﬁwtédfﬁdﬂﬁammgresﬁmaﬁ ZB%yprbﬁerﬁ)“hgpl oyed whi ch

are thensel ve f i ski | but are not

nentioned in éornléézlﬁe Ie%%lhtgﬁﬁsﬁsgrf{e?%@rc%@{%@éss ﬂs‘% Oft ?fef‘aﬁg pr esent

i nvent i on20 el eandgininglessthah Z%pmfﬁdrlymnmﬁniqmnak)mg less than 1% of

N-24( 3- pyri di - I r obenzam de
(25 é'ﬂegﬁgé) %r@%ﬁ%wg (f}iﬁ?fg'” ";%y ﬁx%%%&;éﬂégg? 3-y1)- 3, 5-

di f 1 uor obenzaVﬁ Q'fwotql?é“ﬁ"&? B'ﬁ@é'“ﬂtﬂdhﬁi" yor @ Cé?mbif@ Q0. PHWeight t ed wat er

solubility. HoweveAnotﬁelaasﬁercfe@rt@@ﬁeséfm Inbeﬁt@aﬁklu%ébc&ﬁmnu s aN-c and
organi c acids make 20certain ac on that have physi cal

properties t h%‘l«%aqyﬁd'%)ﬁ)\?myade%ﬁ??'qqm{z £ R@Cb? é'baﬁa‘i'foBFPbSPzaﬁPﬁ% maceut i cal
conposi ti efis eahulay oczmpaamidcemtlc’awy acw;ttme Setl thidrebfivinich isebstingdiyl i ty towar d

chem cal degradat i cal l t hese f har eytically
accept abl e sa?‘?’% Ihne Ano¥h%r aspectylhclucpes a po ymorphlc%rm ofaa compound CS:&&)—
N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide
hydrochloride characterized by an x-ray diffraction pattern comprising one or more
peaks within + 0.5 degrees 20 of the following peaks:

30
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8.4
8.8
11.9
13.2
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The present invention includes pharmaceutically acceptable salts of
25(2S,3R)-N-2- ((3-pyridinyl)nmethyl)-1-azabicycl o[ 2. 2. 2] oct-3-y1)-3, 5-
di f | uor ob®ozarvmde724 Exanpl es of suitabl e pharmaceuti cal | yCaase@vabioes sal t s
include inorganic acid addition salts such as chloride, brom de, sulfate,
phosphate, and nitrate; organic acid addition salts such as acetate,
gal actarate, propionate, succinate, |lactate, glycolate, nalate, tartrate,
citrate, mal eate, 30fumarate, nethanesutfpprate; p-tol uenesul fonate, and

_ : rat . SuTHey _
ascorbate; salts with acidic am no acid such as aspartate and gl ut anate;
al kali netal salts such as sodi um sal|{t afd6potassiumsalt; alkaline earth
metal salts such as magnesi um salt and—cgggiumsalt; anmoni um salt; organic
basic salts such as trinethylamne salt riethylamne salt, pyridine salt,
pi col i ne salt, dicyclohexyl am ne salt, al8®N, N|- 35di benzyl et hyl enedi am ne
salt; and salts with basic am no aci ¢—sugggas flysine salt and arginine
sat. The salts may be in sone cases hydrates or sol vates, such as et hanol
sol vat es. One aspect of the presen?oﬂnvertlon i ncl udes acid addition
salts of (2S,3R)-N 24(3-pyridinyl) netthypys-azabi cycl o[ 2. 2. 2] oct - 3-y1) - 3, 5-
5di f | uor obenzam de wherein the acid ils_selectedq from hydrochloric acid,
nmet hanesul fonic acid, maleic acid, prospﬁéﬂlc acid, 1-hydroxy-2- naphth0|c
acid, malonic acid, L-tartaric aC|d TumgEC agid, citric acid, L-malic
acid, R- mandel i c acid, S-mandel i c aC|d succinijc aC|d 4- acet ani dobenzoi ¢
acid, adipic acid, galactaric acid, di-p2f@luoyl-D-tartaric acid, oxalic
acid, D-glucuronic add, 4- 10 hydroxybenzoic acid, 4- nethoxyben20|c add,
(1S)-(+)-10-canphorsul fonic acid, (1R,38)-(+)-canphoric acid, and
p-tol uenesul foni c acid. The present invention also includes hydrates and
sol vates of these mwkier b§yeasof the presenﬂh&erﬁb@isdxbdwmrpmcmfmbh@ salts

CoTP L9 RS N o b e 5. el

15pyri di ny$ ) ndifiloydbhenzaraide bydryallovide cllar@dterized By g X+, fowdief difractbenzarri de i s
1:2 or 1:1, b 3, 2:3, 3:2 and 2:1, are
possi bl e. %“SP’L@% X ?’%htfaﬁ%?&%%gor%%é%@ﬁwe%nvent| on, the salt has a

st oi chi omat r y of aAviother espekct of the present invention includes use of a compound of the

(25, 3R) - N-2- (e By R lhlack 23D B Rt 7 el ) -3 S

di f | uor obenza I'n anot er as a
st oi chi onet r yprefergionef ah of-mediated disease or dysfunction. Another aspect of the

28, 3R 4 Mol = h= i t 5-
éll fl uoz ol?;%zg% g%r{t E)r}%@%hﬂ&ﬁfd@&%éh Oﬁﬁrgfe%x@oﬁ[epﬁﬁ V%Bt%lﬁ%dl ﬁagé%tgd:) t he manner
by whi ch t he disg¢ase ordysfunclien coraprising administeringedherapeutisallyeffedtia@ have cryst al
structures thahoafet é’&’cﬁnﬁ&%&%ﬂ&é pFelaéﬁt ifVeRid ApBfkr %g%bt'?ﬁtr%%%seﬁpr mat i on.

Thus, the salts can occur drates an t her vates of varying
st oi chi onet r yinygntigpinglifes 3 @9"&‘2‘1“06 oftge P@SGGN)VQNW for(use in treating or

pyridi nyl) met gldntikg aﬁaanS‘e\dFalt&{é’ee%sgerﬁfkfuﬁctbbﬁ) |§ oﬁe éhbddipegezam de.

Anot her enbodi nent of present invention indudes (2S, 3R)-N 24(3-

pyri di nyl et Wﬁ*efrﬁm%%fséf'?c@ 1598 dhe- BoYPI9eNSISINg ATt | uor obenzani de or a
hydrate or sol vatg)t herpemf incla@iAg o @ma e bogbutes Aéurdlbgit hefapinefet | nventi on
|ndudes(283Rr aih roni n. seve ¢ "

pyridi nyl) net B 3p f%t?f‘&?é’l OTeZ ?cffoé‘bctpag‘ f/"ﬁ'oge@ R8P Bbenzarri de
nono- hydr ochl assodated with caryadr, angina renab briliagy ¢diie masistruation, migraineAgaitther

enbodi ment  of #t{?@s Rk id H tfeﬂ@-a r\%§11§ BLS% t?s4(r§er3=n]a| or herpetic.

pyri di nylé 1-azabi cyc oc - uor obenzam de
nono- 35ph %ph%ﬁ%a'@? diabefieipeirepadiy rai, Gasaloienlowgek painvrisafierentalitiodi ment  of

t he gresleglt Itiyﬁleg&ﬂeerbddgbﬂmpk%ﬁa)smhk 24( 3- R o 4
ridinyl)nme azabi -y1) - 3,5-di fl ugr obenzarri de
Iror)t/)no 4- yhydr oxzbe oat &' °§l ﬂ{pﬁ;og{e J"’S‘F’h f%yp‘é??'ﬁg"rt‘é%?‘?mtus' type |l

diabetes mellitus, or diabetic neuropaty;

iii) inflammation, including one or more of psoriasis, asthma,
25  atherosclerosis, idiopathic pulmonary fibrosis, chronic and acute inflammation,
psoriasis, endotoxemia, gout, acute pseudogout, acute gouty arthritis, arthritis,

10



Anot her enbodi ment of the present invention includes (2S, 3R)-N 2-((3-
S5pyridi nyl)net hyl)-1-azabicycl o[ 2. 2. 2] oct-3-y1)-3,5-di fl uorobenzam de

hem - 4- hyorowyisenzaoat e or a hydrate or sol vate thereof PCT/US2010A21926 t her
aspect of the present invention includes processes for the preparation of
the salts. The precise conditions under which the salts are fornmed may be
enpirically determ ned. The salts nay be obtai ned by crystallization under

o R i g ST FRor bR B debi T
(2S, 3R) - N- 24( 8stjrya, afierydJenesidh yiopheruckaaphagycltefiehePd@it bamg-irgury,Jated; 5-

difl uorobenzzagérprf,:]tI ﬁ’BP%f’%@‘gﬁ‘{éﬁg f%é/ d?éé%?é’taﬁm Feséiﬂbc% EFﬁés%Of cont ai ni ng

| ess than 25% prefera nor e prefera ess than 5% even
15 nore pref esmglrgmq eg@epmSmowmwgpelmlweamamaé@y beweln 1% of

(2R 3R) -, & 25d|§§sé Cl‘%n 6 aBeéas%) ulceratlve colltls acute cholangltls aghteous stomatitis,
N-2((3- pyr|d| nyOret h ¥ )-1-azabic 2] oct - 3-y1) f| uor obenzani de

by wei ght eit R4chitingiomeIuiangrprits quHs E%WHF% rorghpsis, and graft g, r‘l‘l’iétt hod for
preparing therggilidn: A4 N8 can vary The pr epar ation

(2S, 3R) - N- 24( 3- pyr|d|nyl net h lzu azablc %22200t-3- 1)-3, 5-

20di f | uor obenzani d¥ sai%P9M 9'{398%‘? PV“ gfs@ssociated men%) m Xi ng t he

free base, orlr@a&ﬁbu& hﬂﬁlc@jnlthlé&nﬁdrﬁenb&%%eﬁﬂe @enmblesarlpumt

2S, 3R - id I t hy 1
<(1I| fl uoz obd ﬁ &Zgék\eh“!‘ Qg%%?fsfﬂ?{ee&%r\% em ﬁﬁ %[t%%élz '%%'%lsety%% nﬁlg %:Cf n pure form
or as a sol ut moderafe dementid ofttheAIabemherstypea Lewy beryldeneotiaj@adculat ypi cal |y 0.5

to 1 equival egérﬁerﬁ &%J?rﬁelascd g'as? stroke E?é Aerﬁéﬁla%?r%{vl%y%b%m%a a’igﬁclﬁl ting salt

solution if necessar cause ng a suitable
anti-sol vent ﬂl@ordaruséerwpedéfmthmaramwtmsom|dyyle¥@)scbl2@5m¢ma| ng the first

sol vent and agw&gh@nﬂnm% ?d?e'r‘é%m&?ﬁ@&wé%%@ ree?rﬁﬁvte*a%rc.éﬁrﬁps (i) (a) or

Step(ll)‘g ; ||| tering an ecting the salt.
The st oi cAv onBthizpphregiaangtcognifve dysiupetion dpsroizapreRiaon, and tenperature 35

enpl oyed can vary. AR a§eud athy/ e§&it#ﬁ@ﬁt§nﬁﬁ&ﬁhe§§‘?h%a8&ﬁ@alto prepare or
recrystallize the salt forms include, without |imtation, ethanol,

met hanol , pr opRRASItion CABRSKIHA cogmropndef the %’8%5‘9’?”"&8@9‘&?%"' O{B¥Eone, et hyl

acetate, tol upmmaWﬁIIyamﬁptable@hteyl ket one, rret hyl |sobutyl ket one,
| .orone n- hept ane, and

tert-butyl rrethyl drofyran.. dic n
acetonitrile. Sev eéﬁsR%é%ng%Brﬁ%n (¥GHiga newdes ame b f?"@ﬂﬁf‘ cient to
est abl i sh2@ he'ac:etﬁchohmndm:ed cutrére comprisingtadotisiéringfeareffactive tamoaht gpaepar at i ons.

Such stabilit orfisdl ngtqg%gggﬁtr%ﬁgonl n a variety of ways. Propensity to gain
and rel ease atnosp heri ¢ sture cah be assessed by dynam c vapor sorption

(DVS). GCeneral Syn‘brw&ar@nmlmctsafmeswﬁentysve@tlm includes (2S,3R)-N-2-((3-
(2S, 3R) - N-2- (éﬁldme&hﬂyh%%@}ﬂbb 2121@&3Q}|)03’§hfg%8ro€er%mé

10yl )-3,5-dif nzam de 1S achi eve enzotri azoF 1-y1)-N, N/ N, 1-

t et ramet hy| ur BMTTRFIVESAN RersPiRbleo:al thereof pitpTeigrenqedp anenecefiist i ng of

(2S, 3R) - 325 anExdinpley( 3- pyr i d| nyl ) met hyl) - 1-azabi cycl o[ 2. 2. 2] oct ane (obt ai ned
as described in PCT/ USO8/ erei n incorporated bésreference with

regard to such syrtipdgr Embg H‘e@t‘g thi eS8t IBYREHOOINEUdRS (@S 3B)-Ma- (st rated i n
Schere 1. pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide or a

pharmaceutically acceptable salt thereof for use as an active therapeutic
substance.

30 Another embodiment of the present invention includes a method of
modulating NNR in a subject in need thereof through the administration of
(28,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yI)-3,5-
difluorobenzamide or a pharmaceutically acceptable salt thereof.

The scope of the present invention includes combinations of aspects and

35 embodiments.

Unless otherwise stated, structures depicted herein are also meant to
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Schene 1 The synt hesi s of

(2S, 3R) - N-24( 3- pyridi nypnet hyl ) - 1- azabi cycl o[ 2. 2. 2] oct 3-y1) -3, 5-di f| uor oben
zam de cawmohwelogissi2harly achi eved by the use of other ageora/S2@vo2mesi vate
the carboxylic acid. For exanple, the use of activating agents such as

N, N' - di cycl ohexyl car bodi i m de (DCC), (benzotriazol -

yl oxy)tri s(di met hyl am no) phosphoni um hexaf | uorophosphat e (BOP),

0~ (bonzot 1 ABBeSCRA AR PRI RB AR FERE L MR © (PYED).

hexaf | uor ophosplechedate®ms HBRyEdpMple, compounds having the present structure except

0- (benzot ri azpl gl xaiace'hhe@w Ndm;%sﬁ 5@@8&%{&.%' mnﬁxefthélorophosphate

(HBTU), O- (benzotr| azol uroni um
t et r af | uor obofeptaserparBpiR car, g@atom by C or “C, or the replacement of a nitrogen

(1-ethyl- 35(3a@h®t‘wloafneri@m5@m@n)&faarnmﬁbénrmﬁm( EBG@rPo\rd Within the

1- hydroxybenzol ri azole (HOBt), as wel t hose described in, for exanple,
Ki so and Yaj i $f@Pe pEheinyestiony §“§9‘5‘§9F"°€ﬂ¥!ﬁ9§'ﬁ1’ EOPPUgs argisely 350, CA

30(1995), ar ere\ggérkh Kknsaghob thhlgse skilled in the art. 16 Methods of
Tr eat ment The conpounds of the present invention have the ability to

sel ectively bind tB‘eaPr‘i%Feﬁb'ﬂlﬁnﬁPré'"P'H@e%ﬁ't\ﬁﬁ?}"%? otihe (NRR)-NEBkSequent | v,
t hese Cormounﬁl,&.dﬁwn&ﬁymeeﬁba‘@ao fzezwdte%ms-e.nu&bbédzmﬂaaﬁmudnig various

condi tiong_or disorder p ni ¢ c_conpounds have
been pr op i ed BRI FETER! ﬂvsw?‘fé 2 20P S st B bt EE S HareSat ons
di sorders, i nil'nt/amrmtnawex:su|m"sd>|eateda,tfmre)(amﬂe pydisted assaadliaatuasblwitddh bact eri al

and/ or vi raI *o Lég&d)egs%npm ém’{)l”flgl%oh@? Pngr@mforﬁ'n oi mmune di sorders or

ot her di sor det’S deas heér rein hese conpounds can be
used for nodul ati niypively betagt alysolutety, lmsahfdofetbe plesenigwentonBagent s i n

receptor bi ndb’%ﬂ’g?‘?‘#ﬂ&%? §de:§ta‘6iet§a %%ﬁsé é%led wﬁHﬁ%%t@ﬁﬁ apﬁutl c and ot her

teachings are exa | amns

Perspec. 184) "phamz@cetﬂ@euwaccwtﬂée isdts tefQiItO noneiRiEc gﬁlﬁg:fme\pomeqq Is of - 26 (1995),
Arneric et al s ifodtioPi n. Invest. Drugs 5(1): 79-100 (1996), Bencherif et
al., J. Pharmacol._Exp. Ther 279: 1413 (1996), Lippielb et al., J.
Phannacol . Exp. T@W@ET’@5”'tfbbfheri@gﬁl)t'ca'beﬁ?&?ptﬁ'e gglts incipde inesganiscol . Exp.

Ther 291: 390adid 8&fton s&ltd &ch agichidfide, bdRff. Batited bRepRate, arthitratel 999) ,
Lavand' homre and Ei sg g‘i‘Ch Ane@hem ol ogy91: 1455 81999) Hol | aday et al.
J. Med. Chem °#8(i28§d addts! sghts puco s aoetale driartarpte gpropiorgte stiedinaserg. 77

(1998), PaT Wactaw 6igcdate, riRildte Wartiate Biﬂrdté&nglé’ﬁi@ f\i¥a e, Westﬂf?ﬁbt&! S60Pat2 gnt
Nos. 5,583, 14 1 et a 4 1
Lo St ot aroSenSHERES dphodbas BTy add mhd M shetis BepteiEhces
previously Ii emcemiutaaaaet alkalaNsaiBiatosupbras sodium sa patagsivomsid; alkaling hei r

phar meceut i ¢k, GRS QRKh Bifaghasiial Shd Qi &3 Bl dAl.event i on of a

vari ety of CNS di sorder I nclu % 25neur odegener ative di sor'ders,
neur opsychi at ?’EE"'@!PW%@%UCWH'@F @P'@'“&lsﬁ'brtr viaming,gplta Bidineisgihs. The

conpounds2gndpitdipk alP B%&Whﬂnfﬁé'sal@ QB RN Idiﬂéﬁﬁyléﬂ%}lbn@&al#ﬁ%%aﬁ Qnhreat or
prevent cognitive. unctions and ot herw se;

attentional df&d§M gﬁgs'ﬁﬁ@'"aéﬁ'grﬂ’ y?"?f’c?ﬂ@i”ﬂﬁ%mﬂ%?"dﬂ{@e SHISIPAYRE i ous

agents or rretmlsoheccaehsmydratmrmem,andsl@olpatesu de neuroprotection; to treat

convul S! ons 30and ] Co:t%c\?lieqeiﬁ,%gpfegent%n%rﬂﬂ)ﬁ'insciudgg)sr;ercﬁg%orqggu%dgIw%or der S

conmpul sions and a
are identified herein with particularity. The compounds of this invention may be

30 made by a variety of methods, including welkknown standard synthetic methods.
lllustrative general synthetic methods are set out below and then specific
compounds of the invention are prepared in the working Examples.

In all of the examples described below, protecting groups for sensitive or
reactive groups are employed where necessary in accordance with general

35  principles of synthetic chemistry. Protecting groups are manipulated according to
standard methods of organic synthesis (see, for example, T. W. Green and P. G.
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behavi ors; to provide analgesia; to control inflanmmation, such as nedi at ed
by cytokines and nuclear factor kappa B, to treat inflanmatory di sorders;
to provi dwopaivnsseki ef ; and to treat infections, as antiPcirnfSeamwion1szé agent s
for treating bacterial, fungal, and viral infections. Anong the disorders,
di seases and conditions that 35 the conpounds and pharnmaceuti cal
conpositions of the present invention can be used to treat or prevent are:

age- associ ate i npair ment  (AAM il.d nitive,i Lroent (M),
age-rel at ed c@gﬂf“g%’t‘ifg}g | ﬁoé'prFéﬁ 7'C§¥'étg‘]§sé§1?(r§9'§8%ﬂ%/? \é\),"g\}e)%#{;/@onset
Al zhei ner' s dNewedsH (1339). |Theskegrenps are reheoved bi acanvenibrt sibge fobiheer ' s t ype,

Al zhei nmer' s dj ot i gm@,’ : i NP ewy body
denmentia, Hi \}Zmﬁ? ?@?’%}‘Slgg}ﬁg@nent Fgﬂ%g}r% %dil,gg%dg%ﬁl}?oq&rqg oot }na, SDown
syndrome, heathetertalireselactionefrocessnsasivell ap theyegctign yondiieneand erdgngi | i sti ca,
Creut zf el ds Jagap fARFASHARBE chisishiht WP HEPRDaratibh Sompbifdi@Ata attention
deficit disorder, attention deficit hyperactivity disorder, dyslexia,
schi zophr eni aP"%Q!ﬁf"Z@’H!‘?Peni form di sorder, schizoaffective disorder,
cogni tive dysfuncty{eiprédenbiflEnEenassplodides® BBihol ¥ tikedynthetis of N
schi zophreni a, Parkinsoni sm i ncl ydi nﬁ_glOPar ki nson' s di seaSﬁ
post encephal i ESTPYPAIK KLY AF IRMBARIRS AR PERE cPapndesithe
}‘\I ront ot egpork abreﬁ’é?ﬂEWDi érilt@nEa:rnbiwita@rre'trmda'yaq@meﬁrlﬁéb‘a}atiom ck's disease, y

I emann- Pi ck' s ase unt i ngton's seas t ton's.chorea, tardive
dyski nesi 9;18 hyper ﬁﬁ}?ecgrrgwgfsggﬁbgg[e\pgmggﬁqogiﬁn%{ggﬁ? *°B‘§1"59/f“65\°§§r essi ve
supr anudear pesigsieadilyragsitabiesstartirggmatenals anvreagentsutia thelsel rebatiais, di sease,
mul ti ple 15sc| i rg(gﬁ G Lat I i . neur on
di seases (M\IDEEHaRrr%Int%}ypq%e ycé't8 g%%? P geﬁﬁéﬂ%ﬁ\l%%)kﬁ&@i{roﬁ pc(g:g(%\llooiélgll eégg({e"ner ation,
Gui | | ai n- Bar r i@ tidy adratrere(reB®entionad inctieater detdilnf | anmat ory denyel i nating
pol yneur opat hyg f €d€) . epil epsy, autosomal dom nant nocturnal frontal | obe
epi | epsy, manta, anxiety, depression, prenenstrual dysphoria ganic
di sor der s15bul i ni dOneFfpPeHdl e present iBvanEoR plates,te Bav Hait famRR of S dReepi ness,
g! pol 3r di sor NQ"-@:’E— ﬁﬂﬁ@bﬂé&ﬁ?@a_ﬂf@%y&bﬁﬂ.ZGZ]?@BC!?ES@QilﬂﬁchSéﬁ@Fn@@.”F;J| Sl ve

i sorder, rage ou r , osj.tjon efian isorder, Tourette's
syndrone, autism géggglrﬁi&g'gfm)m @M’?'SFF%?VCP%&@BQ'%M'ETi on, obesity,
cacﬂexi a, | pSOﬂiﬂmbEEnzilaMiﬁblmthaﬁU? Baséhahaiegibsbim{/itrgmntebmsersblours]myi ti Sb ul cers,
asthma, ulcergtive colitis, i a ry .bowe i sease, n' s 25di sease,
spastic dyst Oﬂp\g?veaﬁréerﬁr%ee%a!seg@hg?% g8%,'"°}5%ﬂ?b°l‘ﬁ"fji°§?ar\'ﬁ %%%W@E‘?mni tis,
arthritis2Qi ncértaih aviy aduiionssitsi thatdavdphysicsl properties thab aret duvartageous for
endot oxaem a, ISt - QS| i.di [ r i brosis, acute
pai n, chroni cth%?%,a%r?gﬁ%%ﬁﬂ?éggﬁ&ﬁéoﬁnrpgrs @”’?ﬁ%&ﬁ? %ﬁ&%{é@m@(‘%tsiet es and
neopl asi as. Celuhility, wad stapititytoveand chemical gdedragation. ofigpicaly these sglsfoonsat ed wit h
psychiatric SQ,gié,gg,rnqa%éﬁcgﬁy £eBslhdié 048, such as schi zophrenia and ot her
psychotic disorders, i1ncludin ut not limted to psychotic disorder,
schi zophr eni f or m difédiregent inwerfipn Belkdesothelreacgiiicaliyraceptale saltsfal  di sor der,
brief psyg#ot 25 IR)IP-YBpyridiRAREhyD YRy fo[2lP sRedR)-380d psychotic
di sorders due ,bo a@e eneral _medi cal C,OI’]PI tions, de['rentl as, and ot her
cogni tive di sEPypieRenzamide. Gxargpies Af swiable Rhgmpacgulicginaqegrialig seitsi ve
35i nmpai r ment , inplude wengahie acid additionssaltdsudhais R ride, Broveds uifateni | e denent i a,
denmentia of t j 'S . _age-J.e ry J i nt, Lewy body
denenti a, va@%&%@g’?g%ma?ea?%%ﬁlﬁgag%ﬁéﬁ%n?éaaﬁg8%[%?&%%26@%@#%& ki nsoni sm
i ncl udi ng Par Riopigpate ssudéinate,dactate.@lirgplatey majatep tartrate vitraig ahadeatent | a of

Par ki nson3g DiupRase méRsHkliiorStel FRAIhBRIAbNARE, 2l bidoPdafe; SG1LLifSdcRic cogni tive
i mpai rment caused by traumatic brain i denenti as due to ot her general

) nury, - J
medi cal condi ?’P'BH@?'XSH% %st%?pﬁ’éﬁ%é?%%'l‘té[“afehé'kﬂﬂpﬂﬁ' $ii® s¥rbrasispdied t o pani c
di sorder wi t heurtanagotaagitaliig,alkanid eartlinsstdl dalts siich Bs AaghaRw&ilttandagor aphobi a

w t hout hi story.of nic disorder, specifi hobi a,. soGi al bi a,

obsessi ve-con%%?'@T@ge)'g T p%@?Q'ES%ﬁ'ﬁﬁfﬁfgucgﬁﬁsgg@etgﬁgﬁnagg? acute stress
di sorder, gentiethyiaming saltxiyedife shits picolipe salh dicyeolexghminedalgrand &tY- di sor der due
to a genesal gBlifiRihyEALEHHihOSayt; TRPSIHE W HESE inbggih‘égw‘% Igéﬂe sgnot Timted
to maj or depressive disorder, dysthymc disorder, bipolar depression,

bi pol ar mani a, bipolar | disorder, depression associated with manic,
depressive or nm xed epi sodes, bipolar Il disorder, cyclothymc disorder,
and nood di sorders due to general nedidal conditions, sleep disorders,
including but not limted to dyssomia disorders, primary insomia, primary
hyper somi a, nar col epsy,



15parasomi a di sorders, nightmare disorder, sleep terror disorder and

sl eepwal ki ng di sorder, nental retardation, |earning disorders, notor skills
di sor der swocorwmssi2eéat i on di sorders, pervasive devel opnerCalusdiisoedes s,
attention-deficit and disruptive behavior disorders, attention deficit

di sorder, attention deficit hyperactivity disorder, feeding and eating

di sorders of infancy, childhood, or 20adults, tic disorders, elimnation

di sorders, subsy Erﬁﬁﬁ‘ae "<k AR AL ﬁ%g@@ Fr?sorﬁeb%gé@ﬁﬁgatg%r sBRAteb, Ak 84 tO

subst ance depende substance abuse tance 1 ntoxication, substance

wi t hdrawal , aftbamdsolaiesit ed di sorders. anphet am ne or

anphet am ne- | i ke- r@r'mé‘és%@c@f?r%r FiEdeht |n€éhftlf)ﬁlneﬁdéseﬂcﬁfé%@|tiqh SEsder S,
cannabi s-rel at ed di sorders, cocal ne-rel ated di sorders, haIIu0|nogen rel at ed

di sorders, i nf?23¥RN-24Gmyridindimedndrarapieycial? 2 8lochév)-éi%at ed di sor der s,
opi oi d-r el gt edifigirottndnide m&%ﬁﬂﬁ@h@&ils%@le@(ed nbmrr@mbmdmmd i ke- rel at ed

di sorders, and sedat| natic r anxi ol tlc rel i.sorders,

ber sonal i1y dmeBRaeioTs aud i o phhmior S diviyBeatf e mui si ve
personal ity dhﬂmhdfabldalnthﬂlaﬁ@ud:ldiéumarlttafcml citlic aoiddermalic 43 R-mamdzliper f or mance
may be assesse vallda ogni ti ale 30such. as.. for exanple,
the cogniti vea%?] s@g?cge"%?c'g e A ,9.%%%?%9 g"ﬁ gzsoéc dsgé'gﬁ@ﬁlp Scal e

(ADAS- cog) . (Op@actarizsagide died-toluog-[2fdrtane acid: wealis acid, Digkicoonisa@aidds of the
Bresent AYeh b ALY RSO RS O RS Pt ot o
condi tions antt Pcﬁ%)dfkl@n@haﬁ@amﬂ Q04 p4eldenepulfonictenidr THe pegisent ifventil®Sexanpl e, in
t he Anerican a??é}ﬁl and Statistical Mnual of
Mental Disor dgg&%gﬁm Editio S%%L%S%HER%%E?%WQ Washi ngton, DC, Anerican
Psychi atric Assom'ﬁleiwcmmudm@'tWMHS'“ﬁﬁ}ﬁ RipseHt eertion 63N \alY-t o f or

greater detai ForQéiainB@ mswmanmaﬂnelmalaawﬁ%w@d foqeng§$ -Aagsoci ated W:h
€. nervous system

ST Y wﬁrﬂ%thﬂgg-agaebﬁ@w@@ St P SoRTZ AT i L2 b b ¢ e of

t he innate i nbutther eipssach beysnnmlz:’. |3ngartdme1 raeé sasiele0of nacrophage tunor

is f TNF k
e et o b s SR B TS KR BE . 11
i nfl ammat ory a&d toeof (2S, m}Md(MMdlnﬂBﬂet@yl)(’Q@iab)cyclo[mc&]ambe -3i:f | ammat i on
L0and. turor nghidshehab AL 8 1.8Y HAReS e iR IO LAl ot ARGARyRBRRT tal Ty T

a variety of |seases ese diseases 1N Yied to,

endot oxenk@, adidoi@sSRING-((Brpyridiny)metbyiebaratheycio[2s2. 2lpeekyadbs, ast hnm,

at her osder osi gqudrsiérRahhe 6f Pyl monary fibrosis, and inflammatory bowel

di sease. Inflanmmatory conditions that can be treated or prevented by

admi ni st eri ng 15t H keseip potgddegerding ypon thedpanner brvhighithe spiti degertbedot | i i t ed

to, chronic anéleinGrd @rrhéY, km& b%avewsﬂaa&ﬂuawr&nﬁafoea@de soiveAR'Hat acute
pseudogout, acute Bb‘i‘élf‘art rt hritis, rheumatoid arthritis,

osteoarthriti&®P5S 93?'{;{ E‘&”lt'PBn h‘tshWSr??ES ‘fat“aﬂ’?g‘ﬁlaéﬁ‘@’d’???é‘l??‘l on, asthna,
at her oscl 25 osotber srmhramslmdwymg)htagbnombt%y cfspradtesibtiieus (RS, IR)N-Z-+((3k di opat hi ¢

pul nonary fi bﬁﬁ?jlen | ra P'l gzag)%sygglrg ]gctgglf} %dlﬁ%é)rgt?%‘rgctgl ve 20pul nonary

di sease, adul ESt syndrone in
sickle cell di seasﬁnothanﬁmawmemroyﬂbcnmendn‘@ea@’elnd@esl‘(a8§RHN§ae(é&e

ul cerative Cobﬁrfdln%)mé\ﬁw ?aEJH?&y@IB?'ZtZ]éetG%@§9|H§or§|5ér?]’§§1tri'dg' ra ﬁf? hitis,

gl onerul onephritis upus nephri t hronbosi s t vs. ost
reaction. | anreﬁ?h‘étedP?/eFfesponse Associated with Bacterial and/or Viral

| nf ecti on3o 25Many mweeémabdnmaﬂ/o@fhe\ﬁrésaht uh\nafnﬁe&{ uhawesqnss NQC«:at ed with

side effects bri glz Noly pé the If@ g | d a e body' s nat ural

response to tREIRYIPE Y)a FaRIyEIple-Zglogt-3h Eé : ‘6‘3{? 8MP8BYy' s response to

i nfection of tkeydrachipotie ersa ydrate at savgtetherieghi f i cant amount of TNF and/ or

ot her cytokines. T, an result in
A?%tl%\’@%b@dﬁ%rﬁ%ﬂh%rsbr&fewt g\%? forFBSIR RE2(S:

significant injury such as septic eria is sepsis),
endotoxic s ho%'d'“&f}"ﬁ%télﬂ)s?ﬁzmc'?f@)& Zodkfyhid.5-difluorobenzamide mono-

35 phosphate or a hydrate or solvate thereof.
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syndrone. Cytokine expression is nediated by NNRs, and can be inhibited by
adm ni stering agoni sts or partial agonists of these receptors. Those
conpoundswdesuvisbed herein that are agonists or parti al pagarseen®296 t hese
receptors can 35 therefore be used to mnimze the inflammtory response
associ ated with bacterial infection, as well as viral and fungal

i nfections. Exanples of such bacterial infections include anthrax,

bot ul d S f th ds m I im bi al

properties o Amner88BedbedT T RO Rl B2 R her apy 1 1

conbi nat i on wpyridingtimethyll tratdieayepl2@s2]oad-3rplriediflbacherzamide monpdt and f ungal

i nfections, h@jﬂﬁﬁef%%% opéﬂ%drﬁt% or 8Nty inedd § and antifungals. Antitoxins
se

can al so be u oxl ns produce y the infectious agents and

al | ow t he bound to‘moﬂyr?@bwwnttqﬁtf@meﬂhevebwylndm%d% 3BeNer @i ng an

i nfl ammat ogy st for exanple,
in U S PO% n%ﬁ%?lﬂﬁ&%ﬁ@% é‘;‘rélo% 23&& 3}/9)9 5181&@&2?@%3@%923@%_? ective agai nst

bacterial andh¥itubenzaaie gsa fydatger gquaé%{hiega@f and their 10 therapeutic effect
can be conpl ement Qﬂfuhbiercd%pé’dm!hle%?és@ht'n@lénﬁdntlﬁbllﬁ&é@ pfRBEsRE Agtshelescr i bed

herein. Pain can be adm nis d to treat and/or
prevent pain, p’?ﬂ%’?t&ﬁﬁﬂ"%ﬁ? gﬂ\e,{? SICBW'@”SPH‘?qrﬁ‘E‘fFEtt?ﬁ'?“S AEPERS hi ¢ and
chroni c pai n. majibe &opicicelly geeimtined: Thy s4ls mdy reapRmsidy claatizatvadnber ei n can

be dermns at of persistent inflammatory pain and of
neur opat hlé) pé%arolned"?ﬁ%b %d as described in U S. Published Patent

Application No. 20Dg6g08eRt of thé brpeeminvetticalincludes g methedorethe cal

hyper al gesi a r ' i fd ammat or
oot and. mecreiapaafortd 5 Ay 2 APy skl dp 22l B e O
201 i gati on nodifyorefenparide pua bharmpesutigally acceptabittselt thesdof ewitainiag feest i s

sui tabl e for {bgad;StefdRity |9éséna{m}s'$na§ %?érébl?kf@fhbms%g&en' n particular in

treati ng i nf | anmat ory paln and assocl ate Pera esl a, neuropat hi c pal n

and associt eROKRRIRIRERDY eSS $handh.cnA doskprafe(ablydess than, % of @RI, c pai n,
post - oper at i V@sBE)Nof@e, IFM MZ@WU@M{%&WDH%%@M@&[? 20RReBY})8%s i ncl udi ng

25cancer, anglgl renal E} bi | menstruation, m graine and gout).
I nfl anmat ory PaidioheRgATde BY Weikiait %“'@f@f‘l@?i”%m N RRMRIEALIY: arthritis and
rheumat oi d di seaseThetmstisodSignirepdring tiashitarme ehh Varg. TNewrepardtibh C pai n

i ncl udes triggapal her. ic.neyral ur opat hy pain,

causal gi a, | o@v@b@ﬁ%@m%ﬁ’&}b@&ﬁ’fyﬁﬁ %’%ﬁé Z@ dir@)rrgg such as brachi al

pl exus av20 si difuor@@eNezavids sail fanmsztapwaﬂwn‘i?bleesa? NNR i s associated wt h
neovascul ari zat i on f for exanmpl e,

adm ni stering anta pd% f?@l}ﬂb?ﬂegga% Opggam%ﬁéosaéég%hgé;?ftsugﬁblyabd’é%l sts) of t he
a7 NNR can t r @&t3RyN-pf(@weridinydmethyd1cazsbicyieloiz2 Rlect: WH3 6y undesi rabl e

neovawul arlzaammo&hzmgém%egaﬁéméso@mmtﬁ%ﬁ%@héba&@m e bAEbtls, t hose
characterized by inflammtory angi ogenesi s and/ or |sc ema-in ced

angi ogenesi s. sqwé'ava&%m%meza&twha suitebleisalvent. typicaly O e eagivlaptaotan al so be
i nhi bi t ed2dy tadatigi stering those conpounds described herein that function
S R AT A R S 2SS o
i schem a, andorneopl asi a. CGui dance regarding 5 appropriate ani mal nodel
systens for evalu e fl hereip can be found, for
exanple, in Heescﬂ@ri n’gaS?‘HE‘%%&f%\ﬁ/"%ﬁﬁaﬁgf%d’eﬁc'%tag%{l hway medi at ed by
non- neuronal @i cotinic acetylcholine receptors,” J. din. Invest.

110(4) : 5235 36 (20QR)e), &gwr%@nﬁ@ﬁw&w@me ahu.nsancm&&s&@éat% treated using

t he conpounds 10describ herein ind ovaril an cancer, pancreatic
cancer, bre asfepeating either steps (i) (a) or step (n) (b)
and

(i) filtering and collecting the salt.
The stoichiometry, solvent mix, solute concentration, and temperature
35 employed can vary. Representative solvents that can be used to prepare or
recrystallize the salt forms include, without limitation, ethanol, methanol, propanol,
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carci noma, colon carcinoma, rectum carcinonma, |ung carcinom, oropharynx
carci noma, hypopharynx carci noma, esophagus carci noma, stomach carci nons,
pancr eas waneoioss®4 | i ver carcinoma, gall bl adder carci neca/Uuskiloa2doet
carcinoma, small intestine carcinoma, urinary tract carcinonma, kidney
carci noma, bladder 15carcinoma, urotheliumcarcinom, fenmale genital tract
carcinoma, cervix carcinom, uterus carcinoma, ovarian carcinong,

chori ocarci noma s ional t bI ag ti Ehlse tract

car ci noma, pr 58'&”8&@ é’g}?% '?ﬂ?ﬁ%oy{%cg%engf;e @ °g%§e’ i nogravgaq&eén%’qhy

car ci nonm, geethyld<etohe1metbylfﬁobetmld«etnnertertguuhdetbyshemendetl—:ahydrhwram d carci nom,
adrenal carci QBHBron'B{htaHétrfaﬁécbt&le a%a{oﬁftrﬂgmi skin 20 carci noms,

hemangi onas, anonas one and soft tissue sarconmm, Kaposi's
sarcomm, tunors ofSevetsl bithese saltsdemenstaterstebilivsutisient to gatgblishdein he eyes,
tunors of §he,RRiNgeR pr@oﬁfcﬁ&paftpﬂmceaum%%rauehg ol cAStBMan be

reti nobl ast omas neur omas, neur obl ast omas hwannonmas, mneni ngi.omas, solid

tumors arisi ngemenstrated ind VISl WaYSErPBeNsit ogain and slease atmpsAbRTIGS

chl oromas, pl aR¥ARY taHRSasdBssal By Bitinid apdesorgtidvd (buspr s of nycosi s fungoi des

and cut aneous T-cel /l.eukem a), and solid tunors arising from
| ynphomas. e“e"?héy'gﬁ%oﬁg'gé’d%an al so be adninistered in conjunction with

ot her forns of antA smmeserof(zsaaa)nmm(qs pyﬁdlh}dﬁmdugll)enaz&dnwm[smzq;dct-an with

ant i neopl gstic ent.s Sy S C atin cin, daunonycin,
and the | iBe lgﬁ%ﬂgﬁuo Hhenat éz%vgs%wa@ea%h@%ﬂ |¥' g’ﬁl h factor)
agents, as su@hamemWMnmmnmm@ﬂmwOMmamam(HBTUWmemamdpammdgoﬁﬁﬁ38&&

i Ster ed Blrsutls B R b GO B b ARASH Bk O L Bisclibllh o1 te. For
exanpl e, the compou d n m crospheres, mcroparticles
or |iposones EGHi]L@@ﬁt?éa?l bemmrmmr%tﬁd bb@mrwetvnhtregard ®auch he micr opartides
to the tumr. o/} aAdbYinubRBerBRREM fusRedR sthghesent Tn M crospher es,
nlcropartlcles or 11 posones that are appropriately sized to pass t hr ough
the arteries and veins, but |odge in capillary beds surroundfng tunors and
adm ni ster the conpounds locally to the tunor. Such drug del jlyery devi ces
are known int aglH, Gt her Disorders In addition to treati S

di sorders, in tion, and undesjrabl e 5neovascu arigat|-- anpd pain, the
conpounds of yesent jnventieffigan HeTaFsh u 0 phevent of treat

certain other cdndi” i ons, diseasg and di sor der whi gh NNRs play a
rol e. Exanpl es include aut onaatf ¥ der s such aSI Llf us, disorders

associated with cytokjne rel ease, cachexia secondary t i nf ect i on (e.g., as
ia), @@beyity, penphitis,
10urinary incontinerlice, retinal diseases, infenctiou I geases, nyast heni a,
Eat on- Lafdert syndrome, hypertension, osteoporosis, oconstriction,
vasodi | atation, cardiac arrhythm as, type | diabetes, bulima, anorexia as
wel | as those indications set forth Schgmdii shed PCT application WO

98/ 25619. Th f. b d ' dtot t
conval st ons suoh aOHELESs RS AFNERLG M MrR LY B 2R RREb B A8 o et
condi ti ons sudyl)8s>- @mwdnzamaeldar&@mta‘rleIadhlevbdlbtyhhejmse;ﬁsther &jeasnosti ¢ Uses
The corrpoapds vé?ﬁmléscsfbokﬂ.cgb@gﬂeﬁ&a nI'ﬂBgéé bi &nﬁt.ngggémgagn%gbes

particul ar vmégcﬂ are no ropr el’'s. The
probes can 205@1&’%@10“%?3@%'%940% (H@T@F‘ﬁi%é the reI ative number and/ or

function of sﬂ@@)ths(a.rﬁe@w%@d)ahosaaémurﬁh@@ﬂu&oaﬂagpr%?e (BEESAbenzofiaRIy Pe.  For
this purpose ﬁé@?ng L“a of ngr es i ERe!ﬁtl on_nost_ preferably are
| abel ed with AVICXAIRYER W@P*?Q?B he¥g léPESP &YB9D. OrsF, 76Br", 1231 or
1251. The adnibenzdtéazeld- szlpmpoundsblsctatnamahﬂmmbmdmmsxaﬂgodoamyphﬁet ectl on
25  (HBPyU), O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HBTU), O-(benzoftriazol-1-yl)-N,N,N',N'-tetramethyluronium
tetrafiuoroborate (TBTU), and (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide)
(EDCI) with 1-hydroxybenzotriazole (HOBt), as well as those described in, for
example, Kiso and Yajima, Peptides, pp 39-91, Academic Press, San Diego, CA
30 (1995), are well known to those skilled in the art.
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25met hods appropriate for the | abel used. Exanples of detection nethods

i ncl ude position em ssion topography (PET) and singl e-photon em ssion
conput ed wormogvaeptry ( SPECT). The radi ol abel s descri bed azbows2@aoe2193€f ul in
PET (e.g., 11C, 18F or 76Br) and SPECT (e.g., 12 31) inmaging, wth

hal f-1ives of about 20.4 , mnutes for 11Cabout 109 m nutes for 18F, about
13 hours for 1231, and about 16 30hours for 76Br. A high specific activity
is desired t Op I sel ected receptor subtypes at non-saturating
concentrati onsah?)#gog?i’?ﬁa%g? ered doses typically are bel ow the toxic range
and provide hi gh cBwetcosppundsefthe presest inemioubake te abildyioseleedelydinde capabl e

of ~adm ni strafi o rﬁdaulamh& ge&ivﬁye bf%wams [ednsedlienty); {h‘éQT &{)m;ﬁﬁ@@s Lshgearried out

in a manner known to one s In the art of radio 51 magi ng. See,
for exanple, uﬁengFbeQ pigventign ostrepuent afivarigus eptditianeeradisorders for whighe conpounds

can be adngni shert sl&hiagnﬁfdwmboumeu riffRed BPJre@K@VWPioQ)e uskfdr  Pat ent
No. 5, 969, 144 to London et al npounds can be adm nistered in

formul ati on c@hPe@PetisRsSUEhas CNﬁ@&PES’SFSat”@a’BWﬁ@“ INfiRPBaloBfEsPoNS®ich as t hose
types of 'ngr%ébaéfeagﬁﬂ%bctférraﬁah@@rfwhl ihfBctioR) paiH, &tdtdb@h@syﬁumpstlﬁ 5
conposi tion nds, usef u ccar dance Wi I arryi ng out e present

i nvention nosfY %U@F&EP&P%W@%&BVE% ﬁsc{r'B?qTE’%& éﬁ" QPN y es'§ee U.S.
Patent No. 5, &Eﬁ;oﬁﬁﬁsmHélumﬂcdnnmumbtingmaaeqsculb&zanmmmmctsambetlcadm ni st ered
to a subject I T c ound within
the subj el caferiiun repaiBRREREEL tn vy SR TREL S helepBee T cs "
order to indi cthedteadiningp aesdascrnedgioneantple, indNdiamsret ali, dhag Neys of sel ect ed NNR

SUDLYDES- o Padbod I BRI Aund B SOERAIG REQA(A! £96 RGBT 11 Stered Lo
m c rat's nonkey an B

ani mal s, such as i magi ng can
be carried oufmese etal.abyp. &ppr tmesta@reg$ é(dhﬂBdO@(‘E&Sd) Bppenedteial., See

Vil t | Recepb
Phar mcol agy aram R LT STl 1o bl 308 priadi B Ve R o ont
No. 5, 853159621% 1£221P9%), Barnai et al., J. Phaminacal. ol ey @OBAOAN 99 Gitsi bi nd wi t h
high affinityedp ﬁﬁés?fégioﬁa%%g“l\'mﬁk‘g{g\é?ﬁﬁa\iaﬂdﬂomméle %%g?rﬂcﬁf erably exhi bit

negl i gi bl e non-speci nrcotirnic c i nergic receptor
subt ypes (e. gAnestiesRioguAd: ‘t4|56$‘5999)3ble|clnd@v etalbt ek ChemAK2R)i 4168P4wi t h nuscl e

and gangl i a). g@§7sﬁ§ﬂﬂm P&l %@9&%7??@9&%?3@0@Eloé‘%ﬁi‘béﬁv@é noni nvasi ve

i magi ng of nicoti'hic Chol T HETgl ¢ Tece n the body of a
subj ect, par t P&/&14001 HCIMNMPEA0GE2, anddi).B. PaentdNosghb83, $40:49 Bentheritat aw th a

vari ety obg CNSsgf SRR OI%E‘Q @'G%Q&ﬁﬁgxssmi{r{bg%ﬂ%n@%%bm fteshr@gnpstic

conposi tions can '‘be used 1 n’a net dlagnose di sease 1 n a subject,
such as a hungif gherirefgtencamrrevipysydigtedhetinves adni nistering to that patient
a detectably tRbeigfageopound as descri bed herein, and detecting the

bi ndi ng of that capgpound to selected NNR subt%f)nER é@\s a7 receptor
subt ypes). Those sKI&PB®ot{s@Rd theirphgmageyticg| g% eyl the ych as PET

and SPECT, cameajmenttdn@reva:dloaloabeémy afcmnwmlaerdemmdged her einto
30di agnosg%a w de va ers gll ng conditions

and di sor rsn%{g%%eg 'éetratﬁvﬂo ?h"%&w?ﬂﬁ%ﬁyﬁ%ﬁ‘"%'s? a%rst'éeh‘[qj%ﬁ'c P9t onomi ¢
nervous syst eaml ac{ﬂwtlbnsd|T$\erodmpsundﬁcahdltﬂ\enrahawnaeeutlaal|cemposnﬁon€h§h b seases and

di sorders, Géefiﬂqb BEathr é@%r&%[)g VBl RRER %nd E@s%ﬂgﬁ&%n g|a?eglaazl% and

schi zophrem a hese an representati | seases an I'sorders that
can be eval uatieevisegettpatiow diserdensigad damentiaatinglusingthese dyedn infegtieust No.

5,952,339 to E&h@‘&rnhéta&ﬂléihlsturbanoes to'ﬁo@dﬂé&ﬂfpr@é&i@ﬁttm tréft@ofi RISt i C
conposi ti nmoni tor selective nicotinic

recept or g@bt V&B@U'B?'e aerggraﬂg c,ts é%té??t H?°3dﬁ8rﬁ’ﬁ?§ eRApRUSIRNS aff addietive o d

i nvol ves admi beteviers togprovidtedrestdesib] ty chrtint Ingsmeetarosuvh sdsnatesear hyoed herein to
t hat pat I ent @9(?( f%%taﬁgbh&&rtf&?orl?(k&g QQO Ré tlm}nm%?owglgo g?l’sqg%?OeVld%Ct ed

nicotinic rec or su pes nane recep
paln relief, and to treat infections, as anti- mfectlous agents for treatlng bacterial,

fungal, and viral infections. Among the disorders, diseases and conditions that
35 the compounds and pharmaceutical compositions of the present invention can be
used to treat or prevent are: age-associated memory impairment (AAMI), mild
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Recept or Bi ndi ng The conpounds of this invention can be used as
reference ligands in binding assays for conpounds which bind to NNR

subt ypes,wpantoossizar|y the a7 receptor subtype. For thi Cparspass2iobe
conpounds of this invention are preferably 10l abeled with a radi oactive

i sotopic noiety such as 3H, or 14C. Exanples of such binding assays are
described in detail bel ow Phar maceut i cal Conposi ti ons Al though it is
possi ble to adm ni ster ound t he..pres ntion.n the form of
a bul k acti veSQaRENg E’éqa'rmlef‘t (W?%?@H?eedacotga't"éa‘?eﬁﬁ B&SS 2 Bound i n 15t he
formof a phadém@ﬂlaleaﬂalonmmzthem‘ermdlse)asefmnﬂmdemartba defentia ofdhe aspect the
present '”Ve”hszé]rese:kyé’%th PdRfsEate] EdnitbO i3 AR bhHBRRARY (NP the

conmpound of t invent1on a e or har maceut
acceptabl e cal:ewsebcsly delinpntian HE/- dwef@ﬁc‘i\lﬁﬁéﬁmn“a&%w&rVaéﬁlﬂiéfcqe"@ﬂt'q he

i nvention pr Oﬁbﬂﬁgyr@rc}?ﬁéyﬁgﬁtréﬂa Erglﬁnﬂfc%?a"rﬁ ﬁ‘ﬁdr@ﬁ BPf démdHtaplgiGsted i cal

conposi tion inc 3 adm Xi n onpound t he present jnvention
wi th one or nBrevtzitd ?ﬁ&é&ﬁqaé%lﬁm%lpr@ééﬁﬁ?%?éi %m&sgr'?qhem@ afigntigr Aefisit or

exci pi ents. dlsorder-r%dﬁ&ﬁlﬂﬁfcﬂhi?péﬁéﬁhﬂﬂ' diJ&ﬁde@@Vﬁ@idé‘%cﬁiEoﬁHF@n@r esent invention
is adm ni stered_can var presen ntion is

i nv
pref erabl y adﬁ‘i'\'ﬁogf"éf‘@d’%(ﬂ‘sgfqe\} sc'ggﬁ%g?tl’@&'sﬁrﬁﬁf ﬁﬁ%tﬂ’ﬁdﬁwnc&?rﬂom tions for
oral 25adm ni sénhizbhreRial dbghiivkeddfiaky 8 ehizophieaial Rarkinsanneinsiudisy r ups,

| ut i h t
s i S
tinme-rel ease GabinhgfrordstempaplsienenfimParkinsdn’sofype (ATH2P) pPiak sreiseasei cal

compost 10nS. RiafaRh Sy adh M ALEASE: Yladen s 1022 ke

i ntravenously, cut aneousl raperitoneal ly,
intraarterial Uyakmesua rrypenkivasia ;progiMIveﬁuprawabpd%entqgrewlh/arI y. Intravenous

] et onar o i1oeR i EEG FEE Sghrdoni CREH A d Eihe "ﬁ?’pfeeéﬁ‘/o o
dextrose 4Bl ustleigs, asuoirerhic lateenl prieopin iiS) Lugteraespnatisenses (VBB

fornul ations pRy %ls%lem%traglw R t)Qfoﬁ@obb%bl%}g@r‘ié?@tfonn@@if‘a?n-Bfal‘?é exarfpl e,
rectal adm ni st ratl on. Formuil ati ons usef ul rectal adm njistration, such

as supposi t or S¥drore (GRR) andGiveic iptrrimaiey dsmyelicating Ralynewarathy . The

conmpounds Can(@bsp ebfepag Buttis6in 8 Rehirdit mdm@rhaatrbmams@épn@@nmb:ﬂa in the form
of an aerosol; %gl cal l%ﬂnSUCh a ot ion ﬁl transdermal .y, such as,

usi ng a t ransA&fehk depEs (pf%?e"éﬁﬁqlrﬂ}’? OFR, PEUF AISCARE LI aNQTRET: | s
comer ci akby axmolepdyl excessive daine sibémsines thipiaralisSedeps) gereraliagd amyetpowder

Phar macet | caPSHERbSEREPUR TR sornpdk SABTRE pePpSBBL I or i
nul tiple or sdisondet, Tdastss Wmlrmramsm deugiand agbhal addigtivar tehawat i cal
conposi ti ons QSagg,hb@b%s.ﬂﬁe&ahex.%%g&s%emwérsemEmgn tisOhptitlou@ O adual,

conti nuous, constant ¢ontro Rar maceut] ¢ mposi ti ons
may be adni ni StometiEs, tigers, agima. rlcotwtieaicallis, rfﬂammﬁtsw %ﬁls%aseacrﬁﬁﬁﬁal such as

a nouse, bat, gddse SR aystdﬁi%gdlaﬁhéb criRYibatieh, &Q%&YVIr@Pﬁe@%‘ﬁﬂQt ageously is

admmsteredtoahuman bei ng addition, the tinme of day and the nunber
of times per 65*3’['“?iﬁ'ﬁ?'”‘i"?ﬂerhﬁH@?tﬁ’é@é‘DE"ﬁs@éﬁd 06@%@3'?% %rﬂpoit%‘aﬁ@‘éd?ﬁpﬁ'ﬁster ed can

vary. Tbmeﬁﬁﬂﬁmﬁlédd@bathh(@um‘bﬂéﬁIﬂbrobls\/a%mel;ﬁih Bynib@aised in the
treatnment of a vari ﬁ%( di sor.ders gngt on%: ti on and, as such, may be
le TH

s
used i n conbi ASYPRH™ Hn%{y{pgpnt@{ag} e rl?opgg?% therapeutl Cc agents
useful in the treaCogniiveimpainmeptsydrdysfencibnst maystee alisscateldwih psychistridi t i ons.

Thus, oneg Snbﬂgbﬁ?&toh%nélttb‘?\s?sggﬁ 55 &Rtzo bR LAP BB HIGE dikiifeRdM Ni strati on

of t he compoun
including but not limited to psychotic disorder, schizophreniform disorder,

schizoaffective disorder, delusional disorder, brief psychotic disorder, shared

psychotic disorder, and psychotic disorders due to a general medical conditions,

dementias and other cognitive disorders, including but not limited to mild cognitive
35 impairment, pre-senile dementia, Alzheimer’s disease, senile dementia, dementia

of the Alzheimer’s type, age-related memory impairment, Lewy body dementia,
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invention in conbination with other therapeutic conmpounds. For exanple, the
conpound of the present invention can be used in conbination with other NNR
| i gands (wochiozssiear eni cl i ne), antioxidants (such as freeTnsdiiomak1926
scavengi ng agents), antibacterial agents (such as penicillin antibiotics),
antiviral agents (such 25as nucl eosi de anal ogs, |ike zidovudi ne and

acycl ovir), anticoagulants (such as marfarin) anti-inflanmmtory agents

h NSAI Ds I i . d
urgory) . acelSrURGIRRtY a8 EomaRRe R Guelh TR bR, 4= 1sed 1T
gal ant ami ne), Patkmsqnﬁg/d:baasemyg(\mmmpausnmaoqbé@m@ma of Barsinags Snlélseaﬂsanzapi ne,
and queti api n&gg it wmmmpo%ﬁ@ RS REdiniRe Rl fiERQGLE

30net hot r exat e neuroprotective agents, stero such as ster0| d
hor mones) , cotr@lir@ai@tbéaﬂblnﬂgy @lgmewaaguamfﬂ@tgm@alrmedwat enddignse andgty

hydr ocor t i 50ngkoradis!iadiidiSy bitnBEiied to puHid APl WA R agdtBphobiEpamssant s (such
as |mpramne fluoxet ne, paroxetine, esmtal&eg ((;rtrallne
5PaNiG

venl af axi ne, gt'ﬁ%fdﬁt)'l"t%@épﬁﬁ’@?b'a A9%%aphqhia wihopthist isgrderasnestic

buspi rone), aphduidBydidI pRGKIS, obSeLeite-36mpligedstr@drNpaptlagadliepeads n) ,
vasodi | ators (such as ;r azosin t abi | A1 (such as

val proate and igorasf AeulS Biresy d'sawgf 98%%8'&?3a?tﬁdﬁ“'fga?ha@&eaﬂ?bz
proliferati vesu)xuetaasmrbgrpmett@agemmlaqmmasco(nsmdn nmdaiiserdelrsaincludlhgbutm ne,

am ot o 0% v S84 b mABruBIAEREE AR, ol dEuerhiRtr ABIEEEHS

diuretics suc | cyc m ne)
ant i - dyski net bloolagmamns birotat | anorueuuwessmﬂsmateﬂwﬂwem dgpregsiven®¥pr azol e).

Such a corbi nﬁ'ﬁieﬁré{)@{)dépiﬁtgélgﬁﬁﬁﬁﬁrhﬁawcbétt@ﬁﬁd D@ M d BRI RRIeRLTNI St er ed

t oget her or separate e mnistered separately, adm nistration
may occur Si ntﬂqeaﬁ@bmgdlyal@@n@@qaélﬁeipa#sogﬂerﬁ» incliAipg Sutet limiteddo anpunt s of t he

conpounds or agRbihfiaddrdele pfiBhlinss@nial ﬁﬂn’f@?hﬁﬁer@ﬁfﬁlanhékéléﬁdyon wll be

selected in order to achieve the desired t eraPeutl R({
adni ni st raPi oﬁar??P’@B?rB'FWQ?’So’HQ'ﬁ'P"aEf %?ﬁ%tﬁlﬁfpé‘?’ rﬁ@%dﬁbarl‘ffg?eé’&’@ "9 nvent i on
wi th ot her tr gigérdenmep@eftadatBy, |@anuh@drsaabnsnabtb0§kultsxdnsaeu@rml stration

concomtantly a uni tar 03| udi ng both
conpounds; orcgrﬁwu'ﬁg%'gpg{sgrdsﬁa %Sé’ﬁfrrﬂ%téj %ﬁ%g E?ni e@ﬁ d%}ﬁ &1 udi ng one
of the corrp_ouanﬁdnsrAbtﬁ\erbeaavmd:sprdetshettemmbdef&ttdmnrdaaynttdm}loadeiatl st ered
SRl Y e e TR MG B b RRRE RISy °
may be cl 88e adultsi tmsilwdererﬂ)mmanqn disonders, Anlstanse- r@!stpédtsomlfewt ineluging@sent

i nvention i ncbﬁt%ﬂrﬁl%tti) Q@ﬁs‘téﬁ@eh@;ﬂé’n ceC ah&-:' & dib@hsdeering to the

subj ect a therapeuti cal l"'acti ca fective anount of the
conpound of tH@Xtﬂa&rbﬁ‘ﬂbsﬁﬁ‘@émth@ﬁw%lrﬁic%‘ﬁb'ebfedrﬂﬁoéje& REYhetamingcapy i ncl udi ng

chenot her apy, ahﬁﬁ'ét%ln@ﬂké—t&?ét@@d’sorﬂ&@Q:aﬁ@lﬁé—?étbfed Q§orUéF§LH&ﬂﬁ£lﬁ§-|%lé‘t’ed Exanpl es
The fol |l ow ng gn% es areggwdedto illustr resggl i nvention,
0 g £

and shoul d noi?’|s rRopinGERatge dispigpts; %‘U?ﬁ%ﬂ@d&ateﬂﬁ'set%e'" Mol es, all
parts and285pediateddisgresrsaiientihg-relsted tisorders) apiad-aidied disadergot ed. Nucl ear

Magnet i c Reson Iect ed on
either a Vari 8 HC"%N%W%E@'&R%&%'% d(')srordal\gR ig&’%&i\ﬁ%\%@al s rurrent

equi pped wit haamolﬁmtrda@drdpbaterandsmahwmwrd@cs lwluamu)hmmllmmgl e. Autonat ed
experiments W%%@esét H?rﬁ‘sﬁelﬁ J%%nkl%%%&%&l% o u 'o‘?soilc)eré unning with

TOpSpI nv 1. pat c usin st andar | oaded
experirrents. For ﬁ%ﬁ“t%@?ﬁ?@aﬁ?ﬁé’@ﬂ bR esspseedyath 2 W%G‘F'Y%@al‘ehr ough t he

use of Topepi Budhl 4NRr eXdehdlé, Ak ddQhifive subscale of the Alzheimer's Disease
Assessment Scale (ADAS-cog). One measure of the effectiveness of the
compounds of the present invention in improving cognition may include
measuring a patient’'s degree of change according to such a scale.
The above conditions and disorders are discussed in further detail, for
35 example, in the American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text Revision, Washington, DC,
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A Fi sher-Johns hot stage nelting point apparatus was used, at a setting
35corresponding to a heating rate of about 5 C per mn. Differential

Scanni ng Wal2oraasetzav ( DSC) Dsc data were col | ectret/useota/odeé | er DSC
823e equi pped with a 50 position auto-sanpler. The instrunent was
calibrated for energy and tenperature using certified indium Typically
0.5-1.5 ng of each sanple, in a pi n hol ed al um num pan was heated at 10
c.mn-1 from : mai nt ai ned
over the sarrp%%‘.er% qatsg&qat%'o‘%gﬁk o andpﬁgs?@ag%gpgg I'S \/\g]rrée}er}ledw?gorrrred usi ng
the stare v 9greatesdétaiven be sroktage an«dims%ma@resasswai@dwmt(omm@ Met hod
1 X-Ray Powde rns were collected on a Sienens D5000

10di ffractone%seerDb%LgsFﬁg‘dd‘?BKa I‘%I ation (40kV, 40my), 0-0 gonioneter,

di ver gence of Inflemmatioh r ecei ving slits, a graphite secondary nmonochr ormat or

andt af SCldn$CIO| | aél %eﬁ@ﬂ@h@é ystehh @ ritAgfy kit Lthé %@Qhéﬁé@ggﬁvrﬁg?ke?;s' ng a
e SO u

gglrl Iec!t |eon vv;%uegﬂjggf ﬁ%g‘gﬂﬁlﬁ‘g &E‘Beﬁ?ﬁmrﬁé'éme (PSPanse é{r'ﬂﬁ‘ hefeleaie?le anal ysed

and present edmuabﬂmgaltlﬁrﬁcﬁrafécrbsueifaworIEM_@F)V This pBydivlggicil m‘écﬁa’ius% 9. 2.

sowheras. r ecKIEyELES SRR RIR N gAptg pa WY SsehloEeT G A packod

into a cavi ty“muﬁnﬂamhmtqmpfeﬂeheNatumzomﬁBIGg(tzoomﬂ E)&é&)veSnﬂammlo?vaf e][ 'rI;he

sa Iewa rotaedlni uring .an etails of the

Gt col't Lt | B et Restosi PP eotss MheB g sveq BRTRGRE' (°02 050" or

0.1 020 Col | exietyorfi diseases. Fheseslisenseshdiutedb® apée M jimReddeendotdxémiact | on

atterns were ted . 4 , er using Cu

Ea radi ati on T%ghé@& ai@”%f,&egﬁﬁﬁﬁ%f) g%éfé% sﬁ?né:\ga ﬁsgg{o%ﬁ@%g mEcr oscope

for aut o- sanppémpealy fibrosis.regd dnflemmakinceewel diseasenensi onal area det ector.

X-ray optics Cons'lﬁiﬁa?nrﬁéto@c%h&}ﬁcln‘étlgpeé‘rl b didd &Bb?éveme%?ﬁdﬁﬂ%gnﬁ wth a

pi nhol e colimtor o beam di ver gence, ive size

of the X-fay Hegampeundsdegmbedhgieia incuds. bubaiedet 'mteéit? chraminand agute

conti nuous scaﬂarﬁfa%nwp&naﬁ@léawdxéma@oat §@Jf@b§éudo t%&t@ro stance of 20
cm whi ch gives an effective 20 range of 3. %((gbca ly the sanple

woul d be expo%rgﬁ't'?(? Hits. shepmptoy W‘%PS@W%‘%@M"‘“ PRSI L PATGBIF e used for

data col |l ecti mamspaat ré}ealaﬁ étﬂlﬁmwhéosbleﬂ&lsamdnédwedﬁétﬁgw@@d@é%efﬁed and
present ed u5| us EVA v Sanpl es

run under pﬂ%ﬂ“@bh %%%ulmr}aéy W%%%PE’&'%@"F?@? %roﬂc obshudtivérens usi ng
powder asZ(D ecpulmenbryWiséasat adyttirespiratgry digiesosyindwive, scute awersgsytnﬂrotﬂeen sanpl e was

lightly press a rrples run
under non- anb:ééeh%)ge"ad s%ggé?ﬁéh\b\%?oé %ﬁég@@%&eﬁc%hgg Fégé @%rg@%
colitis, acute cholangitis, aphteous stomatitis, pouchitis, glomerulonephritis, Iupus
nephritis, thrombosis, and graft vs. host reaction.

Inflammatory Response Associated with Bacterial and/or Viral Infection

25 Many bacterial and/or viral infections 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. 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

30 (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

35 therefore be used to minimize the inflammatory response associated with

bacterial infection, as well as viral and fungal infections. Examples of such
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5 heat conducti ng conpound. The sanple was then heated to the appropriate
tenperature at ca. 10 Cmril and subsequently held isothernally for ca 1
m nut e beWorelodmsa4col | ection was initiated. Single Cry®CalusxiRayioe
Diffraction (SCXD) Data were collected on a Bruker AXS 1K SMART CCD
diffractometer 10 equi pped with an Oxford Cryosystens Cryostream cooling
device. Structures were solved using either the SHELXS or SHELXD prograns
and refined r S SHELXTL
suite. Unl es\gb% e pﬁvfle?'é%ﬁgcu%agﬂ{]?ag %3%"%% %naﬁ%ep% g?hgg’? hggé():(ar bon were

pl aced geonet ednoiuhgs maylalad hmtm@rqba‘l pnoperties.h a riding isotropic

di spl acenent para om wer e

| ocated in a di ffre?%%%gorﬁ%ﬁ{n?g;ahs%&ﬁ%ﬁkg%ghggn&%etréﬁy% E&ﬁdﬁéag% efine freely
wi th an i sot r Wi exiding m%ﬁﬁéﬂmapag%bﬁé?teé'ﬂ vigak anghiugal infenfipfs sughaasof

(2S, 3R) - N-2( (%tﬁ)&lbﬁbﬁﬁ(ﬁ&l@ﬁh@!hﬂfuﬁbals Antntoxuns can also be used to bind to toxins

azabi cycl o[ 2. 2 ']2% 3- 1% -di fl uoro enzam de To a suspensi on of

(2S, 3R) - 3- ani Y éé’yﬁ’ﬂg‘ F‘I%I‘P)aﬁ%fltﬂwéa lpw thgyboynd fxing e BRss toughdfe ane (20
ng, O. 092t mgobodymn];a@@trg@deraﬁnghmﬁﬂanhﬁaonymdﬁ@%\/@&%@ﬂ&%ﬂﬁtox;h@é@ n

i ncor porate y reference r 0 is),

o( bengot ri azoggcioi?f)éf\ﬁ’ﬁnﬁml'”p‘éﬁ 'g%ﬁ%llu\iﬂ E?gﬁl W%’Qﬁ%@% HMSsphat e (HBTU,

41.7 ny, 0.11 emm)éfﬂecmechgam& bdicferinicing bthez tokins edhdbd dffectverand theirl 10 mMmol ) in

N, Nd t hyl f d et hyl 28 0. 28 I
At 257 oot coRBPRP OIS redteen Pe gt pRTEEE P S ES o MU i St r com
t enper at ure, dedcabbesichengin.n et hyl acetate (200 nl) and vvashed W th 20%

aqueous pot asgiHm carbonate. The residue was purified by silica gel

chr omat ogr aphy—wth t he el uent nethanol:triethyl am ne 300: 1. The sol vent
was renoved to gi vie compoundscan be administered to treaf and/or prevent pain,

(2S, 3R) - N- 24( I I i 3,5- 30
di fl uorobenzaﬁldggI ?QMM n)a%k@é, '}'?)%"P'ﬁftagb%@%& %‘(51(2)&%%14 i h,e 98. 2% (254

nm ;11 1\WR @rzgmsmafﬂwtwtqosvpoan dﬁ@cr(h@d herein @n@eldfmomatecbnwdead ji = 1.7

Hz, j = 4.9 I'Bf,peild‘ﬁtent7nﬂ5I§ImEto¢'§/)pé§|l'irlamdlc')'i)neul%ﬁzaifht‘.i)aﬁ%Ope(rfESI'méld'ﬁs de7scﬁ5_é'd7 14 (m
2H), 6.87-6.96 (m

3.02-3.13 (m ™M P@%dfa&?t%m"@m N°22‘?I§°§5§9§4(‘\|I1(A'm)efe’13’©ge@ 05 (m 1H),
1.58-1. 84 (m mathanicdl HyBerhigeSia (the 35hpidte Frstind¥Bdjabdht it Mddel of Exanpl e 2.

AN B THETE R ST ——

sol ution 29 3ligatich mbdedobhemapathic pain)d (9.36 g, 59.2 mol ), chl orof orm (200
) g e e oS Y 510 (20,
formati on of eliojggytie patisyeris freatingMilemmatnnepain and agseciated hyrtralgesic) C and a
(25, 3R) -3+ am TTOPghLspain and asepsiated yperalosia, sroni pai (.. seyprechvonie. 1) 4
53.8 mmol es) P#HN.ERPIHIASFASPRIBANGPIIn mma@dwhw&usaorl@ozelnﬂuﬁmper. od and

stirred fos lcdnchr, ardiea, rrér@c&ﬂrxmarmon& Wefhsw@‘ﬁorh%r%etaﬂd gatff2 C and
addi ti onal di f | uor obenzoj BTU (4 g, 11

C
nmmol ) were ad@g m3tery RN ’6‘%%9 B@C“?ﬁergfef‘ﬁﬁg éIIC&‘EG‘Q&’fL%f'SI"(S’g Y then at
anbi ent terrpedls&aseeterﬁmsynbﬁtnhandﬂaecmuﬂﬁNeumpaumcmblmnmlumtrtyemnIaI guenched

wth water (2 t us | ayer was
adjusted to pl?_%?géﬂf&ei%% Hﬁg%[? r%uo&gihggaelguééﬁgogl 3‘%’1\' hgc 5 g The | ayers
wer e separ at edpafagniatien syngeames Suﬁy%&bradsalmmulswnce with water (100 ni).
The sol vegdy VRSovaSimfiestionn vacuo to afford 1522.9 g of a viscous orange
solid. The strength of the product in the crude oil was determ ned at 66.0
Wt % by quanti t at | V& HPINR ispssoriatedwithdiegyasselarizatiom dapiaition of s corresponds to

a yield of 15nebvgso(na82@uonﬁheex@rrblev\wsams@ehwtagbnmt(bwtce.&éwl ket one (50
mL) which was rocess was

) t st | | f cuo
repeated a to 0#8 %J :?Iagx?u Iﬁ)EOfltheAa 5'?5'8qu "Fﬁ\{gégrﬁg%%éﬂ"d't&{?ﬁnd bot t omed
flask, 20 equéhgrasteriaed by undesablenemdassulanzation otamgiogerssist Suph obe, dr oppi ng
f unnel angs coQgplamesy can‘muo%rﬁ%sg%ﬂaﬁéhéﬂefd%Wﬂhﬁn%fdhnﬁar(gdro n&l%%%@}mo l) and

nmet hyl ethyl ketone &15 . The suspension was heat'e whi ch | ed
to conpl ete dPLEHIFN Wd@ngnpg,gweag eovesearizaiiirpsspciatedwith tumor

(2S, 3R) - N- 24( 3- pyri di nyOret hyl ) - 1-

azabicycl o[ 2. 2. 2] oct-3-y1)-3,5-di fluor@benzanmi de in nmethyl ethyl ketone (50
m.) 25 was added slowy, keeping the internal tenperature above 75 C. After
conpletion of the addition, the suspension was stirred for 30-45 mn at 78
C and the heat source was turned off. The suspension was stirred overnight,
filtered and the cake was dried at 50 Cin vacuo for 16 h to afford

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

a T T Y . . e ~ AN - N L O T L e



Procedure A: To a solution of 250 ng (0.7 nmmol) of (2S, 3R)-N- 24(3-
pyridinyl)nmethyl)-1-azabicycl o[ 2. 2.2]oct-3-y1)-3,5-difluorobenzam de in 10
nmL of i sopoapywlosanet ate was added aqueous hydrochl ori c @&cirase@d/opiozef a 37%
(ww, 0.78 mml). The solution was heated to 50 C and cooled to O C over a
4 h 5 period. The nono-hydrochloride sarrple was a m xture of gumand white
powder at 0 C. The sanple was then heated to 20 C and cool ed again to 0 C

| dried
nder  vacuan APvBeR R be ey st Lse Wb acschedy e < 1 ©
Concent r at ed thvytjfuo@hn@suaotaa@mﬁs(Jruoamlmon@tsqml‘{w W), 6.6 10mvl) was added
drop-wise, with i e@ﬁ&Qntﬁﬁ&hénﬁ‘gfa7tNNRgbécﬁfélé@ﬁ\ﬁ’tfl%o%@es(tﬁé'ﬁnglogé\lcm—) and

dllutedt05m_vo ume Wt his solution was added drop-w se (over a
5 min peri od) eseongefuinflammaticnpisehenia and neepiasia. Byigane reggrding 3-

pyridi nyl ) sret Bp/drapnbte?eﬁﬂﬁélWbpiygte%s%r@élu&mg?d)e&n‘fpodhdddd@léﬁﬂéﬂnm&m de (2.43
ol i ds

g of 96. 8% pur ace e
preci pitate. eifgﬁ‘ﬁigﬁreéarwgg p Hge e’f@ag’?‘%m”r %%’5 Fngioggec Pr%ﬁwa%ool ed to
anbi ent t enpematiiated by non-aklrona dicbtinicadetylfoline rddeptoss)! J. dinvievest. col | ect ed by

suction fiItrg@%[‘hzgrﬁ%?% Itrogen, washed with acetone and dried in a
vacuum oven ( (§:924-35) is left 2.26 g of material that was 93% pure by

LCVS. The entire ’smmése'nm\ﬁe wmgetypedthattah bt treated usibgtheicompothdsr opanol (25
m) for 180 st Q% E?eq,hn%éﬁmcﬁﬁéﬁggﬁeupvgpag é)an@&b a%@{eagg %én%grpg e%&ur e and

al | oned t Wer é col su0|onf|Itrat|on
under ni t r ogearasinamalrcokled cawrmmar(eam.mQamon(a%m@ca@ngmh)oromnkesul ting

whi t t al | d d
rol e at 273t R e HRPREHRE gl csol R Rty Shiof e 1), 5
(d, 1H), 8. 54pqrg:reagq)arcwgrrgglW(adcarquma garmadggr caqu)oma; bikey t(qﬁ;arg_lpgma 7.24 (m

3H), 4.14 25( Hhalﬂnhﬂestnrfb&?cw(dfﬂaﬂi @acﬂ@arélﬁbmgfﬂdneﬁcér@in&n'éﬁnlédabr 4H), 2.06
(m 3H), n@ enent al anal ’¥3| s: Cal cul ated for

90 (m
C201- 1210&@F2°¢4@P°'P€Uf@be'é'g%a"ﬁw @we%"'ti'draéb%c' R REVIKC, 60. 94%
60.91% H, 5. edtemorha,afdfus Barcidén® IVariahCafcifina, EhoRbRréindma, Qesthfigpal s of

2S, 3R) - N- 2- 3- idi | t [)-1- 3 . ) ,
b el ota: 9%%%?1%4"%@%%3 T b aasinen. Atostals TR RaTine To a
sol ution of 2bésidey dattinbrrantesies abrc(ndBa dermdeRtuq{oss, prdacdnagl@met hyl ) - 1-

azabicyclo[2 opyl

al cohol was a hgr%;dliy %{&%:Br%lf‘gmg J réh%ﬁ@%&ﬁ'&ﬁé“gﬂ &ta'r;p%; (ﬂ&r%é]oo'#alsgﬂgm din THF
sol uti on. 2Crhecaohqma dremaagiomes trerfaropasFacComad, lzmelaedsefbtlsrsua:sgma a 4 hour
period. A whi kg %ﬁsgm hfinchb f thY ofa, WFibr@ds e fondliuifrd 61TRE BRY, af ter
warm ng the sa e toroo nmperature. Evaporation o sol vent yi el ded
crystal line nimars gfithe maﬂmmsa%&cvte@@whm e?qb&#méﬁt'&%ﬂma& 25 C for
23 hl np nggc)meuror%&sgngur@blagtbh%cﬁ\ﬁ%o% 'm %cﬁlgiurﬂ&séﬁsmgl'*) 02 33
g) 3H234 (m ff heE‘a °'§t'%®a'(9f’1‘ﬁ“°m)(su°‘3'f5 im%%m'ﬂﬁ pa‘rinma@)’t‘("i'ﬂs 1H). (or
Exagpl e |62f gyaﬁchﬂh&lpl‘aqoés 4rajsmaa)sownﬁf | cc(s(sa’ur}igblideélaﬁ&bl)tﬁiﬁéd&irri]ceg- ]

azabi cycl o i.fl uorobenz 0 ydr oxybenzoat e

To & sluti ondBPRBYIHSTE) 365 lBIaE SESE B BReBB0%E oy iy ) et hy ) -

1- azabi cycl o[ 2. 2. 2Thectonpoynids-can Bisd bk ladwinisteredt arvoojendgtion Withrbthef fornsopr opy |

acetate 10was oféml anc %aﬁﬁlan uﬁ:ﬂld%ﬁ cmllmn|saraipnsgﬂ15agﬁir&:@o£%icg%@@g9xybenZOi ¢

acid in THF so e So utlon was heat e _ _ to 0 C
over a 4 hour agRits Bh avKis-ARliAAdiamyein ey perebatrd hadkepodPrand- V6 gum The
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-6.10 - 36.46 Sul phurjc acid -
mvention most preferably are employed in forms of high purity. See, U.S. Patent

No. 5,853,696 to Elmalch et al.

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

10  quantified by appropriate techniques in order to indicate the presence, quantity,
and functionality of selected NNR subtypes. In addition to humans, the
compounds can also be administered to animals, such as mice, rats, dogs, and
monkeys. SPECT and PET imaging can be carried out using any appropriate
technique and apparatus. See Villemagne et al., In: Arneric et al. (Eds.) Neuronal

15  Nicotinic Recepbrs: Pharmacology and Therapeuti Opportunities, 235-250
(1998) and U.S. Patent No. 5,853,696 to Elmalch et al.

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., a4$2 and those receptor subtypes

20  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

25 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 subtypes). Those skilled in the art of using diagnostic tools, such as
PET and SPECT, can use the radiolabeled compounds described herein to

30 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

35 those that are set forth in U.S. Patent No. 5,952,339 to Bencherif et al.
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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

5 selected nicotinic receptor subtypes namely, the a7 receptor subtype.

Receptor Binding

The compounds of this invention can be used as reference ligands in
binding assays for compounds which bindto NNR subtypes, particularly the a7
receptor subtype. For this purpose the compounds of this invention are preferably

10  labeled with a radioactive isotopic moiety such as *H, or *C. Examples of such
binding assays are described in detail below.
Pharmaceutical Compositions

Although it is possible to administer the compound of the present invention

in the form of a bulk active chemical, it is preferred to administer the compound in

15 the form of a pharmaceutical composition or formulation. Thus, one aspect the
present invention includes pharmaceutical compositions comprising the
compound of the present invention and one or more pharmaceutically acceptable
carriers, diluents, or excipients. Another aspect of the invention provides a
process for the preparation of a pharmaceutical composition including admixing

20 the compound of the present invention with one or more pharmaceutically
acceptable carriers, diluents or excipients.

The manner in which the compound of the present invention is
administered can vary. The compound of the present invention is preferably
administered orally. Preferred pharmaceutical compositions for oral

25 administration include tablets, capsules, caplets, syrups, solutions, and
suspensions. The pharmaceutical compositions of the present invention may be
provided in modified release dosage forms such as time-release tablet and
capsule formulations.

The pharmaceutical compositions can also be administered via injection,

30 namely, intravenously, intramuscularly, subcutaneously, intraperitoneally,
intraarterially, intrathecally, and intracerebroventricularly. Intravenous
administration is a preferred method of injection. Suitable carriers for injection are
well known to those of skill in the art and include 5% dextrose solutions, saline,
and phosphate buffered saline.

35 The formulations may also be administered using other means, for

example, rectal administration. Formulations useful for rectal administration, such
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as suppositories, are well known to those of skill in the art. The compounds can
also be administered by inhalation, for example, in the form of an aerosol;
topically, such as, in lotion form; transdermally, such as, using a transdermal
patch (for example, by using technology that is commercially available from
Novartis and Alza Corporation), by powder injection, or by buccal, sublingual, or
intranasal absorption.

Pharmaceutical compositions may be formulated in unit dose form, or in
multiple or subunit doses

The administration of the pharmaceutical compositions described herein
can be intermittent, or at a gradual, continuous, constant or controlled rate. The
pharmaceutical compositions may be administered to a warm-blooded animal, for
example, a mammal such as a mouse, rat, cat, rabbit, dog, pig, cow, or monkey;,
but advantageously is administered to a human being. In addition, the time of day
and the number of times per day that the pharmaceutical composition is
administered can vary.

The compound of the present invention may be used in the treatment of a
variety of disorders and conditions and, as such, may be used in combination with
a variety of other suitable therapeutic agents useful in the treatment or
prophylaxis of those disorders or conditions. Thus, one embodiment of the
present invention includes the administration of the compound of the present
invention in combination with other therapeutic compounds. For example, the
compound of the present invention can be used in combination with other NNR
ligands (such as varenicline), antioxidants (such as free radical scavenging
agents), antibacterial agents (such as penicillin antibiotics), antiviral agents (such
as nucleoside analogs, like zidovudine and acyclovir), anticoagulants (such as
warfarin), anti-inflammatory agents (such as NSAIDs), anti-pyretics, analgesics,
anesthetics (such as used in surgery), acetylcholinesterase inhibitors (such as
donepezil and galantamine), antipsychotics (such as haloperidol, clozapine,
olanzapine, and quetiapine), immuno-suppressants (such as cyclosporin and
methotrexate), neuroprotective agents, steroids (such as steroid hormones),
corticosteroids (such as dexamethasone, predisone, and hydrocortisone),
vitamins, minerals, nutraceuticals, anti-depressants (such as imipramine,
fluoxetine, paroxetine, escitalopram, sertraline, venlafaxine, and duloxetine),
anxiolytics (such as alprazolam and buspirone), anticonvulsants (such as
phenytoin and gabapentin), vasodilators (such as prazosin and sildenafil), mood
stabilizers (such as valproate and aripiprazole), anti-cancer drugs (such as anti-
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proliferatives), antihypertensive agents (such as atenolol, clonidine, amlopidine,
verapamil, and olmesartan), laxatives, stool softeners, diuretics (such as
furosemide), anti-spasmotics (such as dicyclomine), anti-dyskinetic agents, and
anti-ulcer medications (such as esomeprazole). Such a combination of
5 pharmaceutically active agents may be administered together or separately and,

when administered separately, administration may occur simultaneously or
sequentially, in any order. The amounts of the compounds or agents and the
relative timings of administration will be selected in order to achieve the desired
therapeutic effect. The administration in combination of a compound of the the

10  present invention with other treatment agents may be in combination by
administration concomitantly in: (1) a unitary pharmaceutical composition
including both compounds; or (2) separate pharmaceutical compositions each
including one of the compounds. Alternatively, the combination may be
administered separately in a sequential manner wherein one treatment agent is

15 administered first and the other second. Such sequential administration may be
close in time or remote in time.

Another aspect of the present invention includes combination therapy
comprising administering to the subject a therapeutically or prophylactically
effective amount of the compound of the present invention and one or more other

20 therapy including chemotherapy, radiation therapy, gene therapy, or
immunotherapy.
Examples

The following examples are provided to illustrate the present invention,

and should not be construed as limiting thereof. in these examples, all parts and
25 percentages are by weight, unless otherwise noted.
Nuclear Magnetic Resonance (NMR) Spectrometry

NMR spectra were collected on either a Varian Unty 300 MHz instrument
or a Bruker 400MHz instrument equipped with an auto-sampler and controlled by
a DRX400 console. Automated experiments were acquired using ICONNMR

30 v4.0.4 (build 1) running with Topspin v 1.3 (patch level 8) using the standard
Bruker loaded experiments. For non-routine spectroscopy, data were acquired
through the use of Topspin alone.

Melting Point

A Fisher-Johns hot stage melting point apparatus was used, at a setting

35 corresponding to a heating rate of about 5 °C per min.

Differential Scanning Calorimetry (DSC)
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Dsc data were collected on a Mettler DSC 823e equipped with a 50
position auto-sampler. The instrument was calibrated for energy and temperature
using certified indium. Typically 0.5-1.5 mg of each sample, in a pin-holed
aluminum pan, was heated at 10 °c.min-1 from 25 °C to 300 °C. A nitrogen purge
at 50 ml/min-1 was maintained over the sample. Instrument control and data
analysis were performed using the stare v 9.10 software package.

X-Ray Powder Diffraction (XRPD)
Method 1
X-Ray Powder Diffraction patterns were collected on a Siemens D5000

diffractometer using Cu Ka radiation (40kV, 40mA), 6-0 goniometer, divergence of
V20 and receiving slits, a graphite secondary monochromator and a scintillation
counter. The instrument is performance checked using a certified Corundum
standard (NIST 1976). The software used for data collection was Diffrac Plus
XRD Commander v2.3.1 and the data were analysed and presented using Diffrac
Plus EVAv 11,0.0.2 orv 13.0.0.2.

Samples were run under ambient conditions as flat plate specimens using
powder as received. Approximately 30 mg of the sample was gently packed into a
cavity cut into polished, zerobackground (510) silicon wafer. The sample was
rotated in its own plane during analysis. The details of the data collection are:

* Angular range: 2 to 42 °26

» Step size: 0.05 °26 or 0.1 °20
« Collection time: 4 s.step™
Method 2

X-Ray Powder Diffraction patterns were collected on a Bruker AXS C2
GADDS diffractometer using Cu Ka radiation (40 kV, 40 mA), 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 colimator of 0.3 mm.

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 20 range of
3.2°-29.7 °. Typically the sample would be exposed to the X-ray beam for 120
seconds. The software used for data collection was GADDS for WNT 4.1.16 and
the data were analysed and presented using Diffrac Plus EVA v 9.0.0.2 orv
13.0.0.2.
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Sampies 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 glass slide to obtain a flat surface. Samples
run under non-ambient conditions were mounted on a silicon wafer with

5 heatconducting compound. The sample was then heated to the appropriate
temperature at ca. 10 °C.min"' and subsequently held isothermally for ca 1 minute
before data collection was initiated.

Single Crystal X-Ray Diffraction (SCXD)
Data were collected on a Bruker AXS 1K SMART CCD diffractometer

10  equipped with an Oxford Cryosystems Cryostream cooling device. Structures

were solved using either the SHELXS or SHELXD programs and refined with the
SHELXL program as part of the Bruker AXS SHELXTL suite. Unless otherwise
stated, hydrogen atoms attached to carbon were placed geometrically and
allowed to refine with a riding isotropic displacement parameter. Hydrogen atoms

15  attached to a heteroatom were located in a difference Fourier synthesis and were
allowed to refine freely with an isotropic displacement parameter.

Example 1. Synthesis of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide
To a suspension of (2S,3R)-3-amino-2-((3-pyridinyl)methyl)-1-

20 azabicyclo[2.2.2]octane (20 mg, 0.092 mmol, prepared as described in PCT WO
09/018505, herein incorporated by reference with regard to such synthesis), o-
(benzotriazol-1-yl)-N,N,N, 1-tetramethyluronium hexafluorophosphate (HBTU, 41.7
mg, 0.110 mmol) and 3,5-difluorobenzoic add (17.4 mg, 0.110 mmol) in N,N-
dimethylformamide (DMF, 2 ml) was added triethylamine (28 mg, 0.28 mmol) at

25 room temperature. The reaction mixture was stirred overnight at room
temperature, diluted with ethyl acetate (200 ml) and washed with 20% aqueous
potassium carbonate. The residue was purified by silica gel chromatography with
the eluent methanolftriethylamine = 300:1. The solvent was removed to give
(2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-

30 difluorobenzamide (30 mg, 76%), purity by HPLC: 100% (214 nm), 98.2% (254
nm); '"H NMR (400 MHz, CDCls) d 8.48 (d, j = 2.0 Hz, 1H), 8.36 (dd, j= 1.7 Hz, j =
4.9 Hz, 1H), 7.56-7.60 (m, 1H), 7.14-7.20 (m, 1H), 7.05-7.14 (m, 2H), 6.87-6.96
(m, 1H), 6.23 (d, j = 7.8 Hz, 1H), 3.88-3.96 (m, 1H), 3.02-3.13 (m, 1H), 2.82-3.00
(m, 4H), 2.65-2.82 (m, 2H), 1.97-2.05 (m, 1H), 1.58-1.84 (m, 3H), 1.43-1.55 (m,

35 1H); ESI-MS 358.1(MH)".

Example 2. Synthesis of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
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azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide fumarate
To a solution of 3,5-difluorobenzoic acid (9.36 g, 59.2 mmol), chloroform
(200 mL) and triethylamine (16.34 g, 161.5 mmol) at 25 °C was added HBTU
(22.5 g, 59.2 mmol). The mixture was heated to 40-42 °C for 45 min resulting in
5 the formation of a white suspension. The suspension was cooled to 10 °C and a
solution of (2S,3R)-3-amino-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]octane
(11.7 g, 53.8 mmoles) in chloroform (50 mL) was added over a 15-20 min period
and stirred for 1.5 h. The reaction mixture was heated to 40-42 °C and additional
3,5-difluorobenzoic acid (2.0 g, 13 mmol) and HBTU (4 g, 11 mmol) were added,
10  followed by stirring at 40-42 °C for 2 h and then at ambient temperature for 16 h.
The reaction mixture was quickly quenched with water (200 mL), and under
stirring, the pH of the aqueous layer was adjusted to pH = 10-11 with 10 wt %
aqueous sodium hydroxide. The layers were separated and the organic layer was
washed twice with water (100 mL). The solvent was removed in vacuo to afford
15  22.9 g of a viscous orange solid. The strength of the product in the crude oil was
determined at 66.0 wt % by quantitative HPLC against a reference standard; this
corresponds to a yield of 15.1 g (78%). The oil was dissolved in methyl ethyl
ketone (50 mL) which was subsequently distilled off in vacuo; this process was
repeated a total of three times. A 500 mL three-necked, round-bottomed flask,
20 equipped with an overhead stirrer, temperature probe, dropping funnel and
condenser, was charged with fumaric acid (4.9 g, 42 mmol) and methyl ethyl
ketone (150 mL). The suspension was heated to 78 °C which led to complete
dissolution of the acid. A solution of the (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-y1)-3,5-difluorobenzamide in methyl ethyl ketone (50 mL)
25 was added slowly, keeping the internal temperature above 75 °C. After
completion of the addition, the suspension was stirred for 30-45 min at 78 °C and
the heat source was turned off. The suspension was stirred overnight, filtered and
the cake was dried at 50 °C in vacuo for 16 h to afford (2S,3R)-N-2-((3-
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide fumarate as a
30 light yellow, crystalline solid (99.6 % pure by HPLC), mp 208-210 °C. Yield: 65%
for two steps. 'H NMR (D0, 400 MHz): 5 8.30 (d, J = 5.6 Hz, 1H); 8.06 (d, J = 7.5
Hz, 1H); 7.48 (dd, J = 8.7 Hz, J = 5.6 Hz, 1 H); 6.97-7.06 (m, 1H); 6.75-6.85 (m, 2
H); 6.49 (s, 2H); 4.15 (d, J = 7.5 Hz, 1H); 3.69-3.81 (m, 1H); 3.40-3.59 (m, 2H);
3.17-3.40 (m, 4 H); 2.03-2.18 (m, 2H); 1.91-2.03 (m, 2 H), 1.78-1.91 (m, 1H).
35 Example 3. Synthesis of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-

azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide mono-hydrochloride
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Procedure A: To a solution of 250 mg (0.7 mmol) of (2S,3R)-N-2-((3-
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide in 10 mL of
isopropyl acetate was added aqueous hydrochloric acid (65 WL of a 37% (w/w),
0.78 mmol). The solution was heated to 50 °C and cooled to 0 °C overa4 h

5 period. The mono-hydrochloride sample was a mixture of gum and white powder
at 0 °C. The sample was then heated to 20 °C and cooled again to 0 °C (cooling
ramp 5 °C /min). The resulting solids were collected and dried under vacuum at
25 °C for 24 h. mp (DSC) = 274.8 °C.

Procedure B: Concentrated hydrochloric acid (0.54 mL of 37% (w/w), 6.6

10  mmol) was added drop-wise, with ice bath cooling, to tetrahydrofuran (THF , ~4
mL) and diluted to 5 mL volume with THF. This solution was added drop-wise
(over a 5 min period) to a warm (45-50 °C) solution of (2S,3R)-N-2-((3-
pyridinylymethyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide (2.43 g of
96.8% purity, 6.58 mmol) in acetone (20 mL). Solids began to preciptate. The

15  mixture was heated near boiling for 15 min, cooled to ambient temperature and
allowed to sit 16 h. The solids were collected by suction filtration under nitrogen,
washed with acetone and dried in a vacuum oven (85 °C, 3 h). This left 2.26 g of
material that was 93% pure by LCMS. The entire sample was digested in hot
(near boiling) 2-propanol (25 mL) for 10 min. The mixture was cooled to ambient

20 temperature and allowedto stand for 3 h. The solids were collected by suction
filtration under nitrogen and dried in a vacuum oven (85 °C, 2.5 h). The resulting
white crystals were >99% pure by HPLC, weighed 2.03 g (78.4% yield) and
melted at 273-276 °C. "H NMR (400 MHz, DMSO-ds) & 10.45 (broad s, 1H), 8.66
(d, 1H), 8.54 (s, 1H), 8.28 (d, 1H), 7.76 (d, 1H), 7.41 (m, 1H), 7.24 (m, 3H), 4.14

25 (m, 1H), 4.07 (m, 1H), 3.46 (m, 2H), 3.10-3.35 (m, 4H), 2.06 (m, 3H), 1.90 (m,
1H), 1.69 (m, 1H). Elemental analysis; Calculated for C,H,;ON;F, - HCI (C,
60.99%; H, 5.63%, N, 10.67%); Found (C, 60.94%, 60.91%; H, 5.64%, 5.66%;
N, 10.63%, 10.67%).
Example 4. Synthesis of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-

30 azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide mono-phosphate

To a solution of 250 mg (0.7 mmol) of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-y1)-3,5-difluorobenzamide in 5 mL of isopropyl alcoho! was
added 780 uL (0.78 mmol, 1.1 eq) of a 1M phosphoric acid in THF solution. The
solution was heated to 50 °C and cooled to 0 °C over a 4 hour period. A white

35 immobile slurry formed at 0 °C, which remained after warming the sample to room
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temperature. Evaporation of the solvent yielded crystalline material that was
collected and dried under vacuum at 25 °C for 24 h. mp (DSC) = 219.2 °C.
'H NMR (400 MHz, DMSO-ds) & 8.48 (s, 1H), 8.34 (d, 1H), 8.28 (d, 1H), 7.68 (d,
1H), 7.43 (m, 1H), 7.24 (m, 3H), 5.04 (br s), 3.84 (m, 1H), 2.70-3.35 (m, 7H),

5 1.60-1.90 (m, 4H), 1.40 (m, 1H).
Example 5. Synthesis of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide mono-4-hydroxybenzoate

To a solution of 250 mg (0.70 mmol) of (2S,3R)-N-2-((3-pyridinyl)methyl)-

1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide in 5 mL of isopropyl acetate

10  was added 780 pL (0.78 mmol, 1.1 eq) of a 1M 4-hydroxybenzoic acid in THF
solution. The solution was heated to 50 °C and cooled to 0 °C over a 4 hour
period. The mono-4-hydroxybenzoate was obtained as a gum. The crystallization
was obtained after seeding with the hemi-4-hydroxybenzoate and 48 hours of
maturation between 50 °C and room temperature (4 hours cycle) of an

15  evaporated mixture of gum and solvent (only a quarter of the starting volume was
remaining). The solid was then isolated by evaporation of the solvent under
nitrogen. The resulting solids were collected and dried under vacuum at 25 °C for
24 h. mp (DSC) = 144.0 °C.

Example 6. Synthesis of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-

20 azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide hemi-4-hydroxybenzoate
To a solution of 71.5 mg (0.20 mmol) of (25,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-y1)-3,5-difluorobenzamide in 3.5 mL of isopropyl acetate
was added 100 ul (0.1 mmol, 0.5 eq) of a 1M 4-hydroxylbenzoic acid in THF
solution. The isopropyl acetate was evaporated to yield (25,3R)-N-2-((3-

25  pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yi)-3,5-difluorobenzamide mono-4-
hydroxybenzoate as a solid which was collected and dried under vacuum at 25 °C
for 24 h. mp(DSC) = 106.0 °C. 'H NMR (400 MHz, DMSO-d;) & 10.23 (br s), 8.43
(s, 1H), 8.29 (s, 1H), 8.28 (s, 1H), 7.78 (d, 1H), 7.61 (m, 1H), 7.41 (m, 3H), 7.22
(m, 1H), 6.80 (d, 1H), 3.66 (m, 1H), 2.70-3.20 (m, 7H), 1.50-1.90 (m, 4H), 1.20

30 (m, 1H).

Example 7. Synthesis of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide monohydrate

To a solution of (2S,3R)-N-2-((3-pyridiny)methyl)-1-azabicyclo[2.2.2]oct-3-yI)-3,5-
difluorobenzamide (993 mg, 2.80 mmol) water (5 mL) was added chloroform (15

35 mL). The pH of the aqueous layer wasadjusted to pH = 10-11 with 10 weight %
sodium hydroxide. The biphasic mixture was shaken vigorously, and the layers
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were allowed fo separate. The chloroform layer was isolated, and the aqueous
layer was extracted once more with chloroform (9 mL). The combined chloroform
layers were washed once wit water (7 mL), filtered over a bed of anhydrous
magnesium sulfate and concentrated in vacuo to afford a colorless, clear oil with a
5 tendencyto foam. The material was treated with methyl tert-butyl ether (MTBE,
10-15 mL) followed by solvent distillation in vacuo; this process was repeated
once more. The material was dissolved in MTBE (10-15 mL) and heptane was
added until a white cloudiness appeared. At this point, a slow disfillation of
volatiles at 50-55 °C at ambient pressure was started and additional solid material

10 separated out. The distillation was halted and the material was collected by
filtration and washed wih a small amount of heptane. The material was dried in
vacuo at 55 °C under a vacuum/nitrogen bleed for 60 h and at 70-85 °C for 40 h to
afford 400 mg of (2S,3R)-N-2-((3-pyridinyl)methyl}1-azabicyclo[2.2.2]oct-3-yi)-
3,5-difluorobenzamide mono-hydrate as a white brittle solid: ap?*% = 40°:

15 elemental analysis, calc: C (63.99); H (6.18); N (11.19), H,O (4.8 weight %),
found: C (64.23); H (6.27); N (11.18); H,O (4.48). "H NMR (CDCl;, 400 MHz): &
8.46(d, J =2 Hz, 1H); 8.35 (dd, J =4.8 Hz, J = 2 Hz, 1 H); 7.56-7.61 (m, 1H);
7.08-7.19 (m, 3H); 6.87-6.95 (m, 1H), 6.32 (d, J = 8.1 Hz, 1H); 3.89-3.95 (m, 1H);
3.00-3.12 (m, 1H), 2.84-2.99 (m, 4H); 2.68-2.84 (m, 2H); 1.98-2.04 (m, 1H); 1.83

20 (s, 2H); 1.58-1.79 (m, 3H); 1.44-1.54 (m, 1H). Decomposes at 240 °C.

Example 8. Synthesis of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide hemi-galactarate

To a stirred solution of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide (357 mg, 1.00 mmol) in absolute

25  ethanol (10 mL) at 70-72 °C was added galataric acid (neat) (105 mg, 0.50 mmol)
in small portions. Heating was continued for an additional 15 min after completion
of acid addition. The solution was slowly cooled to ambient temperature. After
standing for 2 h, the solids were collected by vacuum filtration, washed with
ethanol, and dried under a nitrogen cone for 30 min. The resulting material was

30 dried for 3 h at 75 °C in a vacuum oven to remove residual ethanol. The results
of XRPD analysis are shown in Figure 11.

Example 9. Salt screening of (28,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide
Stock solutions of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-
35  3-yl)-3,5-difluorobenzamide free base were prepared as follows:
* 20 mg/mlin IPA, 25mg/ml in i-ProAc - Counter-ions 1-12
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» 25 mg/ml in i-ProAc - Counter-ions 13-20
Each vial was charged with 2 ml of free base stock solution at ambient
(40-50 mg of free base/vial). To each vial was then added appropriate volumes of
stock acid solution, (1M in THF, unless otherwise stated) at either 1.1 or 2.2
5 equivalents at ambient. Insoluble acids were added as solids accordingly. All

samples were the warmed to 50 °C prior to cooling to 0 °C over 10 hours. All
amorphous solids, including gums and oils, were placed on maturation (ambient-
50 °C in 4 hour cycles over 2 days) followed by XRPD re-analysis. To those
samples which remained amorphous post maturation 2 ml of methyl ethyl ketone

10 was added and the samples further matured for 3 days. Clear solutions were
sequentially evaporated to approximately to half and then to quarter volume at 50
°C. Remaining solutions were further cooled to 5 °C prior to the complete removal
of the solvent under vacuum. All resulting solids were analyzed by XRPD and any
crystalline samples with unique XRPD patterns were analyzed further by

15 'HNMR/lon chromatography, solid state stability at 40 °C/75%RH for 1 week and
aqueous solubility (target 10 mg/ml at 25 °C, unbuffered)

Acidic counter-ions selected for the salt selection study

Nr. Acid
1 Hydrochloric acid 37 wt% (12M)
2 Sulphuric acid
3 Methane sulfonic acid
4 Maleic acid
5 Phosphoric acid
6 L-Tartaric acid
7 Fumaric acid
used as powder
8 Citric acid
9 L-Malic acid
10 1-Hydroxy-2-Naphthoic acid
used as powder
11 4-Hydroxy benzoic acid
12 Succinic acid 1M in MeOH
13 Benzene sulfonic acid
14 p-Toluene sulfonic acid
1M in EtOH
15 Hippuric acid
used as powder
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mono salt bis salt nono salt bis salt nono salt 11BSsig nono salt bis salt
nono salt Ilies sp nono salt bis salt nono salt IBS sp Sol vent 2-propanol

| sopr opylwecetaissr2kouedar d- Z | sopropyl acetate | oued d- Bcraspoiopyis2acet at e
2- propanol |sopropyl acetate |ouedoid-z |sopropyl acetate

16 D-Gluconic acid 50% in water 1

17 Acetic acid 1

18 Benzoic acid 1M in |PA 2

19 Propionic acid 2

20 L-Aspartic acid 1
used as powder
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Example 10. Crystal Structure of the Hydrochloride Salt
Crystals of hydrochloride salt were obtained by maturation between room
temperature and 50°C of a methanol solution of (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide mono-hydrochloride. The single crystal
5 structure data are indicated in the table below. The sample was checked to be

representative of the bulk

Single Crystal Structure of the mono hydrochloride salt

Molecular formula CaoH2CIF;N5O
Molecular weight 393.86
Crystal system Monodinic
Space group P2, a [ 10.049(DA | a 90°
b | 8.872(1)A | B | 94.088(3)°
c | 10.491(NA | y 90°
V 933.07(15)A
Y4 2
D, 1.402g.cm”
u 0.239mm’"’
Source, A Mo-K(alpha), 0.71073A
F(000) 412
T 120(2)K
Crystal colourless prism, 0.3 x 0.15 x 0.11mm
Data truncated to 0.80 A
Omax 26.37°
Completeness 99.4%
Reflections 7986
Unique reflections 3750
Rint 0.0135
Flack parameter -0.04(3)
Ray 0.0236
R; 0.0231
10 The structure solution was obtained by direct methods, full-matrix least-squares

refinement on F 2 with weighting w"' = 6*(F.7) + (0.0435P)% + (0.1500P), where P =

(F.2+2F2)I3, anisotropic displacement parameters, empirical absorption corrections were

applied, absolute structure parameter = -0.04(3). Final wR? = {S[W(F,>-F2)*)/E[W(F,4"3 =

0.0636 for all data, conventional R; = 0.0231 on F values of 3684 reflections with F, > 4o(
15 F), S =1.004 for all data and 252 parameters. Final A/o(max) 0.001, A/c(mean), 0.000.

Final difference map between +0.195 and -0.136 e A™.

The value of the absolute structure parameter enabled the determination of the
configuration of the chiral centers. This configuration is indicated in Figure 10.
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Example 11. Biological Assays
Radioligand Binding at CNS nAChRs a4f32 NNR Subtype
Preparation of membranes from rat cortex: Rats (female, Sprague-Dawley),

weighing 150-250 g, were maintained on a 12 h light/dark cycle and were allowed free

5 access to water and food supplied by PMI Nutrition International, Inc. Animals were
anesthetized with 70% CO,, and then decapitated. Brains were removed and placed on an
ice-cold platform. The cerebral cortex was removed and placed in 20 volumes
(weight:volume) of ice-cold preparative buffer (137 mM NaCli, 10.7 mM KCl, 5.8 mM
KH,PQO4, 8 mM Na,HPQ,, 20 mM HEPES (free acid), 5 mM iodoacetamide, 1.6 mM EDTA,

10 pH7.4); PMSF, dissolved in methanol to a final concentration of 100 uM, was added and
the suspension was homogenized by Polytron. The homogenate was centrifuged at 18,000
x g for 20 min at 4 °C and the resulting pellet was re-suspended in 20 volumes of ice-cold
water. After 60 min incubation on ice, a new pellet was collected by centrifugation at 18,000
x g for 20 min at 4 °C. The final pelletwas re-suspended in 10 volumes of buffer and stored

15 at-20°C.

Preparation of membranes from SH-EP1/human a4B2 clonal cells: Cell pellets from
40 150 mm culture dishes were pooled, and homogenized by Polytron (Kinematica GmbH,
Switzerland) in 20 milliliters of ice-cold preparative buffer. The homogenate was centrifuged
at 48,000 g for 20 minutes at 4 °C. The resulting pellet was re-suspended in 20 mL of ice-

20  cold preparative buffer and stored at -20°C.

On the day of the assay, the frozen membranes were thawed and spun at 48,000 x g
for 20 min. The supernatant was decanted and discarded. The pellet was resuspended in
Dulbecco’s phosphate buffered saline (PBS, Life Technologies) pH 7.4 and homogenized
with the Polytron for 6 seconds. Protein concentrations were determined using a Pierce

25 BCA Protein Assay Kit, with bovine serum albumin as the standard (Pierce Chemical
Company, Rockford, IL).

Membrane preparations (approximately 50 ug for human and 200-300 pg protein for
rat a432) were incubated in PBS (50 pL and 100 L respectively) in the presence of
competitor compound (0.01 nM to 100 uM) and 5 nM [PH]nicotine for 2-3 hours on ice.

30 Incubation was terminated by rapid filtration on a multi-manifold tissue harvester (Brandel,
Gaithersburg, MD) using GF/B filters presoaked in 0.33% polyethyleneimine (wh) to reduce
non-specific binding. Tissue was rinsed 3 times in PBS, pH 7.4. Scintillation fluid was
added to filters containing the washed tissue and allowedto equilibrate. Filters were then
counted to determine radioactivity bound to the membranes by liquid scintillation counting

35  (2200CA Tri-Carb LSC, Packard Instruments, 50% efficiency or Wallac Trilux 1450
MicroBeta, 40% efficiency, Perkin Elmer).
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each point had 2-3 replicates. The replicates for each point were averaged and plotted
against the log of the drug concentration. 1Cs, which is the concentration of the compound
that produces 50% inhibition of binding, was determined by least squares non-linear

5 regression. Kivalues were calculated using the Cheng-Prussof equation (1973):
Ki = ICso/ (1 + N/Kd)

where N is the concentration of [*H]nicotine and Kd is the affinity of nicotine (3 nM,
determined in a separate experiment).
a7 NNR Subtype

10 Rats (female, Sprague-Dawley), weighing 150-250 g, were maintainedon a 12 h
light/dark cycle and were allowed free access to water and food supplied by PMI Nutrition
International, Inc. Animals were anesthetized with 70% CO,, and then decapitated. Brains
were removed and placed on an ice-cold platform. The hippocampus was removed and
placed in 10 volumes (weight:volume) of ice-cold preparative buffer (137 mM NaCl, 10.7 mM

15 KCI, 5.8 mM KH,PO,, 8 mM Na,HPO,, 20 mM HEPES (free acid), 5 mM iodoacetamide, 1.6
mM EDTA, pH 7.4); PMSF, dissolved in methanol to a final concentration of 100 uM, was
added and the tissue suspension was homogenized by Polytron. The homogenate was
centrifuged at 18,000 x g for 20 min at 4 °C and the resulting pellet was re-suspended in 10
volumes of ice-cold water. After 60 min incubation on ice, a new pellet was collected by

20 centrifugation at 18,000 x g for 20 min at 4 °C. The final peliet was re-suspended in 10
volumes of buffer and stored at -20 °C. On the day of the assay, tissue was thawed,
centrifuged at 18,000 x g for 20 min, and then re-suspended in ice-cold PBS (Dulbecco’'s
Phosphate Buffered Saline, 138 mM NaCl, 2.67 mM KClI, 1.47 mM KH,PO,4 8.1 mM
Na,HPO,, 0.9 mM CaCl,, 0.5 mM MgCl,, Invitrogen/Gibco, pH 7.4) to a final concentration of

25 approximately 2 mg protein/mL. Protein was determined by the method of Lowry et al., J.
Biol. Chem. 193: 265 (1951), using bovine serum albumin as the standard.

The binding of [’H]MLA was measured using a modification of the methods of Davies
et al., Neuropharmacol. 38: 679 (1999). [°HJMLA (Specific Activity = 25-35 Cymmol) was
obtained from Tocris. The binding of ["H]MLA was determined using a 2 h incubation at 21

30 °C. Incubations were conducted in 48-well micro-titre plates and contained about 200 pg of
protein per well in a final incubation volume of 300 uL. The incubation buffer was PBS and
the final concentration of [PHJMLA was 5 nM. The binding reaction was terminated by
filtration of the protein containing bound ligand onto glass fiber filters (GF/B, Brandel) using
a Brandel Tissue Harvester at room temperature. Filters were soaked in de-ionized water

35 containing 0.33 % polyethyleneimine to reduce non-specific binding. Each filter was washed
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with PBS (3 x 1 mL) at room temperature. Non-specific binding was determined by inclusion
of 50 uM non-radioactive MLA in selected wells.

The inhibition of [*HJMLA binding by test compounds was determined by including
seven different concentrations of the test compound in selected wells. Each concentration
was replicated in triplicate. 1Cs values were estimated as the concentration of compound
that inhibited 50 percent of specific ["H]JMLA binding. Inhibition constants (Ki values),
reported in nM, were calculated from the 1Cs, values using the method of Cheng et al.,
Biochem. Pharmacol. 22: 3099-3108 (1973).

Selectivity vs. Peripheral nAChRs
Interaction at the Human Muscle nAChR Subtype

Activation of muscle-type nAChRs was established on the human clonal line
TE671/RD, which is derived from an embryonal rhabdomyosarcoma (Stratton et al.,
Carcinogen 10: 899 (1989)). These cells express receptors that have pharmacological
(Lukas, J. Pharmacol. Exp. Ther. 251: 175 (1989)), electrophysiological (Oswald et al.,
Neurosci. Lett. 96: 207 (1989)), and molecular biological profiles (Luther et al., J. Neurosci.
9: 1082 (1989)) similar to the muscle-type nAChR.

TEG671/RD cells were maintained in proliferative growth phase according to routine
protocols (Bencherif et al., Mol. Cell. Neurosci. 2: 52 (1991) and Bencherif et al., J.
Pharmacol. Exp. Ther. 25T: 946 (1991)). Cells were cultured in Dulbecco’s modified Eagle’s
medium (Gibco/BRL) with 10% horse serum (Gibco/BRL), 5% fetal bovine serum (HyClone,
Logan UT), 1mM sodium pyruvate, 4 mM L-Glutamine, and 50,000 units penicillin-
streptomycin (Irvine Scientific). When cells were 80% confluent, they were plated to 12 well
polystyrene plates (Costar). Experiments were conducted when the cells reached 100%
confluency.

Nicotinic acetylcholine receptor (NAChR) function was assayed using *Rb* efflux
according to the method described by Lukas et al., Anal. Biochem. 175: 212 (1988). On the
day of the experiment, growth media was gently removed from the well and growth media
containing **Rubidium chloride (10° uCi/mL) was added to each well. Cells were incubated
at 37 °C for a minimum of 3 h. After the loading period, excess ®**Rb* was removed and the
cells were washed twice with labelree Dulbecco’s phosphate buffered saline (138 mM
NaCl, 2.67 mM KClI, 1.47 mM KH,PO,, 8.1 mM Na,HPO,, 0.9 mM CaCl,, 0.5 mM MgCl,,
Invitrogen/Gibco, pH. 7.4), taking care not to disturb the cells. Next, cells were exposed to
either 100 pM of test compound, 100 uM of L-nicotine (Acros Organics) or buffer alone for 4
min. Following the exposure period, the supernatant containing the released ®*Rb* was
removed and transferred to scintillation vials. Scintillation fluid was added and released
radioactivity was measured by liquid scintillation counting.
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When appropriate, dose-response curves of test compound were determined. The

5  maximal activation for individual compounds (Emax) was determined as a percentage of the
maximal activation induced by L-nicotine. The compound concentration resulting in half
maximal activation (ECso) of specific ion flux was also determined.

Interaction at the Rat Ganglionic nAChR Subtype
Activation of rat ganglion nAChRs was established on the pheochromocytoma clonal
10  line PC12, which is a continuous clonal cell line of neural crest origin, derived from a tumor
of the rat adrenal medulla. These cells express ganglion-like nAChR s (see Whiting et al.,
Nature 327: 515 (1987); Lukas, J. Pharmacol. Exp. Ther. 251: 175 (1989); Whiting et al.,
Mol. Brain Res. 10: 61 (1990)).
Rat PC12 cells were maintained in proliferative growth phase according to routine
15  protocols (Bencherif et al., Mol. Cell. Neurosci. 2: 52 (1991) and Bencherif et al., J.
Pharmacol. Exp. Ther. 257. 946 (1991)). Cells were cultured in Dulbecco’s modified Eagle’s
medium (Gibco/BRL) with 10% horse serum (Gibco/BRL), 5% fetal bovine serum (HyClone,
Logan UT), 1mM sodium pyruvate, 4 mM L-Glutamine, and 50,000 units penicillin-
streptomycin (Irvine Scientific). When cells were 80% confluent, they were plated to 12 well
20  Nunc plates (Nunclon) and coated with 0.03% poly-L-lysine (Sigma, dissolved in 100mM
boric acid). Experiments were conducted when the cells reached 80% confluency.

Nicotinic acetylcholine receptor (nAChR) function was assayed using ®Rb* efflux
according to a method described by Lukas et al., Anal. Biochem. 175: 212 (1988). On the
day of the experiment, growth media was gently removed from the well and growth media

25  containing **Rubidium chloride (10° uCi/mL) was added to each well. Celis were incubated
at 37 °C for a minimum of 3 h. After the loading period, excess **Rb* was removed and the
cells were washed twice with label-free Dulbecco’s phosphate buffered saline (138 mM
NaCl, 2.67 mM KCl, 1.47 mM KH,PO,, 8.1 mM Na,HPO,, 0.9 mM CaCl,, 0.5 mM MgCl,,
Invitrogen/Gibco, pH. 7.4), taking care not to disturb the cells. Next, cells were exposed to

30 either 100 uM of test compound, 100 uM of nicotine or buffer alone for 4 min. Following the
exposure period, the supernatant containing the released ®Rb* was removed and
transferred to scintillation vials. Scintillation fluid was added and released radioactivity was
measured by liquid scintillation counting

Within each assay, each point had 2 replicates, which were averaged. The amount

35 of ®Rb’ release was compared to both a positive control (100 uM nicotine) and a negative

control (buffer alone) to determine the percent release relative to that of L-nicotine.
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When appropriate, dose-response curves of test compound were determined. The
maximal activation for individual compounds (Emax) was determined as a percentage of the
maximal activation induced by L-nicotine. The compound concentration resulting in half
maximal activation (ECso) of specific ion flux was also determined.

5 Novel Object Recognition

Memory was assessed by using the three-trial novel object recognition test. On the
first day (exploratory trial), rats were allowed to explore an open arena (44.5 x 44.5 x 30.5
cm) for 6 min. On the second day (acquisition trial), rats were allowed to explore the same
arena in the presence of two identical objects (both object A) for 3 minutes. On the third day

10  (retention or recall trial), performance was evaluated by allowing the same animal to re-
explore the arena for 3 minutes in the presence of two different objects: the familiar object A
and a novel object B. An inter-trial interval of 24 hours was imposed between the three NOR
trials. Recognition memory was assessed by comparing the time spent exploring a novel
(object B) versus a familiar (object A) object during the recall trial. Recognition index was

15 assessed for each animal and expressed as a ratio ((time B / time A + time B) x 100).

Summary of Biological Data
In vitro pharmacology

A summary of the in vitro primary pharmacology data for (2S,3R)-N-2-((3-
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide, or a pharmaceutically

20 acceptable saltthereof, is presented in Table 1 and discussed in detail below.

Primary pharmacology and selectivity: (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide inhibited the binding of
[*HJmethyllycaconitine (MLA) to rat native o7 receptors in rat hippocampal membranes with
a K; of 100 nM.

25 (2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide
inhibited the binding of [*H]-nicotine to human recombinant a4B2 nicotinic receptors with a K;
of 1470 nM and [*H]epibatidine to rat native a4p2 receptors with a K; of 4120 nM. (2S,3R)-
N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide also displayed
reduced affinity for human native ganglion-type nicotinic receptors (likely «3p4), inhibiting

30 the binding of [’H]epibatidine to receptors in SH-SY5Y membranes with a K; of 48 pM, and
reduced affinity for human native muscle-type nicotinic receptors (likely 1B 1y3), inhibiting
the binding of [*H]epibatidine to receptors in TE-671 membranes with a K; of 136 uM.
(2S,3R)-N-2-((3-pyridinylymethyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide
inhibited the binding of [*H]epibatidine to the human recombinant a4B4 nicotinic receptors in

35 SH-EP1 membranes with a K; of 19 uM.
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thereof, is presented in Table 2 and discussed in detail below.

Table 2
Summary of NOR results for (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
10 azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide,
or a pharmaceutically acceptable salt thereof
Novel Object Recognition Model (NOR) Result
Minimum Effective Dose (MED) MED= 0.084 pmol/kg
Duration of Effect Duration 6 h (@ 0.1mg/kg)
Duration 18 h (@ 0.3mg/kg)

(2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide
improved long-term visual episodic/declarative memory as assessed by novel object
15  recognition (NOR) task following oral dosing in normal rats. The results of these studies are
presented in Figure 1. The recognition index of the vehicle-treated group 24 h after the
acquisition trial was 54+1% demonstrating the inabilky of this group to recognize the familiar
object after this delay. By contrast, animals treated with (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide exhibited recognition indexes of 70+4% at
20 the 0.84 umol/kg dose level and 74+3% and the 0.28 pmol/kg dose level.

In a follow-up NOR study (Figure 2), the minimum effect dose (MED) level for
(2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide was
determined to be 0.084 umol/kg suggesting that the rats are able to recognize the familiar
object at all doses levels tested. In the “recall only” session; a subset of animals were orally

25 dosed with water on day 1 (i.e., exploratory session) and day 2 (i.e., acquisition session) and
then orally dosed with 0.28 pmol/kg (2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-
3-yl)-3,5-difluorobenzamide on day 3 (i.e., recall session). Even following a single oral
administration, (2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-
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Reference is made to: Coderre TJ, Vaccarino AL, Melzack R (1990), Central nervous
system plasticity in the tonic pain response to subcutaneous formalin injection, Brain Res.
25 535:155-158; Dubuisson D and Dennis SG (1977), The formalin test: A quantitative study of
the analgesic effects of morphine, meperidine, and brain stem stimulation in rats and cats,
Pain 4: 161-174; Malmberg AB and Bannon AW (2002), Unit 8.9: Models of nociception:
hot-plate, tail-flick, and formalin tests in rodents, Current Protocols in Neuroscience; and
Tjelsen A and Hole K (1997), Animal models of analgesia, In: Handbook of Experimental
30  Pharmacology Volume 130: The Phammacology of Pain (Eds. A. Dickenson and J.-M.
Besson), Springer Verlag, New York pp. 1-20.
Complete Freund’s Adjuvant (CFA)Induced Thermal Hyperalgesia
Injection of complete Freund’s adjuvant (CFA) in rats is commonly used to evaluate
compounds with potential for use as drugs in treatment of mono-arthritis (osteo-arthritis) and
35 otherinflammatory conditions. Signs of hyperalgesia develop witin 24h (Schaible and
Grubb, 1993).
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the probe until the fiber bent. After the fiber bent, the probe was advanced, causing the
fiber to bend more, but without additional force being applied. The animal would indicate

35 sensation by pulling back its paw. In the absence of a paw withdrawal response to the
initially selected filament, a stronger stimulus was presented; in the event of paw withdrawal,
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Conpl ete Freund' s Adjuvant (CFA)-Induced Thermal Hyperal gesia |Injection of
conplete Freund's adjuvant (CFA) in rats is commonly used to eval uate
conpoundswuwi2otv/gsst2ent i al for use as drugs in treatnment eCTroscaometoRsitis
(osteo-arthritis) and 35other inflammatory conditions. Signs of

hyper al gesi a develop witlin 24h (Schai ble and G ubb, 1993). WO

2010/ 085724PCT/ US2010/ 021926
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st ronger mst3 RRfamgterspr esent ed; in the event of paw wit hdravval WO
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fashion, the resultin ern osi tive and onses was used
to deter i H@ropﬁ@awmvwstrﬁ%aéﬁﬂm admiileg oy Mreowage) ot 1 Gapeie enpe dally
monofol arefing filohPme dge afbp@ﬂmn@atélvramelkmrdohMrfgtﬁr@ad;r@uoﬁwe Jchderlstudy. force
S R R SRR T A
2. 83 3. 2Body waight.ahd febdlftake Weredie®imiiedfvick wekkd. TBe b7 @ritagonist
methyllycaconitine (MLA) was also given concurrently via gavage at 3 mg/kg daily to
selected cohorts of db/db (designated “db”) or db/+ mice. At the end of the 7-week dosing
25 regimen, total growth rates (overall body weight gain) and average daily food intake were
calculated. In addition, glucose levels were assessed in mice fasted overnight.
Furthermore, blood sample analytes from mice fasted overnight were collected for
measurements of tumor necrosis factor-a (TNF-a), triglycerides and glycosylated
hemoglobin (HbA1c). All data are expressed as mean * SEM. For each parameter
30 investigated, differences among all groups were compared by one-way ANOVA with post-
hoc Neuman-Keuls multiple comparison test.
Overall, daily administration over the course of 7 weeks of (25,3R)-N-2-((3-
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide to obese db/db mice
resulted in a significant decrease in all parameters measured compared with control obese
35 db/db mice treated with vehicle. With respect to total body weight gain, average daily food

consumption, glycosylated HbA1c levels and plasma concentration of TNF-q, co-
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di st ri butwo 2dsvms®ae presented as neansSEM as wel |l as trhe/tsnenmk®?26

i ndi vi dual values followed by a student T-test (Software: M crosoft(r)
Excel). A p value <0.05 10is considered to represent a significant
difference. Due to the non-normal distribution of the allodynia data,

descriptigns g an{:#&?ﬁﬁuﬂé&é}lu o o &%b@?\%h&?gh%&ﬁ'udﬂ@ﬁﬂf él%'ﬁb% |@&ge gR4li an

val ues in or O represen reci'se nature
di stri buttrlgiypendes was not significantly attenuated y co-administration of MLA with (2S,3R)-N-2-

((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide, there was a trend
toward that reversal.

5 As illustrated in Figure 15, At the end of seven weeks of treatment, between ages 3
and 10 weeks, total body weight gain in the vehicle control-treated obese group (“db”) was
significantly greater than that of lean vehicle control animals (“Db”). By comparison, weight
gain was significantly lower in the (2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-
yl)-3,5-difluorobenzamide-treated obese (“db-Test Article”) mice. Notably, animals that were

10  co-administered MLA with (2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-
difluorobenzamide failed to show the reduced weight gain exhibited by the obese rats
administered (2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-
difluorobenzamide alone.

As shown in Figure 16, The daily food intake in vehide control obese group (“db")

15  was significantly greater than that of lean vehicle controls (“Db”). Average food
consumption was significantly lower in the TC-(2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide -treated obese mice (“db-Test Article”) than
in the obese controls. The food consumption of the lean mice was unaffected by (2S,3R)-N-
2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide (“Db-Test Article”).

20  Animals that were co-administered MLA with (2S,3R)-N-2-((3-pyridinyl)methyl)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide failed to show the reduced daily average
food consumption exhibited by the obese rats administered (2S,3R)-N-2-((3-
pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide alone.

As shown in Figure 17, (2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-

25 3,5-difluorobenzamide significantly inhibited fasting plasma glucose levels in obese mice
(“db-Test Article”). However, this effect was not reversed by co-administration with MLA.

As shown in Figure 18, (2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-
3,5-difluorobenzamide significantly inhibited glycosylated HbA1c levels in obese mice (“db-
Test Article”). The reduction in glycosylated HbA1c¢ by (2S,3R)-N-2-((3-pyridinyl)methyl)-1-

30 azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide was attenuated by co-administration of
MLA.

As shown in Figure 19, (2S,3R)-N-2-((3-pyridinyl)methyl)-1-azabicyclo[2.2.2]oct-3-yl)-
3,5-difluorobenzamide significantly reduced the pro-inflammatory cytokine TNF alpha in
obese mice (“db-Test Article”). These effects were inhibited by co-administration of the

35 alpha7 antagonist MLA.
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Neuman- KéHP@Jt?ﬁ?PW)p'P'é oEgiMpTHiptrattasheally ad f°r6°°"se®tﬁé’leé#avs f’%lﬁidﬁiyzhﬁ’rﬁaﬁ stration

over the 4g0 hﬁﬁbé?éreb\ﬁ@&*éﬂeﬁﬁe and thedbdt dbkirghvas administrated at 30 min before

di th t-3- fl
Dhese dbNe mowdsafarer daucpds HisPaalies waimaebibieds Bnewes PROFA BIREE, o
neaswised hydupactésitest Wah; appldd fot comipassonIetitdenithenD A immesizextivehicierandehi cl e.
Wth res (?I?etrtrkéx%mgﬂl:\}ﬁ[ qy<g thbvﬂ%mcle@&ﬁlrogge daily food , consunption,

gl ycosyl a asma concentration of TNF-a, co- 55
adni ni strat i ofigyfe %W%‘ateem%ﬁf@dt af (&S, 3R)FN-E((3- mdﬂtilnviugﬁth\é)tt-enuatl on of plasma

gl ucose apgyityolol ¥ SREL ﬁﬂf 3, mug%eﬁa%ef dnqlﬂ'ﬁtblb)boarc&l%ﬂéﬂfs%d B¥ferential

co-adm ni stration of M.A 23
((3- pyr i FehgPynisp Ryipumin gongiized ps| %3&)1'8‘3'[((33%3/'95‘3('33“%*33&'“ uor obenzami de,

t Eer eso(;vas;afzabuwca{m DRveEs- ﬂ) 8 BafiflubRventaide dmavehitle u@w &ingeisteredFi gure 15, At
t he en (0] S

body  wei GHPSGRIERUTROR REVeEIAEn L ebreneah. o e SaresnleE nr g e 5 ay

si gni f i calayR§ agdeainetestbiore OWAchaikenpeand the lastdosingwasadiningstriated|at 3¢ " Db" ) . By

CcO ari S
( ng R t%‘%b&%lbgt?ﬂ h’?}\#’?‘é Lﬁcgtgatr&éét !nf&‘f/zzé B Q‘i‘al ite blood cell
y1) -3, L @Pmt@@ﬁéﬁf@@&%% cqqntsa«eéadete@@@eq Oaﬁrwéﬂo rAtfPt’HV@d)bYrﬁRUEQEﬁSI\Iot ably,

?glsﬁ?l%s Ef%?a%b@e&@ﬁ%oﬁﬁéﬁtsﬁhibbﬁfe@ndt%bld\/_ A/\kﬁnhl u[mzzeg v%r]ncle fn% othe:aLr)tre??tn%ent

) -1-azabicycl o[ 2. 2. 2] oct - 3-y1) - 3, 5-
di f1 uor o} mp(%é 0% r}g\zz?@'éﬁ%ﬂﬁjﬁf’ﬁe reduced wei ght gain exhibited by the
obese rats adm ni stered
(2S,3R)-N-2((3-pyridinyl)nmethyl)-1-az&Bicycl o[ 2. 2. 2] oct-3-y1)-3,5-
di f 1 uor ogﬁnzam' de alone. As shown in Figure 16, The daily food intake in
vehi de c ol obese group ("db") 15was significantly greater than that of
| ean vehicle controls ("Db"). Average food consunption was significantly

lower in the TC (2S, 3R)-N-24(3-pyridinyl)nmethyl)-1-
azab| cycl 0[2 2 2] oct - 3 yl) 3 5 d|f| uorobenzam de -treat ed obese m ce
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azabi cycl o[ 2. 2. 2] oct-3-y1)-3,5-difl uorobenzam de failed to show the reduced
dai ly average food consunption exhibited by the obese rats adm nistered
(2S, 3R) - N\wD2(B)085724 PCT/US2010/021926

pyridi nyl ) met hyl)-1-azabi cycl o[ 2. 2. 2] oct-3-y1)-3, 5-di fl uor obenzam de al one.
As shown in Figure 17,

(2S,3R) - N-2((3-pyridinyl)net hyI )-1-azabicyclo[ 2. 2. 2] oct-3-y1)-

ovels. i n obebBH 2oy aisS 1ttt ¥Ry N2 BB MRl 2205 ot

rever sed dzgbicywloftizR]orts3- ylhﬁﬁmlﬂumqblanzaniue on % whité\blogdhcalircount dﬁiﬂgﬁﬁe&nﬁﬂ,

28, 3R I

g 5-di 12I l[:%ﬁéé%}f?ém %gmﬁb)sg&*t%gm% wﬁh I?"?egié/”am rﬂ{tﬁ I)?,d HbAlc | evel s in
obese mi C@GPIQ@MQ]OM'Q-VHMﬂuomb@nmf\ddﬁhlplﬁ \A@rq/@dmylststeéd HoAlc by

(2S, 31) - I\é'ugé.(tghdaﬁél* Siig %YJN_E J_EW r)trag]'a?rleally qufor6 consecutive days from dagl 21 Ao

30azabi cycl o uor obenzam de was attenu
co- adm nidayRasat %Q]m@ptqq@p\for ngbquengeharpq the st daging was administrated at 30

(2S,3R) - Nmﬁétééb@fweluﬂ&mbéw&ﬂdﬂwvhgéﬂ@@ﬁé}vwsﬁ 842262 TR RfdI wAite/ Bidod cell

3, 5-di fl uorobenzam de si (t;{;nlfl cantly reduced the pro-inflammatory cytokine

TNF al ph&orpt agg diferenfialcell sopptsiware dateimipgds One-way ANO Vi fpliqured Bydjugnetishi bi t ed
by co- adriedtinek l’a@ﬁlle@ﬁbr@ﬁmb&%oﬁ@eﬁle@ﬁ&% GVR @it vihide abother treatméi® Shown i n

F| gur 2 ) et hyl) - 1-azabi cycl o[ 2. 2. 2] oct - 3-y1) -
I L%?L&Beﬁzgﬁsdézqﬁ ﬁ(‘é@%l LI gnificantly lower triglyceride |evels
i n obese ni ce Refetidnbe & made tocHahgimanmpa$ehiavsetih Taleda de OshibaA eichrssarglr, ol s

“db"). T duct

(25, 3R - N5 G AR Py, NofN0% e SBihon o psva spmpopvensss i o8y | wor op

enzam de miees using bﬂanetenplgtf‘esmd!wam A Respir Ceit Cara Ms(d, MﬁA?66Pm5rrmsar y, Airway
i \ | t |,

(Fgg?grR;a_sﬁng'( 38%%?{?\8 rﬁ&?%ﬁﬁf%eﬁ%ﬁé d&&HB& AePéin WBIHhiQed AP SFaER €t a

azabi ¥y clfopr. Unigsssthengisg secified.-tag canrauod eieyided e invive testiab was &8.3RrN-possi bl e

i nhi bi ti oy(Dhyrd yBYﬁ&hﬁ?lﬁ’%Eatﬁ&EIB@@i]U&-@?ﬁ)ss b Blﬂ%ﬁﬁenzghﬁbfhkd'rocrﬁ&fﬁllewg? n

(OVA) -sensitized a Imals roup, were c ['enged by nasal

i nhal at i cﬁ?swetam%@ts&\(ﬂmaf@ums@/&w,&epa?egmm n on days 21, 23, and 25. The

m Cedwer Ie tr eﬁh@épé’&fb%h%ﬁ@c@l})@fézﬂresbaﬁegBbsé}#e%% varydac%clordmg t% and g

ridin - 1- i cyc| o i f1 uor obenzani de
D bcut anBEIAG B o ot O PPt WP o BT opSBiEe dai |y
Id 2’){/ g azzorl agihamhdcgutical darrers, 26 @ dk (@ r:gp:édf Wﬁghgﬁrﬂgﬂddﬂ?m@w%dﬁyhgg \r/negl gp
mage 11 GRSIRR, PR O Ppeted Yoot Afeisioer B iR B8 ¥ s tordiPERce
st andar d,aceadared mith ipstcticecaf tiaed praserginkgmtnnal ly (p.o.) once daily 60 mn
el O DA e i B B 1,
responsi \igseibed iededailptaefinyentian ibpotlisiteytherets. € he ebigve sletailey desotiptiaphigre i n whi ch
i ncr ez%se%ré\fhe@%@.%Q%ﬂar@%@% p@gs%ﬂghveﬁﬁ%ﬁlfr}m o8 nbiteonSued@sbh

obstruction. Responses 'to_ I nh i ne were neasured an calculated

as per certn4fimitalion ogthgdnventing. Wesifications willbgeobviousigdngse gkitedindia it end alkt was

used for meymeanidng @t 86 hvERPalk fEm\IRNd it of B iveMlonaiélintdhBe SRV iRYeR; One- way
ANOVA and 1lf?(.fnnett S yses were applied for conparison between

ost - hgc . anal
the vehi d4NI%HEPBE °ftﬁﬁaP?eé1§?%§a'5}soups. Statistical significance is
considered at P<0.05. 25Figure 21 illustrates the effect of
(2S, 3) - N- 24( 3- pyri di nyl ) met hyl) - 1-
azabicycl o[ 2. 2. 2] oct-3-y1)-3,5-di fl uorobenzarri de on % changes in Penh
response to mnet hachol i ne chal bnge i n oval bum n-sensitized mce. The Penh
response to nethacholine (10 and 30 ng/nL) was significantly augnented in
OVA-sensitized animals conpared to sham control. Dexanet hasone at 3 ng/kg
PO caused a significant inhibition of the 30 nethacholine (10 and 30
ng/ mL) -i nduced i ncrease in Penh values both in absolute and % val ues
conpared to vehicie-treated OVA aninmals, indicating efficacy agai nst airway
hyper r esponsi veness.
(2S, 3R) - N-24( 3- pyri di nyOret hyl ) - 1- azabi cycl o[ 2. 2. 2] oct-3-y1) -3, 5-
di fl uorobenzam de at 0.1, 1, and 10 ng/kg bid s.c. caused significant
i nhibition of the nethacholine-inducedgi ncrease in Penh values 10 ng/kg IT
was al so associated with 35significant inhibition. The effect of
(2S, 3R) - NCBA( 3- pyri di nyl ) et hyl )-1-azabi cycl o[ 2. 2. 2] oct - 3-y1) - 3, 5-
di f1 uorobenzam de on white bl ood cell counts/differential cell counts and %
white blood cell count/differential cell counts in oval bum n sensitized
nlce are |Ilustrated |n Flgures Y and Z respectlvely A 5|gn|f|cant
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10 nonocytes; |ynphocytes were reduced at 0.1 and 1 ng/kg SC as wel |l as at
10 ng/ kg IT. These results denonstrate that nultiple adm nistrations
of (25, 3RvONeAES?24 PCT/US2010/021926

pyri di nyl ) met hyl)-1-azabi cycl o[ 2. 2. 2] oct-3-y1) -3, 5-di fl uor obenzam de at
0.1, 1 and 10 ng/kg bid s.c. and at 10 ng/kg it. vs dexamet hasone affords
significant protection against airway hyper-responsiveness in OVA
sensitized nouse nodel (as evidenced by reduced Penh 15 response to

met hachol i ne chal | enge usi ng whol e body pl et hysnography in mce) and is
associated with significant reducti dHaims eosi nophils and white blood cells
i n BALF ¢ lis: | aCks a consistent dose-response relationship).

Fi gure 2?“?1%6 Irggeté@s(e%tlﬁe effect of (2S, 3R)-N 24(3-pyridinyl)nmethyl)-1-
azabi cycl o[ . &.cempetndd 2§, 8R)-B-5((3pyridinyh oplenr dneizekicysial292. Hnetrigds3. fn  Penh
respogse to ZQmearB@éHzgmde?F&nﬁialnﬁ&gaepnann&véad.damdaeagaaIsgmzaeﬂl;ofn ce.

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

azabi cycl o[ 2. 2. 2] oct-3-y1)-3, 5- d|f| @or obenzam de and vehicle were

adm ni st ered subcut aneously bid or diven intratracheally qd for 6
consecutive days fromday 21 to d at 30 mn before OVA chal |l enge and
the | ast dosing was adm ni strated 0O mn before MCh provocation on day
26. The Penh val ues were t 2Nrj n xe-way ANOVA fol |l owed 25 by Dunnett's
test was applied for co ison bet ween the OVA i mmuni zed vehicl e and ot her
treat ment groups. *P<O. QUA- vehicl e control. Figure 22
illustrates the effect ofV (25 3R) - N-24( 3- pyri di nyl ) net hyl ) - 1-

azabi cycl o[ 2. 2. 2] oct - 3-y1) -3, % di fl uorobenzarri de on white bl ood cell
counts and differential cell| cogynts in oval bum n sensitized m ce.

(25,3R) -N-2-((3-pyridinyl) N) - 1-

30azabi cycl o[ 2. 2. 2] oct-3-yl)-3,5-difluoro a]m de and vehicle were

admi ni stered subcutaneously bid or were gi \Pé'ﬁ Phtratracheal ly qd for 6
consecut i ve2.daye cémmundafcidin t whitays stbstaktialPfres ofitne sr hefeosf¢2RBE)-H2al | enge

avage 1l o d NErvatORRe Rl SalteRiEt sfke W PoRt Fhsalice. BGIDGR,

differential 8ipyridimintethyldrazabieyol{212. Aledt-3-{)& Swifjpokiiehzanids, bod\@8,3S)-

Dunnett ' s 35 : L i muni zed
vehi ?foe and Oi\l‘-ﬁzz¢(3-¥§?®é®ﬁ@ﬁ{hﬁgg385%1538@%6%?]8@@\)9)65 %&UO%E&% Control . 58
Fi gure 23 i3.| Uibe cemmpsind hEclaiffleant2, a$ arf 2¢] a@jition-salt,(vdepsim thetiaaigliy sadactedl ) - 1-
azabi cycl of 2. g2l &rrocrﬁory 3 methEduHERiO RGN AURidECi® ho/QdNehé giPlood cell
count and dif eregtl a , counts 1 n ova(?] bum n seﬁ’ tized m'ce.

(2S, 3R) - N- 2- ( (Irgxyrad-eRriioicAsida fralonic acid, L-tartaric acid, fumanc acid, citric acid, L-

azabi cycl o[ 2. Zyakd 85, R3m¥|4c)e1|§ac'§d (14 mbh@ieRaN Zamdidleadi - é’démn%c%eﬂﬁice
adm ni st ered 5subcut aneous were given .intratracheal %qd for 6

conse@utive dage @P&ﬁ%?aééafd%%@ - iplugyFiiararic, agid Oxlicaside DEHRUEPRK) | enge
and the | ast da&lﬂgjdm?bétﬁﬁb@blﬂttf-ﬁlbﬂhdxy@bn%dﬁmmﬂbﬂiwnﬁ)hbfsﬁmm veol ar

i1 1orential SO BOSHY AEPEOIRAPE: AR Rlelrul s~ oA P ety

Dunnett's testhevm applied for conparison between the OVA i muni zed vehicle

d h X
%gf e?fangtra |t£se% é}{m%o:]uggéﬁéﬁﬁgm\q}ﬂ E%Irg@ \%/g'raéegimoy%]i%ﬁséap&%%a A, Larsen
G, 120vin OG pwisinytasethyind-agaticyRior Hi%lacti3nd)- he-dluerehenramise ind: 2way 1.

responsi Vengsa dohh aur{oesreggcfédrﬂoﬁe u5| ng barometric plet hysrmgr aphy, AmJ
Respir Crit Care f/e 1997. Test congoun for the experinments

descri bed her@sm?’%?é]"g (@rﬁYF'S'DﬂqutW')f1r%7@blﬁYc"§§?tzl 3y difyorehenzasmider wi se
?peCI fi |) ed, Ehmoaanmumbrﬂeeva dedlate @F S%W‘até/th‘éfed esting was O ]
2S, 3R) - N24( 3 I f1 uorobe
nzam de hydro orylck 9)( 32\,&”?{11 rgeﬂa'e?-alg%oh °§°[g|§é OCt'gggg ";'%‘Y"{%Pe“ﬁ"é‘g base

f or m25 Threnepe@phate ophaydraiealr sgjvatatheredtponses observed may vary
according to @%@ﬂ@@@@l@aa.ﬁﬂwﬁm‘ynﬁaézab%@ﬁ zefotcwgn %%”Ei?ﬂﬂbﬂfbeﬁf-‘érﬁﬁé ed or

whet her there are present 20 naceut | carrier as the type of

f ormul ati on aﬁ\?”?rﬂd‘é!d@f‘yb&li?ﬁar‘ﬁ ta hydrabmorselyrigyareoTaand such expect ed

vari ati ons or (28 3R)N-2n@asridinyljrighy)esadabRycid[ 2 2 2Rdt-S)PB A @fliordbepgdadglance
with practice of the present invention. Al t hough specific enbodi nments

of the present invention are herein ibBbustrated and descri bed in detai

the invention is not limted thereto. The above detail ed descriptions are
25pr ovi dé¥¥Shs exenpl ary of the present invention and should not be
construed as constituting any limtation of the invention. Modifications
will be obvious to those skilled in the art, and all nodifications that do
not depart fron1the splrlt of the |nvent|on are intended to be included
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Clainms That which is clained is: 1. A conpound

(2S, 3R) - N-24( 3-pyridinyl)nmethyl)-1-azabicycl o[ 2. 2. 2] oct - 3-y1) -3, 5-

5di f | uor ovenaswiss®4( Fornul a |) or a pharmaceutical |y aceeptisbéio/ osmbké

t her eof . Forrmula | The conpound of claim 1, which is substantially free
of one or nore of (2R, 3S)-N- 2-

((3-pyridinyl)nmethyl)-1-azabicycl o[ 2.2. 2] oct-3-y1)-3,5-di fl uorobenzam de,
(2R 3R) - N- 2-

((3-pyridinyl ?%&%Wjj’oqb "ZZS%te or%msctratefr ‘i'vat? thgreoi -3, 5-di fl uorobenzam de,
and (2S, 3S)6. A compound, (2S,3R)-N-2-((3-pyridinyl)methyl)-1- azablcyclo[z 2.2]oct-3-yl)-3,5-

N-2((3-pyridi ; r obenzarni d
e. The conpouﬁ'ﬁuargﬁén%%%e %r g?ﬁ%hﬁgésutlg%@gg?%l&?Saﬁ;t%eﬂ;éosfgo?alq\/\#eéégl n the acid
i s sel ected fthem2BYdPRERI-0f2Se83 Sk PHZRAS) Atré3wyidimdeetwd-d: ' mal ei ¢ aci d,
phosplori ¢ achghhickelo[R Y60 8-yB-IB BNl dIbhzRRIE eithE iRdNiduahg bidn combiRdtionr i C

acid, fumaric acid, citric acid, Lnmalic acid, R-nandelic acid, S-mandelic
aci d, succi ni Ey‘é{E'B'("!F 4- acet ani dobenzoi ¢ aci d, adipic acid, gal actaric acid,

di - p-t ol uoyt - fhé edrh;afuh@ oBb@lith,6, 6arRtbiniig RES than ES%I (PR BRPN{2S, m}i dr (2R,3S)-
4- hydr oxybenzgi c benzo rsulfonlc

C h
acid, (1R 3S) Ni23 Bﬂmmg@ 'ggi( ab'%}’ﬁlalzpz-‘ﬂ g’ew %QFW&%’)"BG%F‘@’W ®43 hydrate
or sol vate t himgimiatially bhén coebiraationg bpiveighati m 3, wherein the nolar ratio of
acid to (2§, 3R -N 2-
oyt Py b R PRt caime, pontainiag less than 5% (2R AR, (338 SLERASEN;e {5 1. 2
or 1:1. A conpd{3myridiey mustiayd- f-azsakicyclo[2.2.2]oct-3- yI)35d|ﬂuorobenzam|de either
(2S, 3R - N-24( 34 Dblg'o?)hl oﬁ%ﬁr@‘bﬂ -b%“%%ﬁpl cyclo[ 2. 2. 2] oct - 3- y1) 3, 5-di fluorob

hl or1

enzam de nono- h or a rate or solvate there

(2S, 3R) - N- 2%( §h@9qmn,qun9 P Glaitnfy p9ntqm'a9 less hae RH @RBRY éi?c'*?t?zsaL 91§2R33% Ni 1 uor ob
enzam de nono AR Rneiyl)2 - SaBIcd 612 2 12)0e 0By BB S-diflRF d_hzamide, eith

(2S, 3R) N 2- (fg@@’n 5":’&% )yn)e c?(gé-iazag)l cy\g of 2. I2 2] oc%an; illei e?[ 5-difluoro
benzad®i de rmonbdmdHgly W’E’i’@&% yivelghhydrate or sol vate thereof: and

(2S,3R) - N- 24 $h@&6m;58uﬁu bb &8, ontdining ®lss e l19{ RRARY], (3, 3§r )63-)2R33$-N1I fluorob

ggﬁg(r)lrjlnge 602 ((3epyr|dmyl)n¥ethy?)x1y gz%rll)lzcego[g 2%50c?3—y¥% 5a cslf?uo(r)cgbeﬁgarh/lg { eelther}er eof. 6. A

(2S, 3R) - N- 24( thdpiduaitdi i gomeiriayibn), -bymrgabl cyclo[2.2.2]oct-3-y1)-3,5-

di f1 uor oben de or ti c R cont ai ni ng
| ess t han 2 ﬁpg‘ﬂ}ﬁzgg%%m%ﬁy PYTEHn Yb%‘ﬁﬁ}é’g? K@g?y?@&a%/ ]O%fh‘ﬁf/ %ret hyl ) - 1-
5azaldiocycl of 2dmué}])bm1za®|dyl(ﬁermua-lljorfd pharodrentically akeeptablelselt mere@f vidual ly or
in conmbination, by weight. 7. The conpound of claim®6, containing | ess than
15% (2R, 3R) -, (2S,3S)-, or (2R 39)- F

N-24(3- pyridi nyOret hyl ) - 1- azabi cycl o[ 2.2. 2] oct - 3-y1) - 3, 5-di f | uor obenzam de,
either individually or in conbi natl ong” by, wei ght. 108. The conpound of
claim®6, containing |ess than 5%N( 2R, (2S,35)-, or (2R 395 -N
2-((3-pyridinyl)nethyl)-1- yChe oct - 3- yl) 3, 5-di fl uor obenzam de,
either individually or in qonpijnatipn, by wei ght 9. The conpound of claim
6, containing less than 2% (&R 3R)-, (2S,35)-, or

nzam de eit her 15i ndi vi dual | y @r~n conbi nat i on by wei ght 10 The
I

conpound of claim®6, containin e than 1% (2R 3R) -, (2S, 3S) or

(2R, 3S) - N24( 3- pyri di nyl ) net hyl ) >4~azabi cycl o[ 2. 2. 2] oct - 3- yl) - 5 di f | uor obe
nzam de, either i ndi vi dual | y or in conbi nati oRgrmma Iwei ght . 11 A conpound
(2S, 3R) - N—24(3 sq'k’rg—%hrm}' %%""}e azabicycl o[ 2. 2. 2] oct-3-y1) -3, 5-

20di f uoroben%’ of a pharmaceutically acceptable salt
t her eof FotarAl pelyimorphic form of a compound (2S,3R)-N-2-((3-pyridinyl)methyl)-1-

azabicyclo[2.2.2]oct-3-y1)-3,5-difluorobenzamide hydrochloride characterized by an x-
25 ray diffraction pattern comprising one or more peaks within + 0.5 degrees 20 of the

following peaks:

61
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which is substantially crystalline. 12. A pol ynorphic formof a conpound
(2S, 3R) - N-24( 3-pyridinyl)nmethyl)-1-

azabi cyclwp2ov@fnat - 3-y1) - 3, 5-di f| uor obenzam de hydr ocriconisde0/021926
characterized by an x- 25ray diffraction pattern conprising one or nore
peaks within 0.5 degrees 20 of the foll ow ng peaks: 20 8.4 8.8 11.9 13.2
15.2 16.0 17.6 18.4 18.9 19.9 20.1 21.3 23.1 25.4 26.2 13. A polynorphic
formof a conmpound (2S, 3R)- N 2-( (3=pygidinyl)nmethyl)-1-

azabicycl o[ 2. 2. 2] oct-3-y1) -3, 5-difl udrobenzam de hydrochl ori de
characterized by an x- ray powdef difgigaction pattern that substantially
corresponds to Figure 9. 514. Use-—ef esco..aound of any one of clainms 1-13,
in the manufacture of a nedicament f&9S the|treatment or prevention of an
a7-medi ated di sease or dysfunction. 1b9 A pethod for treating or preventing
an a7-nedi ated di sease or dysfunetd Sty eoAPpri sing adm ni stering a

t herapeutically effective anount | of é'%orrp bund of any one of clains 1-13.
1016. A conpound as clainmed in any omg2of ¢lainms 1-13, for use in treating
or preventing an a7-nedi ated di seasesof eiysf unct i on.

17.6
18.4
18.9
19.9
20.1
21.3
23.1
254
26.2

13. A polymorphic form of a compound (2S,3R)-N-2-((3-pyridinyl)methyi)-1-
azabicyclo[2.2.2]oct-3-yl)-3,5-difluorobenzamide hydrochloride characterized by an x-
ray powder diffraction pattern that substantially corresponds to Figure 9.

5 14. Use of a compound of any one of claims 1-13, in the manufacture of a medicament
for the treatment or prevention of an a7-mediated disease or dysfunction.

15. A method for treating or preventing an a.7-mediated disease or dysfunction,
comprising administering a therapeutically effective amount of a compound of any
one of claims 1-13.

10 16. A compound as claimed in any one of claims 1-13, for use in treating or preventing

an a7-mediated disease or dysfunction.

17. Use of a compound of any one of claims 1-13, in the manufacture of a medicament
for the treatment or prevention of a disease or dysfunction selected from the group
consisting of:

15 i) pain, including one or more of acute, neurologic, inflammatory, neuropathic,
chronic pain, severe chronic pain, post-operative pain, pain associated with
cancer, angina, renal or biliary colic, menstruation, migraine, gout, arthritis,
rheumatoid disease, teno-synovitis, vasculitis, trigeminal or herpetic
neuralgia, diabetic neuropathy pain, causalgia, low back pain, deafferentation

20 syndromes, and brachial plexus avulsion; |
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17. Use of a compound of any one of clains 1-13, in the manufacture of a
medi canent for the treatnent or prevention of a disease or dysfunction

sel ect ed Wwoamwdss72gr oup consi sting of: 15i) pain, i ncl udipog/use@ooei1®r e of
acute, neurologic, inflamuatory, neuropathic, chronic pain, severe chronic
pai n, post-operative pain, pain associated with cancer, angina, renal or
biliary colic, nmenstruation, mgraine, gout, arthritis, rheumatoi d di sease,
t eno- synovi ti % i r betic

neur opat hy paﬁ) ?ﬁ%‘tg%}l%sgﬂdn}'ﬁég‘gegchgagmqwehg‘ ?#elggneeﬂ;ﬁ}aét@ghg’@bg{e romes, and
brachi al pl exus a\mdalbtu@rw d@QeﬂNDeQ@D@thYJBS?MPCT/ US2010/ 021926 ii) met abol i ¢
syndrome, wei gt Qﬁﬂ:ﬁnmé%ﬂ‘%néludihf&f’etcﬁ%dﬂ@bﬂdsBHa%as bMtR%a dindlbaRedgs mel litus,

or di abetic neuropat 111) tion, 1ncluding one or nore of
psoriasis, asthma, 'dlaPﬁ@PBE‘mOQ?R%'P@S'Si ATBYFANG CUtSTRBIMALGN.MSEiassi s, chr oni c

and agut e infl amvedidefoxeriaofdul sicste &mw@mmeagoumnwamrmspseudogout
acute gouty arthr id.arthritis, osteoarthritis,

t
allograft rejecti ifhe”rﬂ‘???'gﬁi%"t{s %%%oﬁptg @pl@&rﬂg lon Y NRIrasPARY oscl er osi s,

nmononucl ear - phagoo’gjeetlaﬂleaﬁmderathdrm@rosm mbyonlmberpptmgd@ﬁtermaépehdmtluugr oni ¢
obstructive pul nonar rome, acute
chest syndrone in " %’k%@ggggﬁna&? !éllsog'C%ngrcl nf quch ﬁ)ér §e % a\épﬁjdi sease,
Crohn's di sease, ukspmmaitry distressisyndreme, acuteeheﬁhsymrgne ln§JckarEhtl dieease,

stomgpi tis, pouchi Ma?nm&hlg%‘égvgllcﬁ EQé]rdr(anss dléeHQéJ%lc%Fa%Oé Lditis ’acﬁtgr ombosi s, and
graft vs. host reaction tiron, 1ncl one or nore of

age- associ at ed rrerﬂb‘pkanglhﬁ)@phtﬁ@lmStthﬁtltla n@gghﬂsa Qb@ewﬁpﬁ‘aphflﬂédvpuspr e-senile

denenti a, earl Y ong@hritfd. Fb&ﬁg@grs andlira® S Rost IR LRg denent i a, derrentl a of
the Al zheinmer's type to noderate denentia of the Al zheimer's type,

Lewy body den®ht i aCOQO%{%'bLﬂ%d"Gé’Hﬁﬁf mgre ofpgerassesinted manaarympairgepioild Al DS

dementia conpl ex, hi@gd irrib@mﬂ@rft' &blseﬂle%@ﬁﬁﬁtra edfyl 13bi ArheiifdrisGidease,
hyperactl vity diso renia, schi renj form di sorder,

sI exi a, i h
schi Z8af fect i ve dl%eﬁﬁ%ig? ’E'ngﬁ“'ﬁ”%°db? g@F '@eﬁ%t%é‘a'ﬂ%%&sﬂ?fé a, and
cognitive dysf unctdemenmosméma@nhkemtype LGy bédynginientla, fvascular damerta, or

i di f
Pher apeut cal |y et R/ Sambtm cafe: ATRE R PPk PUEREN SR i s 1- 1
yvher _el n the di seasmsanderdgt&ht:mtdeﬁanhwefaeu\mdlsb:rderrldym'aglsdtqbpbmn'mi sting of:
|)pain, including é&ﬂ&o&{rer%hﬁd%rd%gérﬁmaﬁ&‘ﬁl}é’hﬁgﬂd& c&éﬁ. t.bé‘HEWc oY

neuropathlc 25chron erative pain, pain
asso@ated with caawepphramgmd cogrativa ldysfundjpm inaﬂoplzmﬂrema rrenst ruation,

m grai ne, Ahm@t*hB@fo'r trbating olﬁﬁllé(}@ﬁtiﬂbq d@eﬁ@@&%ysfhﬁéﬁ@n LHRPHbiRG S vascul i tis,

trigem nal erpetic neural %@ dirabet 1 ¢ neuropat hy pain, causal gia, |ow
back pain, deﬂ‘i’f"@\s@ﬁt‘%ﬁ therarey Hm@tw%ﬁww %J&HOQPOBF%Rf@YaO%PfSQ'%S

30i i ) met abol | 6-13 WheFeii e dlé@éﬁhir dg@uﬁmﬁ Sehttdd fEBnﬁ@t@tg@cﬁprBéhéléthg%f type I

di abetes nelljtus, or djabetic neuro amat i on udi ng one
or ore-of psbr i s MELBRRene of HEie st aFat setblobicchBaEIRID BHTHEARTy
fibr@sis, chronic conshiegeaih sevené blarrmabauorpospmratme pain, pErdadsociated aith gout

acute pseudogout out thriti rheu arthritis,
osteoarthritis, al 7385? a?r?g'n% ye@% 6’A‘a'1‘/c°§ﬁl KN c a&%sfﬂ %%&ne jngc?ﬁhrg'ﬁ ast hmma,
at her oscl erosi s, nrbammtolldehaeaphmg\ofsymcmtdepemasntngenmyl 6cherpific

2010/ 085724PCT/ USZ%%&%%M neuropathy pain, causalgia, low back pain, deafferentation

syndromes, and brachial plexus avulsion;

(

30 ii) metabolic syndrome, weight gain, type | diabetes mellitus, type Il diabetes
mellitus, or diabetic neuropathy;

iiil) inflammation, including one or more of psoriasis, asthma, atherosclerosis,
idiopathic pulmonary fibrosis, chronic and acute inflammation, psoriasis,
endotoxemia, gout, acute pseudogout, acute gouty arthritis, arthritis,

35 rheumatoid arthritis, osteoarthritis, allograft rejection, chronic transplant

rejection, asthma, atherosclerosis, mononuclear-phagocyte dependent lung
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injury, atopic dermatitis, chronic obstructive pul nonary di sease, adult
respiratory distress syndrone, acute chest syndrone in sickle cell disease,
i nf | ammatwoyrotynssi24di sease, Crohn's di sease, ul cerati vePcColtstés/02meat e

chol angitis, aphteous stomatitis, pouchitis, glonmerulonephritis, |upus
Snephritis, thronmbosis, and graft vs. host reaction; and iv)cognition,

i ncl udi ng one or nore of age-associated nenory inpairnment, mld cognitive

i npai rment, pre-sep l@h&{ i se, senile
denmenti a, demsntl anjg#y ?ﬂégﬁ\gﬁa@}usﬁg?{o@ét&&ﬁﬁﬁvﬁ} aw&s rgta?%gerrentl a of
the Al zheiner's typmlratmsmyyMMtacate cb@%émdmm%l@mhleu%" disgpsezhei mer' s

di sease, stroke, Icﬁ%ﬁ% @Fohn@&@e’é&é QUtefiftile Sditis, deser der ,
attention deficit erac | Vit I sorder, dyslexia, schizophrenia,

schi zophreni form d¢h9 aidis, apb@ﬁ'ﬂsz%%{f‘@té'é»tm‘/'éh“éﬁ g'emwoneewﬁﬂ PUPe deficits in

schi zgphreni a, and,&aaR, ¥Hréﬁﬁbdilé5£dﬂ'§?‘!hﬂt0§ hb&t r§é‘ohbri@ﬁbr eni a. 19. A
conpound as clained in any one of use in treatin

aing 1-
preventing a Wbdi s“é’&§@°'bﬂ“%§\glﬂ'?6t°f B‘H'Wép%??ﬁofﬁ%dd?%%gnp&"ma% 8?10“ on
sel ected from the ggfitipe RpaBingitt] preg-sehile dejneptid, Rarly srsktlzmemersaliseasayor e of
acute, neurologic, ipflammato eu I chro evere chronic
pai n, post-operati ?Fé‘ﬁ‘ba?%ﬁaﬁg%ﬁeé’ggB{:tﬁggfége'&}bf%tye%n%c@rtgmgﬁaﬁaﬁea renal or
biliary colic, mengdnientihiobthe Alzhgimer'siype dewy body demmentia,s/as@lar idemettaoi d

di seage, teno-syno Elé)egr%%rsvfée%gé sErbl?e‘ A?ﬁé gﬁﬂér@g‘lcorﬂhle?%hgr? hGefigur al gi a,

di abet’i ¢ neur opat h causal erentation
syndronmes, and br adisoraér, gteakmdmmhmemtlwﬁyld)som aygexia sghiFaphiama, wei ght

gain, type | di abeéc‘ﬁﬁpgﬁbllnl‘o%‘l%lso d)ép‘gc dioaﬁé&b@ﬁﬁgrdgp%drﬁﬂéé defiits i abeti c

neur opat hy; 25iii)in mvat 1 on, Inclu one or nore of psoriasis, asthma,
at her oscl erosi s, i gthizpehrani, ammwn@ﬁdwsfpmﬂeainssm@m*mﬂ'% and acute

inflammati ofy ARSHpbGR %clﬁrﬂ@fn%?@h@of S 1- 1@(316? @seﬂﬁ&éﬁﬁ@@#brevéﬁlﬂgﬁ 90Ut y
arthritis, arthritis, rheumatoid arthritis, eoartgld&tls 8llog
rej ecti on, chAtsarse o dusfunatiomphereindag dissase 8"5?31"? ctiogyspiecied fpy the protp

nononucl ear - pigesndibig 6f: dependent | ung 30i njury, atopic dermatitis, chronic

obstructive pul nonary disease, adult .respirat d| stre ndr acute

chest syndron® in gql%knc@dggqne@ir DRy acgtﬁfr’egwx@c nfjamg W'&F@@%@éﬂ? Crohn' s

di sease, ul cerati venrémit pihSevére ch@niclpainppugt-bpesativa phingpais asoaaet with s,

pouchitis, glorrerulone hri.tis Upus nephriti hr i raft VS.
and %‘@FR??E%% réf']ak)ﬂ'ﬁ)' 1Rl St?'%at'g "?%%% %?Ut Wtk

host reaction; 'age-associ at ed
menor3o i npai rrrent rhelindtotodiseatse, \tenoi-sypaiitisrmst:uhtlprtegemmlIoehdeﬂt@nt| a, early

onset Al zheiner's Hétfrglalgediaée#'cnéﬁpbéﬂﬁ(ﬁ% %Wkgamoéeahg\%ntﬁ{&he' mer’s

type, mld to noder s type, Lewy b
denenti a, vascul ar syhdrasmesi and bxpettiad plesys aslul§|0§ease stroke, AlDS derrentl a

conpl ex, attenyion,@dehbid éyn&tb%@r\ﬂégm gaint P | AEb&S hafitlis, ypRar didcasi t Y
di sor der dyslexi a, schi zog reni a, 5schi zophreni form di sorder,

schi zoaf f ecti ve di %F'H@ror i 1qURPaHWF i cits in schi zophreni a, and

cognigg ve dysfjynct Inﬂé}nmatlcﬁpmm&ﬁbbﬁé\br&no@@f ps%nﬁh@,raﬁmﬁﬁu‘amémbclmﬁ’ﬂoy tion
conprising a conpo

phar maceutical | y a@@@ﬁ&%”ﬁx%ﬁfyrflbéqs's CHIONE and a%’ie '"%%?etf?desc?f'a%%hanm ng
acet yl chol i ne- i nduesdbtexerize gbutcanute pseudugoatr atute gduty antfgitis rarthtisf f ect i ve

amount of a conpou n%umato?d%thﬂ{?f ogtfeogrtrﬁiii%"c;g'réf?rejecﬁoﬁ\, chronic transplant

rejection, asthma, atherosclerosis, mononuclear-phagocyte dependentlung
30 injury, atopic dermatitis, chronic obstructive pulmonary disease, aduit
respiratory distress syndrome, acute chest syndrome in sickle cell disease,
inflammatory bowel disease, Crohn's disease, ulcerative colitis, acute
cholangitis, aphteous stomatitis, pouchitis, glomerulonephritis, lupus
nephritis, thrombosis, and graft vs. host reaction; and
35 iv) cognition, including one or more of age-associated memory impairment, mild

cognitive impairment, pre-senile dementia, early onset Alzheimer's disease,
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senile dementia, dementia of the Alzheimer’s type, mild to moderate
dementia of the Alzheimer's type, Lewy body dementia, vascular dementia,
Alzheimer's disease, stroke, AIDS dementia complex, attention deficit
disorder, attention deficit hyperactivity disorder, dyslexia, schizophrenia,
5 schizophreniform disorder, schizoaffective disorder, cognitive deficits in

schizophrenia, and cognitive dysfunction in schizophrenia.

20. A pharmaceutical composition comprising a compound of any one of claims 1-13

and one or more pharmaceutically acceptable carrier.
21. A method of enhancing acetylcholine-induced current comprising administering an
10 effective amount of a compound of any one of claims 1-13.
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