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25  side effects which can limit the utility of a particular nicotinic binding compound as a
therapeutic agent.

The commercial development of a drug candidate involves many steps, including the
development of a cost effective synthetic method that is adaptable to a large scale
manufacturing process. Commercial development also involves research regarding salt

30 forms of the drug substance that exhibit suitable purity, chemical stability, pharmaceutical
properties, and characteristics that facilitate convenient handling and processing.
Furthermore, compositions containing the drug substance should have adequate shelf life.
That is, they should not exhibit significant changes in physicochemical characteristics such
as, but not limited to, chemical composition, water content, density, hygroscopicity, stability,

35  and solubility upon storage over an appreciable period of time. Additionally, reproducible
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Solid salt forns are generally preferred for oral fornulations due to their
tendency to exhibit these properties in a preferential way; and in the case
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conmpound as herein disclosed and one or nore pharmaceutically acceptable
adj uvant, 15carrier, or excipient. In one enbodi nent, the pharmaceutical
conposi t iwo 2buwachap conpri ses one or nore additional thecapsea0oc@gent .

One aspect of the present invention includes a conpound
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phar maceu@d un@ 84TREISin ldiseRdsEdD4TIr dngioh ehoRdifanhsdetidalgacceptable adjuvant,

& bhal e Lo Pt Aot PR e et R SR kel Rl o 2200

pg/ kg. | noridwe nespaiditisnsithdrapedtiodgenent s, anot her enbodi nent i ncl udes where
the (R)-3-

S((B)-2-(pyrr O(?neaa SHG%OVBE\B/FGS% 'n\faent?n 'P?I%t e§8rc %rB Oruggt i(E) % §P rm“d? %e is
provi ded @winyhé-(tetrabydropyremtdaylexy)dyedine gaherbtnaalate of h@%aﬂa@wratepr oxalate

di - p-t ol ugyd; g%lhﬁﬂ-ﬁtg&r%testg bset zﬂearrﬁ lcant%rﬁpﬁthr%ﬁtllﬁsé)ﬁﬁﬁ rhd¥diig@sorgaV el

i nternedi ate tert-
but ox¥e&ar bony| Aneiher ashegi lnclgd%$|a)mgth fé)f gne treatment or prevention of a NNR

E % g EJZL ﬁbggtga%&mr @@ﬁ&emplammming% Amamihal Feleed bfsih itdatriedt, ta-R ;aug yl( ,
X -
10i odoet hV‘%ﬁaﬁ?‘l‘ttycét'lﬁ ?ﬁeﬁté’efnl%'%%@ -3it(E)-2- (pyrm%")&ﬁdsﬂ@fj) ié%téag‘t/é%ﬂgéuées a

net hod of yiggkiyaginé B) a gdrinacalitiCaly bt @ptabiersal nketfny 1) 5-
(1ot amyar ony” Aty YR BUGL5R e et HOEL | L AT RALPY Bl o7 e
(R) - 22% 1- (t¢teahiydriopyrancy-gaxipyridinemy larpbtannchCﬂut@allyydC}?malilmwait theredf,inther t - but yl
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In one embodiment of the aforementioned compound, method, or use, the disorder
is selected from the group consisting of CNS disorders, inflammation, inflammatory
response associated with bacterial and/or viral infection, pain, metabolic syndrome,
30 autoimmune disorders. In one embodiment, the CNS disorder is selected from cognitive
dysfunction in schizophrenia (CDS), Alzheimers Disease (AD), attention deficit disorder
(ADD), pre-senile dementia (early onset of Alzheimer’s Disease), dementia of the
Alzheimer’s type, mild cognitive impairment, age associated memory impairment and
attention deficit hyperactivity disorder (ADHD).
35 Another aspect of the present invention includes an administration regimen of a
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153- ( 2-i odoet hyl ) pyrrol i di ne-1-car boxyl at e. Anot her aspect includes a
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(R -2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yl)malonic acid, tert-butyl
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ﬁdos i?eﬁﬁ/gﬁyrf%i gﬂﬂcg%\éxﬁﬁst atistically significant effect was observed

out to 8h aft@motlmsaspgct mcludesaméihgipfwakmgéﬁl -3(E)-Rdpyutoligindfy)Radl-2 Arm Maze
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t her eof , @dteﬂdm@ymrbwbmr@mwampl@n@tm Ré21(héf%—é om@ﬁrt@m'@yirﬂ'dtrh% radi al
arm maze. v P ddrd telHeo‘iﬁ)Fl Flibts' @Ehy@ﬁ:fwahﬁ)'p?rﬂﬁudme-1 carboﬂﬂ@tef Ad eMibig! (R)-
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parti &l a¥ (%@mtfev@equu@n@ﬂﬁarb@xm}? specifically defined, such term shoul d

not be Conib isel(r@ﬂwe(tj BshRtl indllids aRAdth& of rﬁéﬂn@&erﬂbtﬁiyl%ﬁ?dvm@h‘rdﬁdhgﬂ; r accept ﬁd
meani ngs used here erm"co used to mean the
free bgsecqf?ﬂ"%lf’tedeHSF Hﬁ?rf'\?g'la?y ofpne of WnFo#rCHe&?y} R &
(R - 34|( E) l?lRm(ypa/rderfyl p;dtolﬁduBeWalmyiét)e B2t (e teat vy thixpgaytoap) pyrolidimP-ghymaldnin e

For mul a n arent.
gl'hose skl?ﬁ)deae'fﬁﬁﬂﬂ%)g f h%@wetﬁ@ﬁgﬁ%ﬁglnte b-%a?&:txyngeu?%ﬁtert%ﬁg/w Z(rEJgnce As

used 2er eiodgethiviipyrptidingd-cagroaylataceut i cal | y acceptable" refers to car r| er(s),

1501 vent (51 SEHePhERE(RINAE oAbihod G AD (R12(EPTRAMBAIE FRRA. | Lhat

are conpatible wt er | ngwedl osition an
del et er i otgirahydropysan-yiomneviidings wiityespeshioreemene (Ra3- (éb%fﬂy{;rp‘ﬂq"b?rw %@")used

herein, tH@eRiHy8DByraRARIXRPHHiACRHd (Q)-89L (pyFrEIfafl-SylfvihyB-sC@IRAYISLYPAN-4-
yloxy)pyridine, by conversion to the oxalate salt and re-generation of the free base.
25 Combinations of aspects and embodiments form further embodiments of the present

invention.

Brief Description of the Figures
Figure 1 depicts novel object recognition (NOR) vs. dose for (R)-3-((E)-2-(pyrrolidin-
30  3-yhvinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof, hereinafter referred to as
Compound A. A statistically significant effect was observed for doses as low as 0.004
uMrkg.
Figure 2 depicts novel object recognition (NOR) vs. time for (R)-3-((E)-2-(pyrrolidin-
3-yhvinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof, Compound A, a dose at
35 0.004 uM/kg. A statistically significant effect was observed out to 8h after dosing.
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conposition of a standard suitable for use as a nedicine. Wth reference to
t he di scussi on 20herein, pharnaceutical grade conpounds of the present

i nvent i onyoparwassubarly salt fornms thereof, display approprisate/opsooperti es,
including purity, stability, solubility, and bioavailability for use in a
drug product. Preferential characteristics include those that would
increase the ease or efficiency of manufacture of the active ingredient and

its conpositiaon,j [ rthe maceut i cal
gr ade ggrrpoung@dg?ggﬁ&t%?éeggggn F%g ﬂlv\é'gvg %{)Sﬁ essy)'ﬁf”hng @e%lagg ng a
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"pharmaceutical conposition’ to a conpound of the present invention
optionally adm xed with one or nore pharnmaceutically acceptable carriers,
diluergs, or excipients. Pharnmaggiiled®es@ipsi tions preferably exhibit a
degree 300f stability to environnental conditions so as to nake them
sui t abl e PPIYRNSUf act uri ng and conmercializati on purposes. As used

herein, the tgh8%olloRing %6ﬁri|ﬂ6ﬁs @F@Hé‘ént to clérfﬂﬁrbaiprf‘dﬁnhﬁ tRETRHAS defin@d, iraf fective
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t hus resuhdafun@|met|eérftemasafreupécewmrﬁth@"nawept%atrmeeamgent of a disorder.
Preveption of the?gbgord be man(l f,est

2010/ U65449PCTF PHe 65%”‘ FUTRAPAGRh may e&%‘b@é&%%‘dﬁg fee P??@V\?W%BFder as
wel | as tdtternatisbyt acéhit tohe osm)m(ﬁw)sz @gsdidined-gyir) Bhtetrbeyctdmp?wnder Tr eat ment

of the di r 6 i,m natio synpt ons,
Tt ot - RSy 'gﬁrﬁg’%‘ﬁ °’%§§?@§’8 pict P be éec?FéVe?ppaéeé‘PmﬁPPe as any
ot her corskilledinttherart wi bewela/teﬂlstIIMIShgﬂa)dlfferhrezepat| ent. 5As will be discussed
in nore detail j , atistically
signi ficant eﬁs&%{a&’}‘i’gﬁéo ggré/ﬂg%gee ﬁéﬁﬁ&ggﬁ% I)F!aﬁéeé'bfa%leléﬁfﬁ tg]pa eﬁ%?tul al, or a
phar e e fHilHenk(s). weipierifs) abyal faraistof theeomppundzaf Fogmulakthat aye somppatiels, withnc | udi ng
ef fect s aRsSaharradthtstoPth8 cBmpadsiien afit ngter;BU?to%J r%@nblbt‘(t%f figse can vary,

dependi n on factors such as the condition of the patient, the severity
of the s%‘?ﬁ mAcgutsel GOMPodilidLr der, and the manner in 10which the

phar maceut i CaIAs(E@éﬂJlﬁé?élhltﬁél phr&s@%ﬁhr’ﬁia‘ébmﬁfc@lcbrad@hkhﬁfers@&a U§BEbURBIEI N, the
effecti ve dose er enbodi nent Iess t han 50

ano
ng, in aﬁ8m8?'t'°é1rf%8cf?al?gﬂrfj Sluéarskze fPh%‘ﬁ‘? W ’Hﬁd'c"&‘? \}Vﬁh HiERS O MAHRAURRR | ess
t han 2Dng. heﬁrremamfabanbal\geamomq@maielpyesreennmem phhiculamdanforadm ni st er ed

i; AS Eggghﬁgggtﬁgplayoﬁgﬁ%ﬂ% r(?pertl g%ucf Sggqsl.in g?s&llt?tssﬁﬁﬁq é’ﬁ{ tP|§av2ﬁq?Qpr eri od.
purity orforgisedn a pivglpratiust. @fe‘alteehal phaiacterm/@s lpcledeethasml thatgveadu iscreddecthe 30% and
more prefgeaby éfflcgén%ﬂ)%aﬁﬁ%rég?/ﬂ\é%c@e &T’?én?ﬁné mQﬁ iy 60, 70, 80,

or 90% clgallt or urltg he term’ st ned ereln i ncl udes
cheni cal 85743l dirgprefust ivgheimere PQ?@WW"F?‘ QTW@PPH@SmﬁfWeSB@hem cal

st abizsi t yrivehtil iglese éyhfheﬂ@éo&iﬁdgad stér@oéﬁe@iﬁ@sﬁﬂe”s@ tiedt ist de8IaBRHAY Bgd-ON i n an
i sol ated f har maceuti cal conposition in which it

is provi &8%3 %dHﬁWﬂWeg W&'W"’EWQPW&&%B‘FI%W’I%}E%C%N able carriers,
di l uents, exchpiused ereinr thedpunv ginbamaceutidal asmpdssutam edfals td@So@gﬁ)oﬁ@dﬂﬂ SUCh as

a tabl et cans n st or age ditions
ter‘nveﬂ{lort t’uél
i nsi gni £ ca'?{'ﬁg egree &ﬁ'ﬁ) eﬂnH gﬁ&,ghg}{l ol or pggrg% Q Iy greePLR the
phrase " $alriees. §t'e€tﬂéﬁ gamnmlﬁmty Pharn@k:aaesl cpmeopmmeferbbly exslita degged t s of
30  of stability to environmental conditions so as to make them suitable for manufacturing and
commercialization purposes.
As used herein, the terms "effective 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

35  treatment of a disorder. Prevention of the disorder may be manifested by delaying or
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25the invention in an isolated solid form or in the formof a solid

phar maceuti cal conposition in which it is provided in adm xture with

phar mmcewoDcaldopsagcept abl e carriers, diluents, excipi eRC3/USOH09A6§0aYant s,
such as in an oral dosage form such as a tablet, capsule, or the like,
under normal storage conditions, with an insignificant degree of solid
state transformation, such as crystallization, recrystallization, solid
state phase transition, 30hydr tlon h i i -

desol vat | GRventing the p@?&%?ﬁ'loeg}/tg? sy gﬁ' %lggr @589%38563% \é@ﬁ@%ﬂ'i‘gf‘ﬁ & %ne or
more of twitiptbe disonders Todatbentwitoe msememndeﬁeniestqﬁrtyfa@@tﬂaye petliraton C and
40 C and f Libh Sftne Gid6iBes el £ 4 o ©
pressures&ﬂ(%;(ﬁ-%%t%g 'ﬁﬁ'ag&}iorarg% %]Eatbg feg 'grgit ?/ At gt n%spherlrg préssure
relative mwbmuwo@fewtnmmf@emme%% preferably 10 to 60% and
35expagur e tOA%Q&?w)éJaﬁs&rsséoqﬁ%\o?é A& Beicw Qioew.{memencéqm irgb onged, peri ods,

such as greater than or equal to six nonths. Under suc condltlons salts

of the i nﬁﬁ%tﬁf@adihS'ﬁﬂ?‘:%éeff%h'ﬁd’b%%veﬁefo’l qoses piHa7 cHIROURE PEFBMYRdr YR v | ess t han
2% and esRarhlticaly §&§ptbb|a@allﬂfere@h@m@@éé wooﬁqgn/agiemtwingmaapb@mhd or

solid statetra f or med P\%fg)late The s son thappremate
that the YHHRAD ‘T’ftqoé'H%dTrﬂFp?féF SP GHLYATY: OfiRG 'n%’lpoT ésr%lfcﬁnlaé oressure,
and 5rel addnum‘ombﬂ’fhélpétbéntr eprses@m ofabd syermramobf thodisatersarar tagenacoerdi t i ons, and
t hat ert 0 ons of these tre i durin
nor ma 05t thé ?’Ea@ac% Uil GRIpasipnds 84<m'§'5g%d ‘”r'gﬁ ?’éesés?ﬁ?rglﬁptﬁ ¢ 8&%?@%). )
As used hnm“selniay biehessttieamm 00dngs @ atetHer emhd)damsntﬁsattm Brrherimesdherneans any
condi ti on rﬁéjnnc]?esg%gh 18%%0?%%?1&@15%&5%%&% L {3 Wﬁt HREEPIHRE RCT T Vi ty.

10 Conpou "HH% ese Irnvention relates to
(R) - 3- ( ( B)osBs typigallyokprdseant e apiouni aﬂymr)lstsne@taetarsmieomgwaﬁoae Q1 BR®) pyri di ne
(Formul a Jic)se%drﬁn@%?%cﬁaféﬁé@hﬁ% accept able salt thereof. 15Fornula | As

will be appreciate ose sk | in the art, different nam ng

convetft i ons nelp %&%ef&'nctﬁ'ﬁrﬁ’ﬁ[ﬁ‘i@l %Pftﬁ%tfa&ihtof puffigigty qL@BWp%{E'%orRUF?ay be named

(|R% 34( tE) .nau&égxgréRé@érltﬁiérﬂzo% Wérlam})greaferma«atsoamdd mmer@afefhbwlgbwérnwn di ne or,
al ternativel -o-

roQ

((tetrahy®f’® ‘?Q-I-%‘iﬁi%{ﬁ g %)%?@)ﬁﬁy?q gpncggoéébjgﬁal%y %pHﬁtyconvent i ons shoul d not

' ﬁeuigﬁpéﬁn30'C)Wé?m?bm?bi?“éw%hgehg'e?d.s?gmwa'abmy oAt hereof 1 5

subst ant i PP plets the e Hﬁ@ﬁ%‘ C@ﬁ'ﬂl‘}gli Y Ir}chge%{gﬁﬁgﬁﬁﬁang Se{?rg ARUT Jz)ifttﬂé or a

Fgﬂ gﬁt%:ghtémbda n @amécabha, & nhetfdrmrcéafpharsnaa;amalaummpasntugn if mdish dtfis y |
ridine. In

one enbod?rﬂ’éﬁ‘%)&/' xgé?r}')vc%)ﬁ R%"R &ﬁ% ng anlb%%qre%ow&ﬁtast %%:'{p(?é%? B

accept abl adjsahts, $ucbrre df an gralgloesgeforn, rsuetnaSaartabhat CSPS%QUUWGY@/OUDvavel ght

?g;mgz?% 6<g[nfl stora%? CCH‘IdItIO%S wnt51 an lns%nlflgan{)de ree fy chregg)?lr%er?r%lag}?noc))(r yri di ne,
pr ef er abl geogrf@ml@ﬂ @mﬁhﬁ"ie%lﬁ%;ﬁ stafigtstabiipyr é”‘iﬂldéﬁ &eaﬂﬂfiﬂt'@'rt‘éé@éersaﬂtﬁ% 95% by

vei ghbs  MpEenRRRINGH arblsma%%eﬁ@fbrrﬁ R ih A8 F6rRof %blwmhanﬁéuéums&onmoeim ably 99%
by weil ght or (%reater di ment rel ates

(R) - 3- (( Ep-Whighdyis PES’I"'idG‘ij - @”W‘W G P?arg‘aﬁ"@'{’?'y'{ﬁ‘;? g%&ﬁr%ﬁ”eis BN Sxy) pyri di ne
(Fornul a éﬁc1p|enV¥302£b]@/aQ@5é%ﬂ REH ahﬁif@l%éé&ﬁ‘@&z sBeroaes giblet, capsuleQoethenbodi ment
(R - 3a( B 1 pisst POTTALT Fraa® SrR 1t SR Py dpuss PRI SEIEL By di ne or
a phar nacearisfambtion, awbestcalstadizat@int retiyetakizdtion, LﬂQBQ aatemaiseytransélén of
('S) - 336 ( ByfatloRYddhPhrafin) sctvation, \dr B¥dohvation.
Examples of “normal storage conditions” include one or more of temperatures of

between -80 °C and 50 °C, preferably between 0 °C and 40 °C and more preferably ambient

temperatures, such as 15 °C to 30 °C, pressures of between 0.1 and 2 bars, preferably at

atmospheric pressure, relative humidity of between 5 and 95%, preferably 10 to 60%, and

35  exposure to 460 lux or less of UV/visible light, for prolonged periods, such as greater than or
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5(tetrahydropyran-4-yl oxy) pyridi ne by weight. Another enbodi nent of the
present invention relates to a nethod for the preparation of

(R) - 3- (( Byo2e1opps440l i di n- 3-ypvi nyl)-5- (tetrahydropyranPdTuseoogppsoer di ne or
a pharmaceutically acceptable salt thereof containing | ess than 25%
preferably | ess than 15% nore preferable | ess than 5% even nore
preferably less than 2% and nost preferably | ess than 1% of

(S)-3-(( r d| I LeLr hydr r o pyri di ne
by wer ghea] PREEO: igd spR Lot s pebehbamp RS B e pERALLL. )
one enbodthatteﬁ% mbretm€eﬁbb'§®$tthanra?/erand@ﬁpecallyr’eshtiﬂdnﬂ%r clnehimcaﬂmdegra@djre of

substanti gl
(R0 (- SEBHEE o ot ots rpustones. a2 ppioprte, IS USRI AL ) oy i e i

provi ded, anmqqmwaﬂée am@wgmﬁwgwwmwmt%f% eamnesmtuignoresseiR @ad

Synt hej i Crewmm% Sdhk Gxtremes of normal storage condltlons and that certaln

34(E)-2-(pyrrolidin ypv - et rahy (}/ran ri di ne can be
synt hesi Z bé{?t?@pqﬁmeéa F‘F?“&ﬁf"“/@%é’é@)‘@?f@?‘?ﬂ UHBS %‘?’H‘ai ?’E%‘B% &4t%ed by

refer encetempsnaa@eafamaldaﬂlalmgsateadfymaghr)coupl ing of tert-butyl

3-vinyl pyrrolidine r

3- br ono- 5- ( t et &l %%%re@riﬁsﬁﬁ‘nd'&” P M@%@Fatﬁdr?éher‘f"fs‘? IB%R0G 2BY CEiBYal of the
tertbut ox@ysﬂmhtmnyd)rqmeaseaassbmgtegmuplNerecetpltm actitem ¢ synt hesis, the

requi sj{te-tert tyl 3- 20vinyl pyrrolidine-1-carboxylate was produced by
treating ?%er lfﬂft] 3- forrryl pyrrolidine-1- carboxylate with

met hyl enetri ptmtewnpﬂmdmdmbofahmpr@Wrtttnvgntmea@azta‘s Jo. (RYBH({EB-2t (pyrtolibintdy|  3-

an i ol VArGFRREARERRSRNE By R EoPATARY o SR el Bl R el TS ™

suscept i biad thevseafacem zati on during the Wttig reaction. Thus, a new
synthetic route, one characterized by 25stereochem cal fidel i ty, was
devi sed. The conpoundt may be prepared according to the follow ng
met hods using comrercially ilable starting materials and reagents.
(R -34(E)-2-(Pyrrolidin-3-y{)vinyl)-5-(tetrahydropyran-4-yl oxy)pyridi ne may
be prepared via pal | adium ca
(R)-3-vinyl pyrrolidine-1-car boxyl ate 30(¢ npolnd
3- br ono- 5- (tetrahydro 2H- pyr an- 4- yl ox$ pyri
|n Schene 3. The preparation of corrpound 9 is outlined in Schenme 1.

{)il ally available tert-butyl (% nydroxypyrrol i di ne- 1-carboxyl ate
(corrp nd 1) is treated with esulfonyl chloride to give
t er t - but yAs WiRpe 3prasathy by thos@skilledxythp artr différdntmamingocaniantiyhsarnay @Eijecanmpound

whi - 9.,
V5 2010/ cEBRTgL A ERN0 Iyt CohrOlLE At Re RBRLT (TR S SIBRIEIRL P oY )
to gi ve di-detrapydropyrard{yipxy)pyidineor.atemativetyn (RHJravoplidii-sryBvipyl)-fal onat e
( COWPOU”d((tér)raH%FoL”QH B;)f@r'i E-‘Wo@ S HERE NETBhShdn n@E&HQﬁhoﬁ@@h&m fiitbe &8EBN-

Suitabl e solvents for these reactions may be selected fromthe group of
t ol uette, 'R%dé’ﬁ%§m?'9“'§¥rfﬁttrfﬁ/$p32'f'fﬂipf‘oI i di none, di net hyl f or mani de,

g' rzreg_hyl acet arm o erﬁlﬁd&ﬁﬁ&it thé %m%dﬁbl@ afFHrmuIEaeﬁf be{égﬁﬁf:w’n@ﬂly accr:retgatadble ]
2-di met ane oxane and m xtures thereo enmbodi nent t he
Sorvent 1o ereet Brhab il Por: B ettt R A Tore ol vent
for the rmiaanaieetladxilssaﬂcaptememalt thsreibf mmtlﬂmyéntlauyﬁwerotbks)eﬁ {BR2 (pytrolidm®dt her

embodi ”E%v'h{g}ES 3l Hyat 08285 M@W o‘?rfbatlff‘ gé SRbARIR the bSmBAUNAPFornatl L abI €

bases for 't e'rea
25 | or a pharmaceutically acceptable salt thereof is present in an amount of about 75% by

weight compared to (S)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine,

preferably greater than 85% by weight, more preferably greater than 95% by weight, more

preferably greater than 98% by weight, and most preferably 99% by weight or greater. One

embodiment relates to 100% pure (R)-3-((E)-2-(pyrrolidin-3-yt)vinyl)-5-(tetrahydropyran-4-
30  yloxy)pyridine (Formula I).



10from the group of triethylam ne, diethylisopropylam ne,

di i sopropyl et hyl am ne, potassiumtert-butoxide, sodiumnetal, sodium

hydri de, wodbiumestsboxi de, pot assi um hydride and | it hi umpPbydseee/06dom2 one
enbodi nent the base for the methanesulfonic ester formation is
triethylamne, and the base for the mal onate di spl acenent is potassium
tert-butoxide. In another enbodinent the base for the mal onate di spl acenent
is sodiu b ide. 15Hydrolysis of diester 3 with aqueous potassium

hydr oxi de ds (R)-2-(1-(tert- butoxycar bon)(l )pyrrolidin-3- 3/ ?mal oni c

aci d ( compounduzB emigsiregnt pkthe erespmdrgniiandalates to# fristhgd for the preparation of

(R)-2- (1-@4%«E)bz‘l(pg?fwaﬁ{mwwymyfe&r@hyd@lwra% WM?@ illife @ICé\ hdre@acaacag 5) .

Sui t abl e sol vents hese reacti cﬁ e3d t he group of
wat er, et peeabtpblesal thgrphsbeizntially frap %@91(4‘%12%8YH In-Sgy i '%1 acet am de,
1,2- di et Aeangdropien- 4QIOQ99§ﬂEimeiby%tdhyJé\ﬂatheﬂ@ﬁbﬁdl‘rﬁ)ént di thélpﬁa,serhtcbdmeem

dlneth | sul f oxi de the solvent for
t he es%/er eﬂﬂ;‘?frtBIaﬁ?tg qdfgnﬂga889(96gah?ré?{(gﬁé)—é@é-?dpghohgm Hg Igol vent for the
def:ar b;)x%/{tatahwropw?riﬂ\mwwwdmemy ampbéindicedicelly dcoeiatie mtrqm‘d@;mmtght he

sol ven r 0 3, or e

decar boxyrg?{h E% prefer ﬁjyul%sﬁgér?bé mrﬁé}@%%?%rﬁ%%ﬁégeméﬁ /?gVﬁrgrﬁqge Sui tabl e
bases for prlefeeadlwldsmyrsﬁ% argost oreferably bés than 8% A dSRS{(Ebmpwi@i¢gt-dup of

pot asgj um, R,Yng b %&l&%h@&@kéfm 4 %}M&hq@b webaswtrm $81.898Ad EniraPOdi UM

car bonat e de and ' cesium carbonate. In one enbodi rrent the
base is pmra@gﬁoar@pmée%@t@é step. In one quakAdERaNb AT the PreaRRs HlyREtos. gMmpEwd fo

tert-butylne(RnuBiclufe SdbayMaiyire BNLI-QE)- ﬂ(pﬂﬁolﬂmn Snhays-@dten(aoppaiind 6),

whi ch may be reacted wi th nethanesul fonyl chloride and then 30sodi um i odi de
to give t éﬂ[oxngyrwne is provided, without reliance upon chromatographlc separation.

(R)-3-(2- Ggﬁg,lay'bg hefioWMetodsLt hyl ) pyrrol i di ne- 1- carboxyl ate (conpound 7)
and tert-butyl

d I 1- | at d 8
oo vty RisamiopSEaa A B YES S arah AR Bl AR ) e
fromthe Q;Vrﬁhﬂélzétﬁ a$ Ripbadtyid PATUNOR004L0TETS?, Idirenameypdtatad dy mefeteoxg.et hane, and

t th d
Sui table PainarApdiPEnRR CRLTEL PR P RIS - MRt
di bor ane, them- Brnmot%(ﬁetahydiodﬂtpyeam Lyoxy) myrding dolewed &y rmmdvyl Oféhen‘éff WO

2010/ 0654 4R LISl B 80 GRS CHRhEMoANH ShFhanenflirorlidielsnbliyfg compl ex.

Sui t abl e nts anesul oni c’ ester tion may be sel ected
from e8e gmvinwmirﬁmedl cmh@xylatngéﬁe@duede@ftreatt@g tefhety o3- tﬂf@M'nyfO"d'ne 1-

1, 2- di met Q%Xﬁﬁﬁ@% ?ﬂé@nph@ﬂﬂpﬁﬂs’éh&%ﬁé (Whes _RRGent) nV\ﬂ’ﬂ@ t&frb@lsillﬁent t he
e net Hanesu fo

sol vent for t nic ester formation i s tol uene. w&t bl e bases
for the miarmyRgEelidinen]-carbexyiate cap haMagdn binggvesal melheds éd”%sr't%af‘ group of

triethyl amté}ﬁ‘vedﬁit@fohhﬂsir@%r%ﬁbrﬂgﬂ &Wﬁth@@@ Aith&atois @pyde@tuﬂyltcamcem:zahdm one
t hanesul foni c st er

enbodi nent, the b
triethyl aftig th%&?'ﬁ@ﬁ?@m?&l Jne?sa beyy SYWRetic Lo 8e°”d°' cg‘ﬁ a e”ngd Py may be
sel ecbted btepguchbmicgr fieptypivad dexadenly| - 2- pyrrol i di none, di nmet hyI f or mam de,

T T

10di met hoxyet hane oxane xtures t ereof. In one
enbodi rrentcomtmercsadjva\aﬂablé@tﬁrtm@a‘t&tﬁ@iscf@dmaﬁpﬂtacerrent i's 1,2-di met hoxyet hane.

Finally, treatpgnl(@fo. W%Imﬂylﬁlnﬁr%)mté?@hﬁﬁ%y%ﬂi %J&y)&}d.tdméln%@ b@l ves of

conmpound 9. Suitable solvent his reactian ds Irom t he
Gr oD of  DIepateR HARAAYT FeiRe TR APL AP IO URHEITE FEv TP man de.
di met hyl a@&in%h@lﬁs) e oM o-5L(RtrbIRRYSI PR pyitaaa,yIckg Hibyeidias ¢comrdund x2)wses

thereof. In _one nﬁodlgent the solvent i1s 1, 2-di net hoxyet hane.
outlined |n

The preparation of compound 9 is outlined in Scheme 1. Commercially available
tert-butyl (R)-3-hydroxypyrrolidine-1-carboxylate (compound 1) is treated with
methanesulfony! chloride to give tert-butyl (R)-3-(methylsulfonyloxy)pyrrolidine-1-carboxylate

35  (compound 2), which then is reacted with diethylmalonate and a suitable base (e.g.,

8



Sui tabl e bases for this reaction may be selected fromthe group of

pot assi um tert-butoxide, sodi um ethoxi de and di azabi cycl oundecane. In
anot her ewbadiomest49t he base i s potassiumtert-butoxi de. PCnaSestbocionrent of
the invention relates to a process for the preparation of 20conpound 9
using the reaction steps as outlined in Scheme 1 and in the discussion

above.

Ovs
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potassium tert-butoxide or sodium ethoxide) to give diethyl (R)-2-(1-(tert-
butoxycarbonyl)pyrrolidin-3-yl)malonate (compound 3) with inverted stereochemistry around
the chiral carbon.

Suitable solvents for these reactions may be selected from the group of toluene, xylenes, 1-
methyl-2-pyrrolidinone, dimethylformamide, dimethylacetamide, ethanol, tert-butanol,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, and mixtures thereof. In one embodiment
the solvent for the methanesulfonic ester formation toluene, and the solvent for the
malonate displacement is 1-methyl-2-pyrrolidinone. In another embodiment the solvent for
the malonate displacement is ethanol. Suitable bases for these reactions may be selected
from the group of triethylamine, diethylisopropylamine, diisopropylethylamine, potassium
tert-butoxide, sodium metal, sodium hydride, sodium ethoxide, potassium hydride and
lithium hydride. In one embodiment the base for the methanesulfonic ester formation is
triethylamine, and the base for the malonate displacement is potassium tert-butoxide. In
another embodiment the base for the malonate displacement is sodium ethoxide.

Hydrolysis of diester 3 with aqueous potassium hydroxide yields (R)-2-(1-(tert-
butoxycarbonyl)pyrrolidin-3-yl)malonic acid (compound 4), which is decarboxylated to afford
(R)-2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yl)acetic acid (compound §). Suitable solvents for
these reactions may be selected from the group of water, ethanol, tetrahydrofuran,
dimethylformamide, dimethylacetamide, 1,2-dimethoxyethane, dioxane, 1-methyl-2-
pyrrolidinone, toluene, dimethylsulfoxide, and mixtures thereof. In one embodiment the
solvent for the ester hydrolysis is aqueous tetrahydrofuran, and the solvent for the
decarboxylation is 1-methyl-2-pyrrolidinone. In another embodiment the solvent for the
ester hydrolysis is ethanol, and the solvent for the decarboxylation is a mixture of
dimethylsufloxide and toluene. Suitable bases for the hydrolysis reaction may be selected
from the group of potassium hydroxide, sodium hydroxide, potassium carbonate, sodium
carbonate, barium hydroxide and cesium carbonate. In one embodiment the base is
potassium hydroxide.

Reduction of compound 5 gives tert-butyl (R)-3-(2-hydroxyethyl)pyrrolidine-1-
carboxylate (compound 6), which may be reacted with methanesulfony! chloride and then
sodium iodide to give tert-buty! (R)-3-(2-(methylsulfonyloxy)ethyl)pyrrolidine-1-carboxylate
(compound 7) and tert-butyl (R)-3-(2-iodoethyl)pyrrolidine-1-carboxylate (compound 8),
respectively. Suitable solvents for the reduction reaction may be selected from the group of
tetrahydrofuran, ether, dioxane, 1,2-dimethoxyethane, and mixtures thereof. In one
embodiment the solvent is tetrahydrofuran. Suitable reducing agents may be selected from
the group of borane, diborane, borane-tetrahydrofuran complex, borane-dimethy! ether

9
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cl) NN NI boc N 1 boc 1 boc 1 boc 6789 Schenme 1 25The preparation of
3- br onp- 5- (t et rahydr o- 2H pyr an- 4-yl oxy) - pyri di ne (conmpound 12) is outlined
i n Schenmew@.200a6pd4Png of 3- br ono- 5- hydr oxypyri di ne (compomrus2d@0)6eemwr h 4-
hydr oxyt et r ahydr o- 2H pyran (conmpound 11) gi ves conpound 12. Suitable
conditions for the coupling include those in which a phosphine (e.g.,

tri phenyl phosphi ne) and an azo conpound (e.g., diethyl azodi carboxyl ate,

(g, oraraiey T APt ar g sBPEB i ¢ ons. i whi ch t he. oxo ani on of -
3- br onp- 5Stitatiecolyynts ¢ tree methahesoifmicaestes frmatiprgmayige seleptad fram thegomiptaf on  of
tetr ahydrB%F\ér}yleﬁ@s}' epmgr, mhwgﬂran, 1,2-dimethoxyethane, dioxane, and mixtures
thereof. In one embodiment the solvent for the methanesulfonic ester formation is toluene.
5  Suitable bases for the methanesulfonic ester formation may be selected from the group of
triethylamine, diethylisopropylamine and diisopropylethylamine. In one embodiment the
base for the methanesulfonic ester formation is triethylamine. Suitable solvents for the
iodide displacement may be selected frdm the group of 1-methyl-2-pyrrolidinone,
dimethylformamide, dimethylacetamide, ethanol, tert-butanol, tetrahydrofuran, 1,2-
10  dimethoxyethane, dioxane, dimethylsulfoxide, and mixtures thereof. In one embodiment the
solvent for the iodide displacement is 1,2-dimethoxyethane.
Finally, treatment of compound 8 with potassium tert-butoxide gives of compound 9.
Suitable solvents for this reaction may be selected from the group of 1,2-dimethoxyethane,
1-methyl-2-pyrrolidinone, dimethylformamide, dimethylacetamide, ethanol, tetrahydrofuran,
15  dioxane and mixtures thereof. In one embodiment the solvent is 1,2-dimethoxyethane.
Suitable bases for this reaction may be selected from the group of potassium tert-butoxide,
sodium ethoxide and diazabicycloundecane. In another embodiment the base is potassium
tert-butoxide.
One embodiment of the invention relates to a process for the preparation of

20 compound 9 using the reaction steps as outlined in Scheme 1 and in the discussion above.

CO,Et COH
OH OMs >_COZEQ }"_COZH .‘.“\COZH
Z g - Z g e Z > [ S )
) ) ) N )
ll)oc boc boc Loc boc
1 2 3 4 5
" e \/' —
N
N N \ |
boc boc boc boc
6 7 8 9
Scheme 1
25 The preparation of 3-bromo-5-(tetrahydro-2H-pyran-4-yloxy)-pyridine (compound 12)

10



One enbodi ment of the invention relates to a process for the preparation of
conpound 12 using the reaction steps as outlined in Schenme 2 and above. 10
HC. 1, Br OHBO 200/0600%12 Schene 2 The final steps in the pPEeparsatioonc0of
(R -34(E)-2-(pyrrolidin-3-yl)vinyl)-5- (tetrahydropyran-4-yloxy)pyridine
(free base form is illustrated in Schenme 3. Conpounds 9 15and 12 are
coupled via a pall adium acetate nedi ated coupling reaction to afford
tert-butyl
(R) - (E) - 35 p4tinasd in Sgheme g 4 Faundipg of 3areme- Sy Mgy pyiding (empound 108t oy r ol i di ne
- 1- car boxiyldetxgte{rattysm-2Hpyvan &ompound 11) glves compound 12. Suitable conditions for the
(R -5-(1- r. (tetrahydropy
(R)-> éotuggn RS .mn.x&; 89%’?%9&% ! Bhérfipho s}wn%g i a2 (e
(R)-3- ((Er)omo@pq/(ergaldl@thylaaodm}amowlntyl 9|SQ3kf’(0tN@ta|Sz§3rWGrﬁﬁsﬁﬁr'ﬂayl"t%y) pyri dine
(compoyindgglaht, uﬁéﬂefc@thé %o@dﬂhg’(?erti Stofubfie) hﬁer’n’&@@' tReH HRAiGaHs alh WhRH D8kl | NG

om

reaction may be selected f rou nmet hyl - 2- pyrrol i di none,
di met hyl f@??fh?ﬁmom%ﬁ‘éﬂm%{ﬂ@ﬂ%ﬁ'ﬁ @e&ﬁdeaé’ﬁ’@t%?ﬂptffqn]' the 4rRostiAR Ok hodi nent

t he sol vegtraty@robyRt Xy be2eAplbyeal | di none. Suitabl e bases for the pal | adi um
catal yzed coupl ing reaction nma sel ected fromt

triethyl am ne, Ot Spadimens gitee i p%fﬁ'ioﬂéek"tﬁ? f°§o$???§§l%Wﬁ?ﬁ' t@’” qfn one

enbodi mengongeand #3 Esihthe iréazH6H QEYE Rlduinadiinr8therbd Rtzallabowdbphosphi ne | i gands
for the pal | adi um cat al yzed coupling reaction nmay be selected fromthe

gr oup &f tri-n- but yl phosphi ne, tri-tert-butyl phosphi ne,
tricycl ohexyl phosphine, triphenyl phosphine and tri -9- tolylp osphl ne. In one

enmbodi ment the p B gan Pfcycl oh S ~Sli t abl e
pal | adi um cat al yst t he pal | adj um tatat yzed cjoupl eaction may be
selected fromthe of pald.adium acet at e | adi | ori de and

30di pal  adium tris(dibenzyl acetone). In one enbodi nent the palladi um
catal yst is palladiupg acetate. itable solvents fg@f the de-protection
reaction may be selected fromthe group of water, dichloronethane,

chl orof orm and di chl or oet hane. | n o8ehemd®di nent the solvent is

di chl or onet han

reaction is vvaf%? %iﬁaéﬁpet%%t?qe e;?f’g?‘%gétf%gp&t(%)%ggg%x%'f fgé‘:{'”-é—g{})y A | g:}oh:;:/t Ibgn
sel ect ed (fwtmhydrbwrgf Hyloxypyridine f(freeovasa dert) & ilusirated m@hhemil3orGompacnds Sand
Sulfurdc ag fh ok B ISR ackilfe ASkifted Souplifd FebbBhORERSD Soriileft- B © +N
(R)-(E)-3-(2-(5—(tetrahydro—2H-pyran-4—yloxy)pyridin-3—y|)viny|)pyrro|idine-1-carboxylate (also
known as (R)-5-(1-(tert-butoxycarbonyl)-(E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-
yloxy)pyridine, compound 13), which is de-protected to give (R)-3-((E)-2-(pyrrolidin-3-
yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine (compound 14). Suitable solvents for the
20 palladium-catalyzed coupling reaction may be selected from the group of 1-methyl-2-
pyrrolidinone, dimethylformamide, dimethylacetamide and acetonitrile. In one embodiment
the solvent is 1-methyl-2-pyrrolidinone. Suitable bases for the palladium catalyzed coupling
reaction may be selected from the group of triethylamine, diethylisopropylamine,
diisopropylethylamine. In one embodiment the base is diisopropylethylamine. Suitable
25  phosphine ligands for the palladium catalyzed coupling reaction may be selected from the
group of tri-n-butylphosphine, tri-tert-butylphosphine, tricyclohexylphosphine,
triphenylphosphine and tri-o-tolylphosphine. In one embodiment the phosphine ligand is
tricyclohexylphosphine. Suitable palladium catalysts for the palladium catalyzed coupling
reaction may be selected from the group of palladium acetate, palladium chloride and
30 dipalladium tris(dibenzylacetone). In one embodiment the palladium catalyst is palladium
acetate. Suitable solvents for the de-protection reaction may be selected from the group of

11



NY® Boc Boc 91213 14 Schenme 3 One enbodi nent of the invention relates to
a process for the preparation of 10conpound 14 using the reaction steps as
out | i ned wbavw/iiemiaSchenes 1,2 and 3. The invention furt Rrer/usedoanesIr o a
process for the preparation of the salt formof (R)-34(E)-2-
(pyrrolidin-3-ypvinyl)-5-(tetrahydropyran-4-yl oxy)pyridine nmal ate
conprising the additional step of reacting the free base with L-malic acid
ina mxture qf 2-pragpanol and isopr. | .acet 0 t it sol vent
as descri ¥&g" g5[‘I8W?neﬁ%ﬂﬁ'o%hhoéé}om%dg‘?'%%?et@?n%t ﬂ%egri‘en%/rgér)lo[dft}ﬁénnt rﬁ% 12 eéﬁ? o the

f or mat i ondidflorbimetheral latagotber emimidingenirihe sniertt Jordineide-protagtien refctiohés \wtell at e
salt as a i.fJ i i i J i ound 14. The
pal | adi umS@%lF ’gléfggtédr%uﬁ]?rﬁge%_ rg%%'ﬁ}élﬁ‘ﬁggg_sagﬁg&%ﬁ’gﬁ%@&%‘gﬂ_ m xt ure of

mat er i al striflyprogretihacis hpdaeiioricacisrand sHifuis e, It §)sieziodinantihessEnt i ng 75- 80%
of theg coipldrbstefid fG4ICts. The remai ni ng coupling products include the
correspondi ng Z 20i soner, tert-butyl

(R-(2)-3-(2-(5-(tetrahydro-2H pyran- 4-yl oxy) pyri di n- 3-ypvi nyppyrrolidine-1
- carboxylate, and a so-called "exo" isomer, tert-butyl
(R)-3-(1-(5-(tetrz§§6t|to-2|—|- yran-4-

yl oxy) pyridi n-3-y[l) i nyrlsj indi he- 1- car bokyhat e, t Sital loy representing
-5% and up to 20%I t he u lin oductst el '. noval of these
m nor isonmers fromedhe major, desired i somef was unexpéctedly and

conveni ently acconplished by de-protection of the 25m xture of isoners,

foll owed by conversion of the free base to the oxalate salt. Initial
precipitation of the oxalate salt in water/2-prgopanol mxtures, for

exanpl e, gives conmpound WO 2010/0 49PCT/ U 9A066092 14 in which the
isonmeric inpurities are reduced ton<t%ea r Yer. Further purification
can be acconplished by recrystal Il zati or.\Exdnpl es of conpounds of the
present invention which are |abeled with 2 N

Scheme 3
One embodiment of the invention relates to a process for the preparation of

10  compound 14 using the reaction steps as outlined above in Schemes 1, 2 and 3. The
invention further relates to a process for the preparation of the salt form of (R)-3-((E)-2-
(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine malate comprising the additional
step of reacting the free base with L-malic acid in a mixture of 2-propanol and isopropyl
acetate or other suitable solvent as described below.

15 Another embodiment of the invention relates to the formation of the oxalate salt of
compound 14 and the use of the oxalate salt as a purification intermediate in the production
of compound 14. The palladium catalyzed coupling of compounds 9 and 12 produces a
mixture of materials in which compound 13 predominates, typically representing 75-80% of
the coupling products. The remaining coupling products include the corresponding Z

20 isomer, tert-butyl (R)-(Z)-3-(2-(5-(tetrahydro-2H-pyran-4-yloxy)pyridin-3-yhvinyl)pyrrolidine-1-
carboxylate, and a so-called “exo” isomer, tert-butyl (R)-3-(1-(5-(tetrahydro-2H-pyran-4-
yloxy)pyridin-3-yl)vinyl)pyrrolidine-1-carboxylate, typically representing ~5% and up to 20%
of the coupling products respectively. Removal of these minor isomers from the major,
desired isomer was unexpectedly and conveniently accomplished by de-protection of the

25  mixture of isomers, followed by conversion of the free base to the oxalate salt. Initial
precipitation of the oxalate salt in water/2-propanol mixtures, for example, gives compound

12



radi oi sotope appropriate to various diagnostic uses are for exanple, 11C_
or 18F-I| abel ed 5anal ogs of conpound 14 which would be suitable for use in
posi t r on WOI28BVGH4D onDgr aphy. Unl ess ot herw se st aCEAIS260006@DUr €S
depicted herein are al so neant to include conmpounds which differ only in
the presence of one or nore isotopically enriched atons. For exanpl e,
conpounds having the present structure except for the replacenent of a 10
hydr ogen m, by . deut eri um or, 0 epl | = on atom
by 130 or PGl ISR it ale oo B <17b Badh R oBEH gt st

r epl acenesan befacemnpmxlyegieby raCrWtaIWamm 170 or150 are within the scope of the

i nventi on. search or

di agnostl c to%laln%%ts ?,ﬂ%{;%{dh??ngﬂ {&ng@%ﬁ\@gﬁw %g%délecﬁvr@lg{ §0t| ng gr oups
for sensi rtadm_csotnpera@a@uorle@ tQBgfﬂ%p%a%Pét'CelrﬁﬂS@y%@rW@enege%rs ar{Abele

accor C?ncﬁ'\a‘l%?gbf Qﬁrﬂ?&g{d 14 Reh Rb&s vefsuRtid RRIULE it hRftioht drissibli Ot ect i ng

groups are ni pul a according to standard nethods of organic synthesis
(T. W GtlegegeemtlyP. G M Wits, Protecting Goups in Organic Synthesis, 3rd

Edi tion, John Wéﬁ%tlﬁwﬁ%‘&ateﬁ@ﬂué’t@i‘éﬁ dedi8@@hireinldie 9o @icants irel@er enoved at a
conveni ent stage of the conpound synthe5|s usin are readily

appar ent ‘EW@GE‘%‘%@”‘S‘F&W"I"@B{ I fhePrrsense of ofg ar @Bregiott?pé%ﬂ%?mﬁp'%i 0Es as wel |
as the rep&téx&nplewwpbumaamgltmrpﬂeerenwtruumes éxceptéarthé mplasbrabit dbe consi st ent

o e B S B G IIE Rrh B0 O o™
COWDOUHdSoMB@fdeacaﬁentm’f ehm’egeraatem byéiN: bor the retilazemght of an oxygen atom with

(R -2 ( 1. (D tOBth SHYERR SEMSI o BT Bricl 5 s Rblcp el orfbHTRUEE )
tert - but ylsefuRps Bas(eé?chyddlagqoemdtyblypyr roI i d| ne- 1- car boxyl ate (conpound 6),
and tert-butyl,GfRhride ggan%ﬁ%h@ets@r}ﬂe)irﬂ)élr ol Oprofbit gl'odb%rf&%}fén%eor(f&é&ﬂwund 8) .

Salt Forms One aspect resent invention relates to novel salt forns
of (RJS 3-greR)sFe employed where necessary in accordance with general principles of synthetic

30(pyrrol igidiss: @fébﬂ%@o%s@?eﬂ%érﬁ&ﬂ’éﬂé%ér@ﬁ g fo Sthriadt) Asthbcdi o Brganic

o i e e R P Ll e TR

However, B’P‘Edft/bﬁQJohﬁWIeVWSdSr%awaWdrlh(1@99}) Tmeegmnpsarendnmegeanac acids to

make acid addition salts that have si.cal ertie
advant agetRIYeRigH siaqe OH}'@ ﬁ&?‘&?%r@ﬁy@%‘gﬁﬁsﬂf}?&%ﬁ?ﬁ%ﬂt ag r?r% I aﬁenng Y%Such as
crystad | i mosey/skileainghe aIThbistledtipn obprocesseslziswet! gs tm\neaoﬂorﬁmhﬂmscmh order

degr adat i Oﬂgedrl exgcmglf;)n tﬂéﬁ_b%&?ﬁs?%lt MﬂN%@ter&rJtﬁh %F gﬁnéo%nw&rtﬁ@&@%rﬁ cal ly

accept abl &
(pyrrolidinmerBioy.Ovi ny1) - 5- (t et rahydr opyran-4-yl m) pyri di ne. Exanpl es of

suitabl e phar “ﬁ%%‘&éeg%b%uaﬁ SIS&EI%QH?S & f#e?h%d 'f(f?’%éﬁﬂfﬁtﬂeglg ofRdVeCcoAfodnddddi ti on

salts such as l'ori d nitrate; organic
aci d addi tsefl as itermediates, ush as diety(R)- Btjh‘Kt8@'PH§°é)tcérb°B¥'Mir@W5‘f% succi nat e,

| act abe, #rﬁéi&“a?é FcomF&lrféltﬁ  (RY- Qfd '(t@ltt@utoﬁycbfb%hyﬂ)pyﬂmidﬁ%—ﬂ)mélwi@é@d e,

met hanesul f onat e | uenesul fonate, and ascorbate; salts with acidic

ami no aci (FogweEndA, tsgﬁatvt(ﬁ@ (&Mdr@mmw@"d'%ﬁ kgprboxrate (comppynd & R as
sodi um sajd. gl (B03-BS5ddeRyBAriolidifd- KRBk (cbmpb@iaad). sal ts such as

magnesi um salt” and cal ciumsalt; amoniumsalt; organic basic salts such as
trimet hyl Malt triethyl am ne salt, pyridine salt, picoline salt,
One aspect of the present invention relates to novel salt forms of (R)-3-((E)-2-

30  (pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine. (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-
5-(tetrahydropyran-4-yloxy)pyridine in the free base form is a viscous oil with limited water
solubility. However, the free base may react with both inorganic and organic acids to make
acid addition salts that have physical properties that are advantageous for the preparation of
pharmaceutical compositions such as crystallinity, water solubility, and stability toward

35 chemical degradation.
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10di cycl ohm ami ne salt, and N, N -di benzyl et hyl enedi am ne salt; and salts
with basic amno acid such as lysine salt and arginine salt. The salts may
be i n sorwOocamswsdaydr at es or sol vates, such as et hanol ®orEL@9/066092 One
enbodi ment of the present invention relates to acid addition salts of

(R -34(E)- 2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-ylmpyridine
wherein the acid is selected from 15hydrochl oric acid, nethane sul phonic

Td | o loni
e ot art ar e HeRPRRRA] fictés  prar e B Lol ROL L it S LR
aci d, S- noydeldine3-gipving|)- ﬂ@@hWTWYMGYIOMWUQﬂQHEWIsglt@tﬂ d, adipic acid,
gal actari éta;ﬁ%bgebtlgéll Bede a'ﬁ%ysla A&n&l@i& iﬂBr‘ng@%ﬂl add?ﬁ%l dafts &chdrs cm'o%éjcur oni ¢

acid, 4-h enz enzol c
(1S) - ( +) - homidenpiifetes glncfsohate andindrate; paaaspcvapdlémﬁﬁ#éw@ #agtat0and

p-tol U§ne§éiéét5’rﬁiecprﬁﬁlbﬁiate Ts‘ﬂx@cnﬁ’it@ﬁé‘d‘t‘éte _H}Vé@l'afe' RBIaf, BftratB Citkike sndlesig at es and

sol vates of these salt fo stoi chionetry of the salts
conpr i seder‘%t?ré“?fF%Leé'i‘ifO”Ptﬁv%‘F?ﬂLieﬁﬁsqlltﬁ@at?ﬁé’t”? as?f’éti’at%ﬁéﬁi) ith agiqic prainp @ff ¢ )

that the smhak asgdriate &Hd gmarelatteOau(dﬁ)me%al(séll‘s)s@h épydscrmh lsﬁit ﬁhd%:dyds)sMhﬂgalt) 5-
ridine i s er ratios, .such as

t et rahyd
e Sl a 5 &5 sosumisa Bl &8iinn S ePirripiunt S PRerded n
t he scopebmﬂc 4dite syuhessamhethylaint isalt) titpéminenspltupoidine lselt, rpicoliresr saty whi ch t he

| t h t
S S P TL 5 OLTBSr el ol B IS b i |
Thus, theaddbuch asdysinecaltandargmingrsatt.eSheagalts mabl@e lnssﬂmﬂactaess b)fdra/taSF 9 ng

st oi chi o 0 ve to
(R -3- ((H?CEI\Q%{?S LUC%Q‘# gﬂaﬁno?%k?ﬁe's inyl)-5-(tetrahydropyran-4- 30 ridine.
In one enbodi n@mﬁterobod.lrh@tpftés@rﬂsentmwenmqndﬁ'ate@r&ea%a@d'twwaﬁs @i é)%‘lﬁf metry of

acid to rrolidin-3-y|)vinyl)-5-(tetrahydro ran -4-ylo ridine wherein the ac:d is selected from
(R) 3- (Ei pwg yrrg)ldY)-%- 3/ py gxy)@{rah dropyran- -yl ox% pyri di ne of
i

”6ﬁ1‘d6dﬁ?¥€?ﬂe SU{H‘?@”'@QF'@ m%lecam%mpmoa%@'ﬁi -y to

( R) 3 (( E%%ﬁnr(oi?:)’afcicphiaﬂinl& a3y Qvdrialid hei® furbhrt dorf) MieHc iRl @Jf‘naﬂc #¢i@>R) pyri di ne of
1:1. /065§4§ %éJ'SZO 9/ 066092 I nment, of the

present i RERIRIF BH CAgd(eFCing ARl 4aqsiRm! {fﬁaepmiq]arg? adipic acid,
AV: nyl) - S%éléaéﬂoad@manq@wmw -Brtaytanx i okalidiaok, Doheulonicakid! €hgdrogblydicat e or
sol vate ther

to (R)-3- ?C(I(é)4 rﬁetbﬁxyper&o'ccﬁcw g S) ?ﬂq%dca%nctwsu onltcre%idp{ﬁfg}t(ﬂ' cre\r/nepﬂto}cacm[ el ates
yl) vi g1 ) af g-tohtenadujfdnio pyid aMhelprgseant invention disnénchides hyglhdtes sratk sivatesrof a hydr at e
or sol vatf;1 %@%Jlter&fm 5Anot her enbodi nent of the present invention relates to

(R-3-((E yrro idin-3- yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine
oxal ate or a hifgrseichiapetyslf thetsalts eremrsiged in the presemy swention ergyya@ivnent of t he

present i pugiMid @R §EEAHER tHemdBras c(f(aé)j't@(l:()@((r(lﬁ)oi tdgihandﬁf 3-yl)vinyl)-5-
yl ) vi ny1) - 5-(t et r ahydr opyr an- 4- i ne di-p- I"{}/s'a‘,gﬁ[}tartrate or a

hydr at e oftetEhydrapuar- ﬂ'é@é@f’y“dmdﬁ?zé’ﬁﬁédl?%mer '°§ ﬁHC &nk3.iZR &t 3n
rel atgs t o1t ey bopdseibiethdsé likewik ifchidedin(thé&pcope of the present |nvent|on

2-(pyrr 0! i di ”h@@ée?nﬁ@ﬂ qr&the m(annerrb(i}%%?rpeysa?tg dg's i J‘H’QrQX ralred orméd the

4- Acet am dobe
salts may have crystalline structures that occlude solvents that are present during salt

formation. Thus, the salts may occur as hydrates and other solvates of varying
stoichiometry of solvent relative to (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-
30 yloxy)pyridine.

In one embodiment of the present invention, the salt has a stoichiometry of acid to
(R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine of 1:2. In another
embodiment, the salt has a stoichiometry of acid to (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
(tetrahydropyran-4-yloxy)pyridine of 1:1.
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(1 R 395)-(+)-Canmphoric (1 S)-(+)-1 0-Canphorsulfonic Gtric Fumaric

D- gl ucuroni ¢ Hydrochl oric 4-Hydroxybenzoi ¢ 1-Hydroxy-2-naphthoi c (Xi nafoic)
Mal ei ¢ L-whal2ow/débd4oni ¢ (R) - Mandel i ¢ (S) - Mandel i ¢ Met han@suuSeenom66092

4- Met hoxybenzoi ¢ Phosphoric Succinic L-Tartaric p-Tol uenesul fonic.H20 or a
hydrate or solvate thereof. A further aspect of the present

I nvention relates to processes for the preparation of the salts. The salts

may be obtai ngﬂ?tgg {nc%%[rﬁénk biAld bRBerd Sﬁtloﬁ(?élEtEQ ld @SL3q@) L (biedkain-sThe

i nvention als rocess reparatio
(R) - 34( E)h#EnyIp5:ttetoahydionyran-4y oyw)pmdlr)e raorptlemagmnhadwr@éﬁq@f@ovmgﬁeﬁ% di ne
Zg: L t T orme. Cf’ﬁ%t}" ém%c}dfﬁﬁeni Qﬂthé)gﬁ Q&tﬁivsvﬁ?cﬁm rSibted tORMIBNE) h@ykdigm-dase, or a
I dr asrg 2 lo SrEd?r%thle?m ala tgrra% ora) h gra{ soﬁlate thereof.
yl)vinyl)-5-(tetrahydropyran-4-yloxy)py -g y
5 Another embodiment of the present invention relates to (R)-3-((E)-2-(pyrrolidin-3-
yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine oxalate or a hydrate or solvate thereof.
Another embodiment of the present invention relates to (R)-3-((E)-2-(pyrrolidin-3-
yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine di-p-toluoyl-D-tartrate or a hydrate or solvate
thereof.
10 One embodiment of the present invention relates to the following salts of (R)-3-((E)-
2-(pyrrolidin-3-ylyvinyl)-5-(tetrahydropyran-4-yloxy)pyridine;
4-Acetamidobenzoic
Adipic
(1 R,3S)-(+)-Camphoric
(1 S)-(+)-1 O-Camphorsuifonic
Citric

Fumaric

D-glucuronic
Hydrochloric
4-Hydroxybenzoic

1-Hydroxy-2-naphthoic (Xinafoic)
Maleic
L-Malic
Malonic
(R)-Mandelic
(S)-Mandelic
Methanesulfonic

4-Methoxybenzoic
Phosphoric

Succinic
L-Tartaric
p-Toluenesulfonic.H20

or a hydrate or solvate thereof.
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(pyrrolidin-3-Avinyl)-5-(tetrahydropyran-4-ylog)pyridine in a suitable
solvent, with any of the acids nentioned above in pure formor as a

sol uti on WO 2aryo66f49t he acids in a suitable sol vent, typiPCalusgodobeovn 1

equi valents of the acid; (ii)(a) cooling the resulting salt solution if
necessary to cause precipitation, or 10(ii)(b) adding a suitable
anti-solvent to cause precipitation, or (ii)(c) evaporating the solvent and

adding and new ﬁj%é(r%h d& gt]hF E%@@ﬁt'uﬂgﬂﬁin rgﬁfesﬁrﬁgé eskbd aoﬁﬁ’be pPepartiSR o{' i) (b);

and (iii) filterin ctin stol chionmetry, sol vent
m x, sol uthe Sé't?nEE@fn%a*tatmame Oémeﬂé’brﬁ%@t"@t@n SRPRT CRLEPIIARh GonpHiPRs -y .

Repr esentati Verh‘é%v\éﬁtrﬂnsaléohéiatm a Bﬁ‘;cé‘éqgr the pi%rpsmére(mrs ((L%)CZ ¥yiraildinize the
salt forne include, without |limtation, ethano ganol

2- pr opanoY)Vinyk gt apdropyan:fr doxy)pyadipg,salt f%woméﬁﬁ%{hs%tomngéﬁé’ wat er

met hyls et d'whmhgetr@rf@e bAB4, by b sbiGINGf e fleitaee of Substantizly plrerR)- my E)-et her ,
t et rahydr of ur

r omet hane C itr one
enbodi manﬁpy’tr‘i’@'”s% b j(etralyronyag- %Q@&&pg{"ﬁ%&a Suﬁ?@%ﬁﬂ\(ﬁnt VY'tg'an L&B?
acet at e, a\ﬁdseﬁentlbﬁewdtmye mrpure ﬁotrubessé batuteafof amyna thehaxidsemp enitebler ®ivested f or
precipit t ween I n one enbodi nent the acid

is L-mali P'&%‘V&’%t&ﬁoeqﬁ’wa'e% o{/@gam Sed is 2-propoanol alone or in
conbi nat i @fapmioblng te@msolpyd saicetutioreifl néaessamptolrauseprbadiiattemtort he acid i s

oxal i ¢4 25 propanol . In a
furthgor e@g@%dd%ﬁ%stup Ié%t gﬁé%?ﬁespé :@;9 '2 yrrolidin-3-yl)vin 1) 5-
(tetr ahyd(r"lﬁ@)ﬁvamfaﬂngltw wlwt arm aeidingene new gelv %[ttén%repnétmg -efbgraearsiat

oxal at e °5rs@ép( &lgzmjyl -D-tartrate. The stability of the obtained sal ts may
be denonstrated I'n a variety of ways. 30Propensity to gain and rel ease

at mospher {iig fitsing nd eolieplipgliee sdisessed by dynami ¢ vapor sorption (DVS).

Met hods of Tr eg{er@didhiometry, solvent mix, solute concentration, and temperature employed may

(R -3-((E)-2-(pyrrolidin-3-yl)vinyl)-5- (tetrahydropyran 4-yl oxy) pyri di ne,
or phat ma¥®Wtically acceptable salts thereof, or a pharnmaceuti cal

conposi tion cmwéssht@gvés’miwéntaﬁmmuedsemmr@ﬁrmaedcrtmmzten&e sdlifgemst | on or

t t t. of I dit di

26?8/ (%24@8%\% > @@ﬁ%@ﬁ:ﬁi r\ogfn%\%\?ﬁnl(q,lsp@?ﬂ}eo? ztri;%%agol Fo%ro%talc?lt?c conmpounds
have beenaqetanepsteyl acetater lushewratdrométbyl ethef ketoresmethghrisgbetyt ketene, tardiutis  CNS
Charorer Pmetl B i Bron AT LRARERvark SpRARSR, aRPatiahad W1 h Dacter @)

and/ or vir I C sy rohe aut ol nmune di sorders or
ot her 2@i sor derle Od@smb‘bcmaelntlthﬁ $qnenhesela@e®fr¢m lstheapinpromans, isonispvirigstateny al so

be used a\%ﬁt@r ﬁgka"i\gn&%lktﬁre@g%%of | dhatRERRIpEYatdé DSHd8r FEislaBS ibBtweehr 0 and in

vivo). Such ther apeutl C
16°C and 25°C

In one embodiment the acid is L-malic acid, and the solvent used is 2-propoanol

alone or in combination with isopropyl acetate. In another embodiment the acid is oxalic
25 acid, and the solvent used is aqueous 2-propanol.

In a further embodiment, the salts are (R)-3-((E)-2-(pyrrolidin-3-yi)vinyl)-5-
(tetrahydropyran-4-yloxy)pyridine mono-L-malate or hemi-galactarate or oxalate or di-p-
toluoyl-D-tartrate.

The stability of the obtained salts may be demonstrated in a variety of ways.

30  Propensity to gain and release atmospheric moisture may be assessed by dynamic vapor
sorption (DVS).
Methods of Treatment

(R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine, or

pharmaceutically acceptable salts thereof, or a pharmaceutical composition comprising said
35 compounds may be used for the prevention or treatment of various conditions or disorders
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ot her teachings are described, for exanple, in references previously |isted
herein, including Wllians et al., Drug News Perspec. 7(4): 205 (1994),
Arneri c ewoab10/068M% Drug Rev 1(1): 1- 26 (1995), Arneri eCetusatoojpodagp. Opin.
I nvest. Drugs 5(1): 79-100 (1996), Bencherif et al., J. Pharmacol. Exp.
Ther. 279: 1413 (1996), Lippiel I oet al., J. Pharmacol. Exp. Ther. 279:
1422 10 (1996), Damaj et al . . Phar macol Exp. Ther. 291: 390 (1999);

Chi t, al 4 bach.
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di sor ders des%r%e %odﬂnéq‘t’Bgtngbreggﬁt%vhnt%ghaﬁt%k th y use ofé)R )-3- gﬁt | Wﬁﬁ ifrgnt of

t he present I nvention relate rmaceut i I’ISI ng a
t her apeut ywiay)-5- (@trala@mpv@neﬁﬂdmmpywm% )a phe(EjCeptiqaly ??C@Piaaieﬁatkifgﬁffﬁﬁf Wy1) - 5-

(tetrahydgg n%céraéfwao@aémﬂ ne or a pharmaceutically acceptable salt
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Rb A cteutically

di - p- t ol uoyl - BAnokef paPediBantof hearessptiayetighielatss @R Pfd
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nvention relates to the use of a pharnaceuti cal

enbodi nent "o
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20treat or prevent cognitive deficits and dysfunctions, age-related and

ot herwi se; attentional disorders and denentias, including those due to

i nf ecti ousO2gewmics449r net abol i ¢ di sturbances; to provi de PREMISO@OO6E@EL i on; to
treat convulsions and nmultiple cerebral infarcts; to treat nood disorders,
conpul si ons and addi ctive behaviors; to provide analgesia; to control

i nfl ammati on, such as nedi ated by cytoki nes and nucl ear factor kappa B; to
treat 25i nfla j eat

i nfections, an%%ld%e%?{ﬂﬁé éresén‘? r'F/Erﬂi{o'nqg? ggo['tlh%ﬁéén %@Fﬁ?&g?%n al, and
viral i nf@mnoemm ofAhmprgser‘rwvelmt@onm@emanufuasté@scég rmﬂtpamﬁblfpt irepi@entioht t he
conmpoundscREdisbiyefsmeceut i cal conpositions of the present invention may be
used to treat or prevent are. age-associ ated menory rment (AAM), mld
cogni tive i mpdinofehempogiment Oétﬁ‘éﬁfﬁﬁﬁtt"é‘@“ﬁ%'dﬁiaqu\f%”%Fe‘&fngh% (ExReD)

pre-sefil @yr@&ﬂﬂ%lﬁmy@@?@frbﬂydmﬁn Wléﬂ?ﬁyﬂ@ﬁe 6r meé@utléﬁﬂbb@pﬁﬁﬁent ia,

denentia o zhei ner' s mer' s di sease |rrpa| r ment
no dement $34 thergofngsthe T@U\%/Lﬂ@ﬁ)%}/gare‘mﬂa'édaﬁfe\/)r NaRie AP ?oi\%@ Fitia

conpl ex, &I6atbeH in R vRAUFoturDora meyiBahentEar tleedtbnt srgueRentidr efuiisatdees br ai n
injury (TBI% EEHEF‘EI a pugilistica, Creutzfeld-Jacob D sease and prion

di seases, Me{irt6#8Y NNScheni a, attention deficit disorder, attention deficit
hyper acti vi t y Ahother eabodirBérd v thepresentsnlentiapklatsitaa nﬁthudmmldelaiirfgdﬁdm

di sor ch ,

Soidy BecdnSPURBELLE A AR s PN 1 Dicr2 e e,
deficits $-fetcathinooyan-dryicxy)ppigdine %@mﬁ?@mﬁcﬁmﬁb’cﬁm@t%{? R@'H@@rﬁOstfdhesease
post encephghd. fl@&@% gabamat@@rrd&hla@%usmdn%vﬁmew@atefsamuraof

front otegora ar ki nson's Type (FTDP), Pick's disease,
Ni emann- PoR14S0 ase, Huntington's Disease, Huntington's chorea, tardive
dyski nesi a, hygarijmes| p@rrolﬁm QQI?MQJSV%t@HWrW£ﬂ6XWn§Me qraogr essi ve

supr anucl ear paresi s, res SS ob. di sease,
rruIOt i ;e RtAMBRGRyfically 3?&?8#’@ At Lhe[egn{ é‘¥ g]e ’E‘?ﬂoel'r 'iaé O('ﬂE%Q) 95]'?%? "8 %eur on
di seases &MNEB or difgltdlud/i--tamratecsmt aarend y a(dv&%)acemmbtoonmbelsai cath&glemger ation,

Qi | | ai n- Ba roni c an ating
pol yneur o?)aé ;toép%ﬁre ua%cﬁ%ﬁw&reagnlﬁnggrﬁ%\fen nr’r? mgfl&x(? ur naﬁ(8 JFBSOnt al | obe
epi | epsy, indadingnewgodeigensrative Qicseieess sewopsyphiariediserderal nedysggiodiserderpani c
A sorder San IR TRESbAE s ﬁ&fﬁgirgf?;fgm&mga%aﬁqg@su%ﬁma ekl ness,

i pol ar dlsor €rs, genera PZed anxi e er sessive conpul sive
di sorder, treaigepremrtb aeghitive defjsiie gind ds@ﬁ@pthméfaggrf?la@ﬂs?@ﬁ atherwise; gitenticaal s _
syndr ome, 4gdtlidrs Bhg Qéri‘!&\t@@qnér\]oﬁﬁh%se%g't&%fe@fbus%@@ﬁ§%9m@@gblﬁt' on, and eating

di sorders. Cognitive I npairnents or %/s unctions may be associated with
psychi at r diglugpaBeRsgieREOVIdRIIUEBFRIRAtiPH AQ reat gemvulsions @Rd EWB‘H'IeéﬁfeQraéH‘Ber@? her

psychot i CioQieaPhesd &sor&é?@'déﬂ'lp[]@lopé'En&ﬁdl&lvméh@doﬂsotowmda@egb St@r der,
schi zophreni f or m di sorder, schizoaffective disorder, delusi gnal C[eia{:sor der,

brief psy€deleflanregicneiich enaedated by EHBENS AINYPIERactgHEPRRFcR
di sor ger sinflalembtoryadispedees; ad piotidé paih retiofidnd ioarest infdetions} asaantidanfdctousier

cogni tive,_di Esofrgptgr Em éacé%”r?g nr%glbgriﬂ \Hn% in ecmntSGQmoR mel o(?so?é)e(?%]e SE%%S and. . i a,

i mpair menfde" seni
denent i a ofnditibes thbtthe corepdusds gﬂpﬂephaag@enmam@r@bonﬁmgftmmmamnhﬁmntlouewy body

derment i a, még (ﬁHééﬂrto ﬂ@ﬂ?b?&ent%@%gg%@aﬁe@ n‘?é?ﬁﬂ?i/ﬁﬁbalrﬁlbéﬁﬂ @ANB, mir@r ki nsoni sm

i ncl udi ng I nson's di Sease, cognitive inpairnent d denentia of
Par ki nsoncagnitive ispsismentd i ?%reiaf‘ﬁ%ﬁoﬂﬂ'ﬁ‘fﬂde& ”%‘ﬁﬁﬁ%l%e@%ﬂ"éldﬁg‘fe%t'a cogni tive

i mpai anéar9%§é¢dih)élrﬁé’r§'dl§EédeCsé?ﬂélUé1rnérﬂiaUdiémerﬂ§BEﬂﬁé inBeiftels typeot her gener al
nmedi cal C&{Z]dl ti Qn(i anxi et

d I but t
i sor der GPRIDRE® SHpsearRans AN ap SBPEUR (G e Ak B8 e oed0r aphobi o

dementia, AIDS dementia complex, vascular dementia, Down syndrome head trauma,

traumatic brain injury (TBI), dementia pugilistica, Creutzfeld-Jacob Disease and prion

diseases, stroke, ischemia, attention deficit disorder, attention deficit hyperactivity disorder,
35 dyslexia, schizophrenia, schizophreniform disorder, schizoaffective disorder, cognitive
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wi t hout history of panic disorder, specific phobia, social phobia,
obsessi ve- conpul si ve di sorder, post-traunmatic stress disorder, acute stress
di sor der ,wQensvmbi42ed anxi ety di sorder and general i zed &oXiustgooms@or der due
to a general nedical condition, nood disorders, including but not limted
to mej or depressive disorder, dyst hym c di sorder, bipolar 30depression,

bi pol ar mani a, bi pol ar di sorder, depression associated with manic,
depre55|ve or m xed q&;sodes i sorder,

ol r. L1 disqrder, cl ot hym c.
and nood dfeRAtioR inschig ht"’d“agé?@’tyg dﬁ@‘iﬁ*? H’aﬁ‘:ﬂg?)ﬁﬁ?w?’g r?g'é,{nsg P'@@ﬁncclf‘l'déngr ders,
i ncl udi n@akkitisoftetiskass p&tericoprayitrsmankinsaniding parkies@ysnpdementia of Ggemmi a, pri mary
hyper so narcol.e tNiBh der, sleep
terror g:? aﬁp&eg}poraggergérﬁrgpm ’%ﬁﬁmﬁ%@#@g %%E%n%%ag%et ar%nﬁgﬁg 35I ear ni ng
di sor der Diseast, ttuntiigtér’ sDidéaser HWIQQtOCéﬁm{ﬂ? dardive ﬁﬁiﬂ@@?d&p@rk'”ﬁ@? vasi ve
devel ”?Fgg%ssféb §9p(§)r%ﬁf r Eéléﬁ BHg%sxd@gddFéﬁucI@Qr%a%sﬁ \ﬂ&iléééﬂe@@}h@hﬂn%r

di sor att der, attention deficit hégel’ activity

di sor der Cf?@é@'ﬂﬂgk%hﬂiseé‘é% |’W§§t'R|.ﬁ %“dﬁ”é?é? amyptrqpRicAFe?! SAarPsitiibs MU adul t s,

tic di sordehn d|s@£ée'§1(ﬂﬂbb Qﬁhltﬁb]es@rs@ﬁf éiropﬁwmlﬁ@né‘cﬁhdoﬁés’ﬂ éshederaosrger s,
including but not limt 9Egésu st ance deﬁmg1 ence bstg]nce ab s

subst anc U\‘ﬂaﬁ‘t%ﬁﬁec%‘m’@ﬁ’e {2RA CRORic {NHAMARIArY d%{P%’B’h g PaYIRUPA Vs or der s,
anphet am@pRYIepasidh eduddson@t ddnkigant abadresl fdh&blbd@emlspmﬁfaelanmﬂe@ at ed

d d
h;F?’L5?L%@%?Q&agf%@ngh%‘%gﬂgr?a"%ﬂfﬁéﬁ spifeF et il oo s QReEET
ni cot i neexeésalvedayin&mmmsss oipolar disordérat getemiizedransiety, dlspmn@béqiﬁsdﬁne or

phencycli glmgﬁl_ﬁl/% Egg gle ?;g oq{bﬁgrfsd% ;:?csm?ﬁlg déffagw%lk&se TMQM %ﬁ\droﬁ{e

anX|ont| ers, ona di sorders, including but not
limted tautlsrmgb%andealmbntﬂﬂdmlwtqbeﬁ@cﬁﬁ’dlct@fy agd eafing SfsOrieEs- i nmpul se-cont r ol

di sor ders. og?lfm(?mggmf%té:mbﬂjhﬁﬂﬁs A bé hsREidRY $vntﬁ T8y hiatricltfisoRdbrd N

further detail or e Anerican Psychiatri¢c Associatjon:
Di agridst iat contitions. aurs es %C@IZORPHWM&P”Q)?thw(éﬂo“?ﬁ@?fﬂﬁér'§°'“¢%P‘f‘ﬁ‘°ﬁlﬂmf{eﬁon Text

Revi si on, i, WazhbtRHidrer [¥ehiz rilf@@ﬁ‘d|§’&M@rhécﬁﬁzbbﬁe0m&§dréérl @alsichP0. 15Thi s
Manual may al so be referre reater @L %h cf%lﬁrr(gé ogs and

di agnost i W%t%'?@%sygﬁ%éisaﬁd@ﬂ Sb\ir?q’l %’GB@FQI‘?@ eUsaQ PRIFNLLE d Py e Rdence.
One erfbgdal gepetal I‘n@h@él%&ndﬂﬁbn& dmtelnﬁak o dtrr@g(ogrmge disoflessy @oluding bﬂl‘d@é di sorders
in a subject her eof risi ni a ubj ect

((R) - 34( Hnitsd k“dw“f‘tﬂgf‘ Ve mpAITREH r@i}se%@%& %}en?' S.HePgﬁ._E -S%I %‘%"?pyri di ne, or
a pheﬂOna(rtementmldbmeamé;ﬂteaAdtlEIrsalsttyaehegeemayteerﬁ@nowhmpammﬁ@t LLewnbedye or

hem - gal 3(}%I fen %a&rulapéf%éﬁ@ ,leScHen{%nﬁé)J:Wéx Q]s‘ié?(rat f’éﬁ(ﬁrs&ﬁérﬁ mrcﬁ!l@l'hﬁo‘c or a

phar mace 0S| nprising said gﬁp I n anot her
enmbodi nerﬂarklmﬁ@n@rdsemes@egng lranwem@@t @!@tc@ﬂ‘eﬂP% c%'@’ﬁﬁoﬁls\%sm%fcﬂﬂ@?‘ieon in

schi ZOphrlﬁlBélﬁ‘héﬂ%Ultlﬂlz 306658 mlﬁﬁﬁﬁrrﬁeﬁ@baus% b BhiR&ictRih Midry,di sor der
(ADD), pre-senile denentia earfJ

onset of Az dementi a
of the Aldementisrdus te piser QWT%mQQ'EﬂQH“‘{"i“\?é ﬁ”ﬁ‘ﬁg(lq‘st?ér%’s "E@@'”ﬁié‘ggé‘? tated nenory
i npaizsrenimitedéb genicadordsn witedit @gérabl‘}db&r pariid dsdryferaiith agdaphdofDidi)raptabizone
B e A b Rl BT ol AT RIS PRI 20
t he vagusdisvedereost-tsadmadiomtréss disegier ccetetstress disorder, generalized anxiety disorder

and generalized anxiety disorder due to a general medical condition, mood disorders,
including but not limited to major depressive disorder, dysthymic disorder, bipolar

30 depression, bipolar mania, bipolar | disorder, depression associated with manic, depressive
or mixed episodes, bipolar Il disorder, cyclothymic disorder, and mood disorders due to
general medical conditions, sleep disorders, including but not limited to dyssomnia
disorders, primary insomnia, primary hypersomnia, narcolepsy, parasomnia disorders,
nightmare disorder, sleep terror disorder and sleepwalking disorder, mental retardation,

35 learning disorders, motor skills disorders, communication disorders, pervasive
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30magni tude of the innate inmune response by inhibiting the rel ease of
macr ophage tunor necrosis factor (TNF). This physiol ogi cal nmechanismis
known as wbeofoglesdsoner gi ¢ anti -i nflammatory pat hway" (seer/usesosss@npl e,
Tracey, "The inflammtory reflex,” Nature 420: 853-9 (2002)). Excessive

i nfl ammati on and tunor necrosis factor synthesis cause norbidity and even
nortality in a variety of di seases. These di seases include, but are not

limted t dve g EP&&?JF&QS dét@ﬁt%ﬁcﬁﬂélfjar%rotlé?ﬁdtl% E?h%ﬁ' 8I9%&ll§r%}{eln§0r] cﬂb?lgfi asi s,

asthma, a €rosi s, rosi s anmmat ory
bowel di séla@éef Eﬁfﬁm'ammhyp%%ﬁﬂutwqiwftfﬁ%ﬁ'nw q5ting diserderg %binfgHFevent ed by

adm ni st eghidBoddn6r éleﬁPQiH@QSrd@%SQII'nhubﬁﬂn ARbRER, édﬂé{aﬂg@reléiéﬂ digdrgergot |imted
to, chronic and acute inflanmation, 5psoriasis, dot oxgma gout, acute

pseudogout”duﬁ'ﬁﬂlp\ét ngblrmitedde purstance dépgngpfice ?L@Staf“?f’e EUEStEAChriti s,
ost eoast hrntdxlcatuonabubsﬁmaé wltﬂic&amtalwnol relatedtiisorderaamphétbiinee@y ect i on, ast hma,

th I d | i. Nj ' t hi
il T T TR SRR A e
di sease, amhalnta—rele’&pldrsatders/ haliusihogensrelateddiisorders, mhalaet-relawtdisrydads onme in
q | ] .
ol cer at | vl ERRS usbfiel BRBHaNMCR BBl FRRR IO ARio MIAMSREEE, |
gl oner ul oredgsént dlsorgerslamwsdmphhmmsc- orhmmiytilosqélgted dﬁafdngaPQfSW"tYhost
react hgn. dlg%éénﬂakgﬁ%b@agﬂmt%@ 16\t %én?ét @o%dMs?v@ pBRGh&RY @orddtdngr Viral
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The nervous system, primarily through the vagus nerve, is known to regulate the
30  magnitude of the innate immune response by inhibiting the release of macrophage tumor
necrosis factor (TNF). This physiological mechanism is known as the “cholinergic anti-
inflammatory pathway” (see, for example, Tracey, “The inflammatory reflex,” Nature 420:
853-9 (2002)). Excessive inflammation and tumor necrosis factor synthesis cause morbidity

and even mortality in a variety of diseases. These diseases include, but are not limited to,
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bacterial and other toxins may be effectlve and their therapeutic effect may be

complemented by co-administration with the compounds described herein.
Pain
The compounds may be administered to treat and/or prevent pain, including acute,
35 neurologic, inflammatory, neuropathic and chronic pain. The analgesic activity of
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of this invention may also be admrnrstered to treat convulsions such as those that are
30  symptomatic of epilepsy, and to treat conditions such as syphillis and Creutzfeld-Jakob
disease.

Diagnostic Uses
Another embodiment of the present invention relates to compounds that have utility

as diagnostic agents and in receptor binding studies as described herein.
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accordance with carrying out the present invention most preferably are employed in forms of

25  high purity. After the compounds are administered to a subject (e.g., a human subject), the
presence of that compound within the subject may be imaged and quantified by appropriate
techniques in order to indicate the presence, quantity, and functionality of selected NNR
subtypes. In addition to humans, the compounds may also be administered to animals,
such as mice, rats, horses, dogs, and monkeys. SPECT and PET imaging may be carried

30 out using any appropriate technique and apparatus. The radiolabeled compounds bind with
high affinity to selective NNR subtypes (e.g., a4B2) and preferably exhibit negligible non-
specific binding to other nicotinic cholinergic receptor subtypes (e.g., those receptor
subtypes associated with muscle and ganglia). As such, the compounds may be used as
agents for noninvasive imaging of nicotinic cholinergic receptor subtypes within the body of
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The compositions may also be administered using other means, for example, rectal
35 administration. The compounds may also be administered by inhalation, for example, in the
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One enbodi nent of the invention relates to admnistration of a
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escitalopram, sertraline, venlafaxine, and duloxetine), anxiolytics (such as alprazolam and
buspirone), anticonvulsants (such as phenytoin and gabapentin), vasodilators (such as

30 prazosin and sildenafil), mood stabilizers (such as valproate and aripiprazole), anti-cancer
drugs (such as anti-proliferatives), antinypertensive agents (such as atenolol, clonidine,
amiopidine, verapamil, and oimesartan), 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 therapeutic agents may be

35 administered together or separately and, when administered separately, administration may
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35pi n-hol ed al um ni um pan, was heated at 10 Gmin from25 Cto 175-200 C. A
nitrogen WD 2010/ 065449PCT/ US2009/ 066092 purge at 30 nL/m n was nai ntai ned
over the wanplwnss@dynam ¢ Vapor Sorption (DVS) SoPPTIUSR00096400ET NB
were determned using a SM5 DVS Intrinsic noisture sorption anal yzer
controlled by SM5 Analysis suite software. The sanple tenperature was
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10 Another aspect of the present invention relates to 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 therapeutic agents including
chemotherapeutics, radiation therapuetic agents, gene therapeutic agents, or agents used in
immunotherapy.
15  Low dose
((R)-3-((E)—2-(Pyrro|idin-3-y|)vinyI)-5—(tetrahydropyran-4-yloxy)pyridine or a salt
thereof is a substrate for Pgp brain pump which is located in the blood brain barrier. The
Pgp pump is responsible for pumping substances out of the brain. Due to this pump, itis
often difficult to get drugs into the brain in therapeutically effective amounts. This often
20 results in the administration of high doses of drugs, which at these high levels may have
side effects in other parts of the human body.
((R)—3—((E)-2-(Pyrrolidin-3-yl)vinyl)—5-(tetrahydropyran-4-yloxy)pyridine, although being a
substrate for the PGP pump, can be administered at low doses while at the same time have
a relatively long duration of effect. For example, compared to acetylcholine, the natural
25  agonist for NNR, the response for ((R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-
yloxy)pyridine is twice as great in the in vitro assay at a4f2.
One embodiment of the invention relates to administration of a pharmaceutical
composition comprising ((R)-3-((E)-2-(pyrrolidin-3-ylvinyl)-5-(tetrahydropyran-4-
yloxy)pyridine, or a pharmaceutically acceptable salt thereof, in certain embodiments, the
30  mono-L-malate or hemi-galactarate or oxalate or di-p-toluoyl-D-tartrate sait thereof, in
amounts of between 1 to 2200 ug/day. In another embodiment the amount is 50 to 1500
upg/day. In a further embodiment the amount is 50 to 1000 pg/day. In one embodiment the
amount is 50 to 500 pg/day. In another embodiment the amount is 75 to 300 pg/day. In yet
another embodiment the amount is 75 to 200 pg/day. In yet a further embodiment the
35 amountis 75 to 150 pg/day.
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Tenperature (C) 25 Stability (Cmin) 0.2 Sorption Time (h ) 6 hour tinme out
Chem cal Purity by HPLC Purity analysis was perfornmed on an Agil ent
HP1100 sewDes10gpsi4em equi pped with a diode array detect @CTAISA09S5GVG2

Chentt ation software vB. 02.01-SR1l. 20HPLC nethod paraneters for chem cal
purity determ nation: Sanple Preparation 0.5 ng/nL in acetonitrile:water
1:1 (v/v) Columm: Phenonenex Luna C18 (2), 150 x4.6 mm 5 pm Col um

e T S e A
or a pharmaceutically acceptable salt thereof, oin certain embodiments, the mono-L.-malate
or hemi-galactarate or oxalate or di-p-toluoyl-D-tartrate salt thereof, may be administered
one, two, or three times daily. One embodiment relates to once daily administration. Another

5 embodiment relates to twice daily administration.
Another embodiment of the invention relates to a NNR agonist which has a half life
(t,,) between 5 and 8 hours. In one embodiment the t, is between 6 and 7 hours. in another
embodiment the ty is 6.8 hours.
Another embodiment of the invention relates to a NNR agonist which has a duration
10  of action between 5 and 10 hours. In one embodiment the duration is between & to 9 hours.
In a further embodiment the duration is 8 hours.
In a further embodiment the agonist is an a4p2 agonist.
In yet another embodiment the agonist is ((R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
(tetrahydropyran-4-yloxy)pyridine.
15
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 percentages are by weight,
unless otherwise noted.
20 Example 1: Instrumentation and experimental protocols for characterization of (R)-3-
((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine and its salt forms

Nuclear Magnetic Resonance (NMR) Spectrometry

NMR spectra were collected on either a Varian Unity 300 MHz instrument or a
Bruker 400MHz instrument equipped with an auto-sampler and controlled by a DRX400
25  console. Automated experiments were acquired using ICONNMR 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
30 corresponding to a heating rate of about 5 °C per min.
Differential Scanning Calorimetry (DSC)
DSC data were collected on a TA Instruments Q1000 or a Mettler DSC 823e

equipped with a 50 position auto-sampler. The instrument was calibrated for energy and

temperature calibration using certified indium. Typically 0.5-1.5 mg of each sample, ina
35 pin-holed aluminium pan, was heated at 10 °C/min from 25 °C to 175-200 °C. A nitrogen
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Phase B: 0.085% TFA in acetonitrile Tinetable:

Time (mn) % Phase A % Phase

B 0955 255095 25.2 955 WD 2010/ 065449PCT/ US2009/ 066092 30955 | on
Data were collected on a Metrohm 7@CTAS2@OeILoNpact

Chr omat ogWwepn10/065449
| C (for cations) and a Metrohm 861 Advanced Compact

| C (for anions) using

| C Net software v2.3. Sanples were 5 prepared as 1000 ppm stocks in DVSO
Sanples were diluted to 100 ppmwith DMSO prior to testing. Quantification

ari son.w.t hd §vte?&g%ﬂp@9| uti ons of known concentration

was achi eved ?§80

of the i d"95&

ip)ysLLag dpaintame

Dynamic Vapor Sorption (DVS)

Sorption isotherms were determined using a SMS DVS Intrinsic moisture sorption

analyzer controlled by SMS Analysis suite software. The sample temperature was

5 maintained at 25 °C by the instrument controls. The humidity was controlled by mixing

streams of dry and wet nitrogen, with a total flow rate of 200 mL/min. The relative humidity

was measured by a calibrated Rotronic probe (dynamic range of 1.0-100 %RH), located

near the sample. The weight change, (mass relaxation) of the sample as a function of %RH

was constantly monitored by the microbalance (accuracy +0.005 mg).

10 Typically a 5-20 mg sample was placed on the tared mesh stainless steel basket

under ambient conditions. The sample was loaded and unloaded at 40% RH and 25 °C

(typical ambient conditions). A moisture sorption isotherm was performed as outlined below

(2 scans giving 1 complete cycle). The standard isotherm was performed at 25 °C at 10%

RH intervals over a 0-90% RH range.

15  DVS Generic method parameters

Parameters Values
Adsorption - Scan 1 40 - 90
Desorption / Adsorption - Scan 2 | 90 - Dry, Dry - 40
Intervals (% RH) 10

Number of Scans 2

Flow rate (mL/min) 200
Temperature (°C) 25

Stability (°C/min) 0.2

Sorption Time (h) 6 hour time out

Chemical Purity by HPLC

Purity analysis was performed on an Agilent HP1100 series system equipped with a

diode array detector and using ChemStation software vB.02.01-SR1.

20 HPLC method parameters for chemical purity determination:

Sample Preparation

0.5 mg/mL in acetonitrile:water 1:1 (v/v)

Column: Phenomenex Luna C18 (2), 150 x 4.6 mm, 5 ym
Column Temperature (°C): 25

Injection (uL): 5

Detection: 255 90

Wavelength, Bandwidth( nm):

Fiow Rate (mL/min):

1

Phase A:

0.1% TFA in water

Phase B: 0.085% TFA in acetonitrile

Timetable: Time (min) % Phase A % Phase B
0 95 5
25 5 95
25.2 95 5
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| on Chr omat ogr aphy nethod for anions: Type of nethod Anion exchange Col umm:
Metrosep A Supp 5 - 250 (4.0 x 250 nm) Columm Tenperature (C): Ambient

I nj ecti orwO4p10/@4Det ecti on: Conductivity detector Fl owPRatUS2¢0miomGon) : 0. 7
Eluent: 3.2 mM sodi um carbonate, 1.0 nmM sodi um hydrogen carbonate in water
10 lon Chronmat ography nethod for cations: Type of method Cation exchange
Colum: Metrosep C 2 - 250 (4.0 x 250 mm Columm Tenperature (C): Anbi ent

F [30 [95 [5 ]

lon Chromatography
Data were collected on a Metrohm 761 Advanced Compact IC (for cations) and a

Metrohm 861 Advanced Compact IC (for anions) using IC Net software v2.3. Samples were

5 prepared as 1000 ppm stocks in DMSO. Samples were diluted to 100 ppm with DMSO prior
to testing. Quantification was achieved by comparison with standard solutions of known
concentration of the ion being analyzed.

lon Chromatography method for anions:

Type of method Anion exchange
Column; Metrosep A Supp 5 — 250 (4.0 x 250 mm)
Column Temperature (°C): Ambient
Injection (uL): 20
Detection: Conductivity detector
Flow Rate (mL/min): 0.7
Eluent: 3.2 mM sodium carbonate,
1.0 mM sodium hydrogen carbonate in water
10
lon Chromatography method for cations:
Type of method Cation exchange
Column; Metrosep C 2 — 250 (4.0 x 250 mm)
Column Temperature (°C): Ambient
Injection (uL): 20
Detection: Conductivity detector
Flow Rate (mL/min): 1.0
Eluent: 4.0 mM Tartaric acid,
0.75 mM Dipicolinic acid in water
Example 2. Synthesis of tert-butyl (R)-3-(methylsulfonyloxy)pyrrolidine-1-carboxylate
(2)
15 Procedure A: To a solution of tert-butyl (R)-3-hydroxypyrrolidine-1-carboxylate (200

g, 1.07 mol) and triethylamine (167 g, 1.63 mol) in toluene (700 mL) at -20 to -30 °C was
added methanesulfonyl chioride (156 g, 1.36 mol) drop-wise while maintaining the
temperature at -10 to -20 °C. The solution was warmed to ambient temperature and allowed
to stir. The reaction solution was sampled hourly and analyzed by HPLC to establish

20 completion of the reaction. Upon completion of the reaction, the suspension was filtered to
remove the triethylamine hydrochloride. The filtrate was washed with ~600 mL of dilute

aqueous sodium bicarbonate solution. The organic layer was dried and concentrated under
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I njection (pt): 20 Detection: Conductivity detector Flow Rate (nL/mn): 1.0
Eluent: 4.0 nM Tartaric acid, 0.75 mMDipicolinic acid in water Exanple 2.
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(2) 15Procedure A: To a solution of tert-butyl
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time for each wash. The resulting organic layer was dried over anhydrous sodium sulfate
15  and filtered. The volatiles were removed from the filtrate under vacuum, first at 50 °C for 4 h

and then at ambient temperature for 10 h. The residue weighed 3.00 kg (106% yield) and

was identical by chromatographic and NMR analysis to previously prepared samples, with

the exception that it contained toluene.

Example 3. Synthesis of diethyl (R)-2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yl)malonate
20 (3)

Preparation A: To a solution of potassium tert-butoxide (187 g, 1.62 mol) in 1-
methyl-2-pyrrolidinone (1.19 L) was added diethyl malonate (268 g. 1.67 mol) while
maintaining the temperature below 35 °C. The solution was heated to 40 °C and stirred for
20-30 min. tert-Butyl (R)-3-(methylsulfonyloxyl)pyrrolidine-1-carboxylate (112 g, 420 mmol)

25  was added and the solution was heated to 65 °C and stirred for 6 h . The reaction solution
was sampled every 2 h and analyzed by HPLC to establish completion of the reaction.
Upon completion of reaction (10-12 h ), the mixture was cooled to around 25 °C. De-ionized
water (250 mL) was added to the solution, and the pH was adjusted to 3-4 by addition of 2N
hydrochloric acid (650 mL). The resulting suspension was filtered, and water (1.2 L) and

30 chloroform (1.4 L) were added. The solution was mixed thoroughly, and the chloroform
layer was collected and evaporated under reduced pressure to give a yellow oil. The oil was
dissolved in hexanes (2.00 L) and washed with deionized water (2 x 1.00 L). The organic
layer was concentrated under reduced pressure at 50-55 °C to give a pale yellow oil (252 g)
which "H NMR analysis indicates to be 49.1% of 3 (123.8 g) along with 48.5% diethy!

35 malonate (122g), and 2% of 1-methyl-2-pyrrolidinone (5 g). The material was carried
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that no starting material remained. The mxture was filtered to renove the
triethylam ne hydrochloride, and the filtrate was returned to the reactor.
The filtraibeowasstisbhen washed (2 x 3 kg) w th 5% aqueous Psodisaemlos@az bonat e,
using 15 mn of stirring and 15 mn of settling tinme for each wash. The
resulting organic |ayer was dried over anhydrous sodium sul fate 15and
filtered. The volatiles were renoved fromthe filtrate under vacuum first
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The organic | ayer was concentrated under reduced pressure at 50-55 Cto

gi ve a sewD-200ldes49hi ch was suspended in 1:4 ethyl acet &Ce/useooanes®9f50 nl),
heated to 50 C, held for 30 mn, cooled to -10 C, and filtered. The solids
were col |l ected, suspended in hexanes (200 nmL), and collected by filtration
to give 554.0 g (77.6% of 5. 1H NWR (CDCI 3, 400 MHz) 6 11.00 (br s, 1H),

‘?m63 2|(_|)m @ﬁb&%ﬁ?ofﬂ%c %J‘%g_ %@%l[_bwl'rh%b%gm% 1a9r W l_é@ co%bantra?edf(%ngﬁmur éH)B i 44

sol ut i on reducéiRpregsyrd at(G0eF% mewmméwmwrwaéwmfwded W hhe¥ni ¢ acid
(1.04 kg, gt %?hg%%(?@m@)éﬂ?&t@d’lo%’ @Yhél@kdr@brﬂm%oéléd #21690, amsutsrtwrred under

nitrogen a which tine T and Ep‘ilﬁadsbr%@tb%{ i.ndi cat ed
that the Tmeé@hdsmrmleﬁewpme@dedﬂﬁé@‘%‘&&1(4086“ ¥ '88 1925 c (4
h) ang C%ﬂ'@ig{‘@ﬁ' 6%) tthWEIJi ﬂMR((@:EJC% Jm)Mlai)ds M@Eb(& 184, 3GH (m, THE 3A5MAIr e was

t d I t 10
T R b s T e AT R D400 8 8L IR AEPAT 2
with MIB (99*)44 kg), stirred for 15 mn, and aIIovvedto settle (45 mn).

VTGE (9, 94 kopioistwe Fogh satot 8! Bz A R PRt e, v ¢
w(rjregcﬁlr g??ﬁ &g mﬁ@ﬁmgl) ﬁr femwmpymﬁlmm (6v@8 Rg)dvasHstized umdeesrl\(t:gﬂ:?rgtmp )

usi
15 mi'¥¥ of G SfPlf '?iﬂblt'”l% % %P%Yrgqs .9@8&&%{%%@%%{@ ? n@? esultlgng
sol ution mswbtm;eduMewaandrq}ditoaé @cﬁﬁhlﬁﬂdmmba‘@éw(@w@tek@z 8a'f*ﬂi ad| tered. The

filtrate \as @f%ﬁ%ﬁme nggfrreﬁ‘%@d%gly FUrQ@Wﬁ Génafthe'%ilhagés(\ﬂerb) to give an

solid. Thi's™s eat ed er vacuum for 4 h at 4 h and for
16 h at 2flo@d Ilomparatgz (T9h). g hed1ganicghase \ngsgcople/gt%,apg ywelﬁgu%s phase wad

Procedur e bn%[ﬂr BF(@@XPLQ@%&OP‘TS Rin, 4% MOwed Rseffedss nimy. Med erial ): A
stirred mx ureo ium e

oxi de in ethanol t e 343 g,
1. 05 tol )qrgamch@tw@e wase@!krﬁtya rapddhe %@W&Bhaaﬁwaa&é‘t‘lmﬁd % %ﬂ% §9 {21‘8% g, % 05
?g) ) . Wats 15 Pit ARQ afiRedlto Sethe (1'5Qmﬁ hiThe Mhrgé Urrgemwasa@ddecb eonsuirledt | on of
er

sulfon | ox X 8 g,

0. 592 nol%ndlwsé@%éﬂfﬁﬂt'”(efdbthﬂﬁ‘) VHW&X‘P% ‘g{éc“tq 'ﬂgrPOﬁPQ?C) § wéa(é \ﬁ’ieaétér;’ to 78 C
for d8f h. dEfa@ k@&%ﬁgwﬂﬁﬁ?bﬂéﬂﬂmga}w 15 gxun/\ﬁssetﬂllnlgurmedowanhwaam eFhgr@s@ting) and
acidified to M, HCI ture was
ext ract edsqmt‘PEWFBPh%‘?é’e qniydiops S%ﬁ"ﬁa&{% U@%\%ﬁ%ﬁ% S?h%@ﬁ%&aen\p%%t ed under
vacuugpg t Oco’hﬁérﬁrfacbdZ&Gelgemicea preadureiat 31 The i) éalgivg an selid. dtigseidwasgwatedt o a
22.5 wei ght ercent ueapls ~pot ). After
the addi t %% \’/%?Eu@é?fgﬂé?t% tcﬁg f@%@%ﬁﬂyﬂg%ﬂeﬁgt@ﬁrzéé i gg?pc?v\dgg to slowy
rise to 1©2.7&% ity &y @Cdi stillation of ethanol ensued. Wen the reaction

tenperature ha&ﬁr egaHC%I § ?str%gr?\hrgg sg@ﬂneéljg éf%dhljé i b Qg'stlaﬁﬂg %é@é‘rlageﬁystlhé‘@t I'ng was

conti nued for ‘ reaction imxture was cooled to
ambi ent t mixpee at sodiemeetdoxdeshmetiand! (2 weighi @asent343 9. 449 Mel) ethegolt he aqueous

l |
t %Srer%fﬁ ?‘Wﬁg %ma aﬁﬁd'cf’@fmf %f&h%é%@@”% MY s H@amlt@go theorit@ter na

his resulte manj on o @r ecj pi tate,
starting &@ thsHmisfureywesadded g solphen &f (BhierAulh3 \9\'B§t 7Y P@f%?%f PYHRY"™he filter
cake was waghgmt 1@@93@@9mo|y\mte@fanomhm D) ard thesadtidnetixturedess heatedion t o

afford 7779 °C for% g:ookgé reactlon mixture was diluted with water (2.0 L) and acidified to pH

= 3 with 6M HCI (100 mL). The aqueous ethanol mixture was extracted with toluene (1.0 L),
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1H), 1.98-2.05 (m, 1H), 1.61-1.69 (m, 2H), 1.48-1.59 (m, 2H), 1.46 (s, 9H).

Procedure B: Borane-THF complex (3.90 kg or L of 1M in THF, mol) was added
slowly to a stirred solution of (R)-2-(1-(tert-butoxycarbonyl)pyrrolidine-3-yl)acetic acid (683 g,
3.03 mol) in THF (2.5 kg), kept under nitrogen gas, and using a water bath to keep the
35 temperature between 23 and 28 °C. The addition took 1.75 h. Stirring at 25 °C was
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10settling tinme. The organic phase was conbined wth silica gel (140 g) and
stirred 1h. The anhydrous sodium sulfate (700 g) was added, and the m xture
was stirrwo 20063445 h. The m xture was filtered, and thecCTiusce@9/ocaRe was
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under vacuumat <40 C for 6 h. The resulting oil weighed 670 g (103%yield)
and contains traces of heptane, but is otherw se identical to preV| ously
15pr epar ed sanpl es, of nal ysi s

(R) - 3- ( 2- FaRERYRA fes ‘1*Fcﬁ#ﬁi‘6@&%)/3té??m%}f%)aﬂ?&?%IW"E%@?”‘B‘&%S&@P%E %a‘m”

Pr ocedur eméturd @agiccMduib <o *©aind eaintainetiyklow 25 °C as 10% aqueous sodlum

R) - 3-(2- | At |
o tr1 DR 76 REARRGY 3ol ke afflon ik i, Hhe pye bR sfffied ) s
Met hanesuh &25/1C, end tbnendem()lz@:i it (26 deptans/pthwlesetaiedéd) STWWU&)W%% to
20mai nf ai g L0 LBPRR LAY eroﬁlea"ccp%gbgra’célnfoophgs% (1F519Tl§éjér55ﬁ|@ﬂ1éé@%/a‘§’ar med to

anbi néf tenperature and stirre sol utioh was sanPI ed hourly
and anal ywighirawn, apd thetagueays haseswasceompinet MR asecade L it 91 upon

conpl et i ofeinefeddfhictite. TRIEWaSLtHdAs: 1ainahd blﬁfv@d to %ﬂirété’lﬁltdc ;bHa'fsé@(Qe was
washed with a_5%’sodi um bi car bonat e sol ut| 8% gt}ﬁ pg] an| c layer
was col | eBined TRaeraaris ARasewes foain ¥ibdrpwp.&ad g’tﬁﬁ? ned SERANIG ROAPSS ‘?ﬁ% sol ution
(230 25 nh%shetakxgh@émm queauﬁéotdmscmldbuwz@ aHingeth mmef nﬂunigamu gfebf (llP 9),
and concentrated upder vacuumtao | el | ow
vi scol® offting KngnvR'S EeRY'aP az?ﬁévaﬁll'%ﬁrj’g' élwgbs"(;g ge?a‘tgg)/%mal-?;'"g% 3 Zl 3.63
(m 2H) , 3amhgdions sddilm s@faB2(708 g) Bé$) addad, %dd (hms miktdye was @red rigr 11&0 Tie 05 (m

n| tr og]:ie?lsg'g’%k% ﬁ'l_% ||Eere<§ ag% rﬁ:?ut rrgaé%wf\rl e?'%glwgtﬁ i 19’4%)%?(3%?%&% g 7 Unde;ng

tert-butyrhd ﬁh)ratém(aﬁcmuéntnxydmdeyt/a)quymrabM@TG\@)F 8-hc dihe tesyltiag eil (eibeeddl; r e
sanmpl e f rg@%@@ atné cgﬁ%@%‘ﬁgws%f ﬁ?ptgnﬁoﬁuﬂ%)b%e |9éd1'i€£]% Br@v@@sl;kg) was

stirred a hanesul fony or| (470 g, 4.10 nol) was
added 18| opleparedsamples of 5y NMRcangyisisg t he t enper at ure bel ow 15 C u5| ng ice

Chis tenpErarpled (hBil )42 RedalbiusB) aReRiFHine Ledtbotladtn T 2¢
35i ndi cat ed t hBrocaduee Aedio Bisoltianes terbpyyl €Re3- (mrwmemvl@wva&d'@obl ed to 25 C,
and soli dg, ar Wgl‘aa}’%e @@ %{”r@é Hﬁ%@f‘\ﬁggddgé;?r%@%a@rﬁr@@a nfLh i t8fu8kk @B ntndnd he

filter ca hto 28 kg& frate was stirred with
10% aqueoeeplesdidi-ihithi Methanssalfeaylclogdg &P Uk, 205 “?ﬂ‘cﬂ) wasRAde slopl $8@8 er e

al | ongg t g ReRfhRtémpRiturGrdind.-5 1E @rmoqht@ha@@wmdttb@mbrém rred with
saturated aqueous sodi um chl oride es were

3.
al | oned t Enefiyrgead piredser hinTh t'BBWQgﬁ?’Bp'%E%'V\ﬂBQ aE%WﬁF’ Héﬁ'%ﬁﬁ% silica
gel (160 g3taigh corpleti dthfchB’reéctlbn desrydfnmlaos Odnetadfﬂosuhé abletidnSB filipredas

dded, d m xt ddi t he, 1j
aded. a0 L el ViR B 50l Ao B Tl s
filtrate vager mrnb&me@areldwashd:éwnth/asalumwtaqﬁébusSb@um$hhrld%1$niht10hé25roesuI ting

0|I ke i 98 of
é@gpu P{el)_ by aaan] X g ilgeéxeg (fif%rd o@@r é@% I e(iﬂl?gj E@ con-Ethgatéc? ddel 98 9
(R 23 nybon o VAT 8 005 bkt ph Alighigysjow viscous pi: CEQUMR GCRCEAOBMHA Pon of

tert-butyl 6R) J‘?‘é:(é n%téﬂ%'ssw é}rg%wwﬂw )un%/@ro@l scymezglz (reah ool @ e (49.0

g, 167 mml fumio - |rret hoxyet hane (450
m) was sfith 28 (@ 18H168 (@0 2 1v§°ﬁ 3'I(We1§bl1d§| %r?"o\;as sarrpl ed hourly and

anal yzed by HPP@cédllr@Qt @hbérﬁhﬂ@@éﬁ'aﬁﬁés@ﬁer@h §dngtioh @arieth9RMINdaes0 ¢.ongd et i on

f t 15 d t
Cer t -3t ofRuend BBy R oB e SR e bR SR A8 SRR, e o
bel ow 0 CEgxdhge Welamt:edme B 3<®3Jmel) wetslueveer (720 kgpwamdlirer and eeqiest tatduiCe and
stirred f (Meth]anpsulfz H‘?Pﬁe%ﬁ?o %’8421 erﬁgﬁ)wgéja&%b”s,omwa%r AN\ Ry tHELC to

establish co the r t1on. Upon conpl’etion of reaction, the
m xture V\éﬁmﬁqmtt‘@r@lﬂ’wﬂﬂ ‘Guisingdcekath egolipg. a'ffl?rfﬁ'é@fﬂj‘gase%[?@%"i( waMEddpVEr hasi s) .

The cake wasnwases an s t%n%era@ﬂé’bvﬁ?ﬁﬂwr@dhmf( H, &R which poitheC aaafdined

filtrates recnentr ted under, vacuu
35 |r%l?cated that the reaction was complete. CI'He rrsrr:}lxture was cooled to 25 °C, and solids were

35



yield an orange oil with suspended solids. The oil was dissolved in hexanes
(400 m.), stirred for 30 min, and filtered to renove the solids. The

organi ¢ Iwgepivmms44dri ed over silica gel (10 g), and coneemtusatgdecanzier
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was filtered through a pad of diatomaceous earth (400 g dry basis). The filter cake was
35 washed with 1,2-dimethoxyethane (1.6 kg). The combined filtrates were concentrated under
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A mxture of tert-butyl (R)-3-vinylpyrrolidine-1-carboxylate 9 (7.00 g,
35.5 mmol ), 3- brono-5-(tetrahydro-2H pyran-4-yl oxy)pyridine 12 (10.0 g,
38. 8 mmolwo 2paldeadbum acetate (0.40 g, 1.8 nmmol), tricyeCohszgopbesphi ne
(1.0 g, 3.57 nnnol) and diisopropylethylamne (15 nL) in
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5di at omaceous earth (50 g dry basis), washing the pad wi th diisopropyl
ether (0.60 L). The filtrate was conbined with diisopropyl ether (0.60 L)
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air drie It wei anal ysi s i_ndi cat ed

that the %Qﬁﬁ*@bﬁ@o &)t Fhe seseqngion g he?tﬁ%mrﬁgq@%mw%@ﬂ wgedltereddiieed to
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the solid produced an exot hermof 5-7 over 3-5 mn. The m xture was kept
at 75-78 C for 10 mn, to ensure conpléte dissolution of the solids, and
then cooled slowy to anbient tenperature (90 mn). As the tenperature
approached 65 C, the solution was seeded with a few crystals of (R)-3-



20((E)-2-(pyrrolidin-3-ypvinyl)-5-(tetrahydro-2H pyran-4-yl oxy)pyridi ne
nono-L-mal ate salt. After stirring at anbient tenperature for 1 h, the
suspensi omowan)/dosd4ber ed. The col | ected sol i ds were washedTwiseénBeg@popanol
(2 x 0.80 L), air dried for 30 mnutes, and vacuumdried at 78 C for 8 h.
The resulting off-white materi al wei ghed 297 g and was >99% pure by HPLC.
25Exanpl e 13: Procedure for screeni ng for salt forns of
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sol vent \Wagfbi ﬁsimnA'Th@Fﬁégebveréﬂrbwe@to%epér@{el{dedwacardqneorgembphasecet at e,
| sopropyl acetate, _absol ute et hanol acetonltrl | e tett- 35butanol,

tert-but yraseel@cwe Thg AdueoLE RRRSE MRS EXiEgcted with a Secoﬁqr%or[gbor}(ﬁjr'soé’focpéfh%h% was
avoi ded et be u§|a§ €5 Rifin SFLhikiAg hifd PEinMSf sétma@nmpyrrhamma dmaqoromeether

O e St e S SE FABER A P R R 88 ot e e
(R) - 3- (( presdure)s prUucH adatk pddw.swms) oil (53¢ g)etTmsr'qnd\raedEbIelped inidiisbpydpgixy) pyri di ne
e R0 e BB R B AN BBt Tobl e
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15  occurred as it warmed) and stirred until LCMS indicated that the reaction was complete.
Upon completion of reaction, the phases were allowed to separate, and the organic layer
was discarded. The pH of the aqueous layer was adjusted to pH 5-6 using 10% aqueous
sodium hydroxide (0.485 L) and extracted with chioroform (0.25 L). The chloroform layer
was discarded. The aqueous layer was then adjusted to pH >13 using 10% aqueous
20  sodium hydroxide (0.075 L) and again extracted with chloroform (0.50 L). The chloroform
extract was concentrated under reduced pressure to yield a red, viscous oil (55.0 g). This
material was a mixture of the desired (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-tetrahydro-2H-
pyran-4-yloxy)pyridine (~75%) and the corresponding Z (~5%) and “exo” (~20%) isomers by
NMR analysis. This result was reproducible over multiple runs.
25 The Z and “exo” impurities were removed from the desired (R)-3-((E)2-(pyrrolidin-3-
yl)vinyl)-5-tetrahydro-2H-pyran-4-yloxy)pyridine by conversion to the oxalate salt. A solution
of oxalic acid (53.2 g. 591 mmol) in a mixture of 2-propanol (0.20 L) and de-ionized water
(0.09 L) was prepared by stirring and heating at 50-55 °C (15 min). This solution was
added, over a 5 min period, to a stirred solution of (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
30 tetrahydro-2H-pyran-4-yloxy)pyridine (82.0 g of 76% pure by HPLC, 299 mmol) in 2-
propanol (1.0 L) held at 70-75 °C. The oxalic acid addition produced an exotherm (4-5°C)
that was controlled by adjusting the rate of addition. The heating source was removed and
the solution was cooled slowly to 45-50 °C over 45 min. A precipitate formed quickly,
beginning around 65-70 °C and becoming heavier as the resulting suspension cooled. The
35  solids were collected by filtration at 45-50°C and washed successively with 2-propanol (2 x
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denonstrated in Table 1, finding solid salt forns for
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rolidin- vin etra ridine
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L-malisg a@,gglz(gqs'&ga)algg(sea BX8mpRruls). neat) in three portions. The solution

was stirred ne (o] Q cet atr e was added,

heati ng was d.@é%‘t‘%%@%Jgﬁ)a}?%dﬁf%‘f'ﬁ? hﬂﬁ%agﬁ Lydg- 2f’#ﬂfn}ae_r} &ill hot. The

sol uti on wesy)@yritiaivercoxaiatec380 g) io detidnized watee (e L pvas sire@ 2nCroalgd th agiundr i ng

V\hereupon (ggt,egljr? 11110 rbgfﬁl Q\qhgcgu%% gm\?\»{%khﬁgﬁ{ cooﬁa/cﬁ&aélﬁ élq ?ciTal%r alt was

re-di ssolv aring, re- seed to stand
at anbi enperodrgp &5 anmkeenmqthmﬁtmr@ratmreubngmwr Czﬁhwrofcmﬁe(1r6els>uvqs|th@ gsidad.e- | i ke

crystghs ( éﬁd nﬁe%&tb% R tildd \ﬁé’&'&dsw"foﬂ( 3d Hn%b‘ﬁl?ere&"ﬁﬁr@%vé"fn&&ublé SRt ARy |

acetate r| ed under nitrogen for mn. 10Further drying in
vacuum ovéﬁalai@ Tooleyers were, ajomediofsgpialg: i”dZB?C@W@@AméaY% W COmRARA- I T ow

crystals gRie &ﬂai’eﬁ@%ﬂﬁe 6. ThjeHmW}% WdRBrred aftPndahRO: sbscongis4pnt with a

1:1 aci d: base stoichionetr DSC exhibits a single endot herm wi th maxi ma at
119. 62 C. covles terrmbienhienpaiaHraarefiterast ding f'ﬁfﬁtet\%asa@%%”ﬁtedﬂmﬁwﬁé“(%%o 400
MHz): 6 8p§b’§sdr§to Hroé‘t')ce aalgllﬂetﬁ Siscolis i (221 g58A(o§rt|oriof'ﬂ1|,s fleebdsd @16 4) Whs 6. 28

( d(212 % ad dlﬁsqj_ved u%zgg)p@ﬂ?l (ggh) he@eé?%% ?;lga tr ekig/slljl@cfaﬂ'g %’qujlé S Sc? Q@E Eﬁ]) 1
H) , g), using a 2-propanol rinse (100 mL) to aid transfer. Dissolution of the solid produced an
exotherm of 5-7 °C over 3-5 min. The mixture was kept at 75-78 °C for 10 min, to ensure
complete dissolution of the solids, and then cooled slowly to ambient temperature (90 min).
As the temperature approached 65 °C, the solution was seeded with a few crystals of (R)-3-
20  ((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydro-2H-pyran-4-yloxy)pyridine mono-L-malate salt.
After stirring at ambient temperature for 1 h, the suspension was filtered. The collected
solids were washed with 2-propanol (2 x 0.80 L), air dried for 30 minutes, and vacuum dried
at 78 °C for 8 h. The resulting off-white material weighed 297 g and was >99% pure by
HPLC.
25 Example 13: Procedure for screening for salt forms of (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-
5-(tetrahydropyran-4-yloxy)pyridine

Test tubes (4 mL), provided with magnetic stir bars, were charged with equi-
milimolar amounts of (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine
base and the acid of interest (neat) and dissolved with 500 pL of either 2-propanol or

30 acetonitrile with the aid of heat. If precipitation did not occur upon cooling, isopropyl acetate
(100 uL) was added as an anti-solvent.

If no precipitation occurred, the solvent was evaporated under a nitrogen stream with
moderate heating and an alternative solvent was tried. Alternative solvents included
acetone, ethyl acetate, isopropyl acetate, absolute ethanol, acetonitrile, hexane, tert-

35  butanol, tert-butyl acetate, and blends thereof.

40



3.25 (m 1 H, 3.11 (m 1 H, 3.02 (m 1H, 2.65 (dd, 1 H, 2.42 (dd, 1
H, 2220 (m 1 H, 1.96 (m 2 H, 1.85 (m 1 H, 1.68 (m 2 H. 1HNWR

(d6- DMSOWOQO10Mezd49 6 8.20 (s, 1 H), 8.18 (s, 1 H), 7.5PCTais2d09i9$q096. 55 (d,
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nL, 8 nL) and dri2Bl¢ 1AMl t 50 Cfor 3 h to
yield 0.861 g (50.8% yi el AC'QObased upon a 2. ?eéiélil ate stoichionetry,
corrected for purrty Ty Teterat Jpf —am of f-white powder. A
0. 765 g sanpl e of thﬁ‘écﬁ%t}'ﬁ@éfz’ \f/(\;/as recrystall |Iged froma m xture of 2-
propanol (8 mL) and waterAdific 3 nl), heated at @leflux. Upon cooling to
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wi th 2-propanol (10 dried un pr vacuum (w th an air bleed) at 50 C for
4 h and then furt@e)- (V)abgtﬁﬁ"mhio@ﬁ'f%"{h an air 9l eed) WO

2010/ 065449PCT/ US2009/ 066Q@#% at 70 C for 24t5bk%gumfford 0.441 g (57.6%
recovery) of an off- whlte to white solid, np 1 181 C. Cacl’ d for
C16H22N202 . 2.3 C2H204: Fémaig) 39 H 5 57; N °5 82 Found: C, 51.09,
51.24; H, 5.67, 5.66; I‘my;@cﬁen.CS 92 51H Nl\/aowa:gﬁ)m 400 MHz) 6 8.23 (s, 1

H), 8.20 (s, 1H), 7.96 .54 (d, 1 6.40 (dd, 1 H, 4.73 (m 1
H, 3.84 (m 2 H, 3.541 FﬂCh%“Tq) 3.45 (dd, 1®HP! 3.35 (m 1 H), 3.23 (m 1
|I:i)D, ?éggm %m Sﬂmydmybbnid)c 216(m hdldygum 96 (m 2 H, 1.83 (m 1
, m )= Examl-e "e“ara ion—of

(R -34(E)-2-(pyrrol |1d*Wr9§(y;?C¢ﬁpm7Tf 5- (tetra W"P&ﬁm an-4- 10yl oxy) pyri di ne
di - p-tol uoyl -D-tartrate (Xinafoic) To a stirred sol ution of

(R-3-((E)-2- (pyrrolldln,\;"“é(ll()w nyl)-5-(tetrahygropyran-4- yloxy)pyridine
(4.0 g, 15 mmol) in et hanol {12. 5 m.) sol utlon heated to 60 C, was added
solid di-p-toluoyl-Dtartavidlic acid (5.3 g, 1@ry$t?dﬁ) The sol ution was held

at_60 C for 2- 3mﬁw%§;’_wm_§§m@me solids, then the
heat source was renoved and the 15sol ution was cooled to 25-30 C over 60

m n. The resul ti ng susgBhbleodeligas hel d at 25-30I1C for 30 nmin, and then
filtered to collect thessphhgktic The solids wergywashed with ethanol (2 X 20
m.), air dried for 30 mn, then dried in a vacyum oven under reduced
pressure at 50 C, untiMetzanesniant wei ght was @4t ablished, to give

(R -34(E)-2-(pyrroli dameaTprjéhﬂy&) 5- (tetrahygnopyran-4- yI okApyri di ne

di -p-toluoyl-D-tartrate ﬁsgﬁ white solid (6.7 g, 72% . 20 NNNWR

anal ysis indicated a 1: "% ?”%tm chi onmetry. "NVR ( DMBO- d6, 400 MHz) 6
8.18 (s, 1 H), 8.15 (s, Stdcnic.86 (d, 4 H) TredBil (s, 1 H) 7.32 (d, 4 H),
6.43 (d, 1 H, 6.36 (m 1K) 567 (s, 2 H, 4OE9 (m 1 H, 3.85 (m 2 H,
3.49 (m 2 H), 3.25 (m 310(m1|—|) 8 (m 2 H ,2.39(3,6H),
1.98 (m 3 H), 1.60 p(-Tn!u@\esglfom%iZBu ol ogi cal AsQAys Exanple 17: Radi ol i gand
Bi ndi ng at CNS .

As demonstrated in Table 1, finding solid salt forms for (R)-3-((E)-2-pyrrolidin-3-ylvinyl)-5-
(tetrahydro-2H-pyran-4-yloxy)pyridine was challenging. Reported below are examples of solids
10  salts and their syntheses.
Example 14: Preparation of (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-

yloxy)pyridine mono-L-malate
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Preparation of nenbranes fromrat cortex: Rats (femal e, Sprague-Daw ey),
wei ghi ng 150-250 g, were maintained on a 12 h light/dark cycle and were
al | oned fwoeeonowesls to wat er and food supplied by PM NRCTiUS2@/066092
International, Inc. Animals were 30anesthetized with 70% 002, and then
decapitated. Brains were renoved and placed on an ice-cold platform The
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presence ghsgAMPEs, lstﬂrmf?@?fmoywi(rm 1912, BMcIde?Oz m\@jda 2. 20N 3H)ni cotine
for 2-3 h onice ermnted@@éﬁggm_g O{%’?El

nul ti - mani' 81 ?Hé&@@hﬁ\}'@s}@?("( BrtandeiNMR (eliMS(e A8 %0 si by GF/ B
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i nding. Ti e S i : CJ id was
added to I’P f'ﬁ%é\%@zﬂfﬁ zilrl'ﬁ %af’ {Ta)agﬁgcﬁmt f&%el-é%ﬁ]dﬂﬁl %I\k%{j g@ﬂ rate.
Filtees ware phrﬂlelly roaskad bylresioual MBSO 281 (datlil dAcZ. 14/4nt, Y HHo LAY (m02 thé. 8ﬁenbr anes
by i qui d(lgq lq |§83@ ?ﬁ counting (2200CA Tri-Carb LSC, Packard |nstrunents,
50% ef fi crency”or | % Trilux 1450 25M croBeta, 40% efficiency, Perkin

El mer) . Dé&xamplen&: Rreparatieef (RB3-(ER1tpwroligtin- bﬂbvipﬁlb-&ﬂenahy&drem% Wt hin
each assa loxg)%gnglgglog% {Lad 2-3 replicates. The replicates for each point

wer e aver age pl o fed agai nst the log of the drug concentration. |C50,
whi ch | S the cbmernlsolamqncnﬂ(b137tm@f BHpdHammelisaregediuewity) J0BPIORANDI t i on of

bi ndi g Lﬁamtaﬁ v%%seafewﬁtmaua%.dlw @%ﬁg S @%ﬁ;sa%l Digh it val ues

wer e caI cu ate usi ng eng- Prussof uation : (1
N/ Kd) whepee pprtien. tThe rewm@mmame.w sawrec[m atedte ﬁ%a'é?fBJXKé\f?‘gs?Wé affinity

of ni coti Rggdnto BMClpﬂﬁbWom tH@ﬁot'sBIuﬁorﬁ eI kBB bWaiMo)coolts amBleat 18:
gggbfgggi?ﬁgrﬁgf;ﬁgfgg%b ﬁﬁ@éggohgh s were f?terey[\lg{ucﬁnert} ashec}/\O th 2-propanoi (10 mL, 8
mL) and dried under vacuum (with an air bleed) at 50° C for 3 h to yield 0.861 g (50.8% yield
30 based upon a 2.3 oxalate stoichiometry, corrected for purity of the starting material) of an
off-white powder. A 0.765 g sample of this material was recrystallized from a mixture of 2-
propanol (8 mL) and water (1.3 mL), heated at reflux. Upon cooling to ambient temperature,
the resulting solids were filtered (Biichner), washed with 2-propanol (10 mL), dried under

vacuum (with an air bleed) at 50° C for 4 h and then further vacuum dried with an air bleed)
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Rats (femal e, Sprague-Dawl ey), wei ghing 150-250 g, were maintained on a 12
h Iight/dark cycle and were all owed free access to water and food supplied
by PM Nwoi2bioaes44at ernati onal, Inc. Ani nmal s were anest ireTiuse@dmbdoh2 70%
002, and then decapitated. Brains were renoved and placed on an ice-cold
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The hom)g@mf, rwayé%ﬁ@; I3 5eg9e9 aact: 54%99Q05 570, 5®2. Zumd: IT, 81.09, 4.2aNH, t he

resultin 8 re-suspended in 10 10volumes of ice-cold water. After
60 min i ne8b&G6N. 24i%c¥- a new pell et was collected by centrifugation at
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KCl, 1.47 KH2P 15Na2HPM4, 0.9 mM CaCdl 2, 0.5 nM IVgOlZ,
Invitrogeh%%qz'ﬂogﬁsg 43 ‘o a final concentration of approximately 2 ny

pr ot ei n/ rTExanFiﬂ@'aGalHnepwailodef eR)Fa' (t)e2-{py rrolidinriey iy o8- (tetsairydrenyran-4;  J. Bi ol .
Chem 93I 2)8 ﬁi. Sé%&t EB rﬁviene serum al bum n as the standard. The

bi ndi Ny of OPARYMNE Q™S °aY #H°8si ng a nodification of the nethods of
Davi es et al. Td\tﬁnmphﬂuhmo@&RBB((EﬁZ@py@@Mﬁ Y)Viey)ed-tietraydopaated by

ref erence WI fdnG = 25-35
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usi ng a 2sdid nnntdbmyi-@ftarmw 2did (3.3 pntdubaed).- oﬁhﬁ len M’@ﬁbﬁ'@@é@p ihforg=3@in|

mcro-tite Bhalkes I@féddléggﬂEléd &Efﬁ]e ?Jﬂeéjtthe%QQe Réht Qburbs @Ia@ie'ihol@@d aWethe in a
final incubation v8| une The i ncubation wa \/@2’ 81nd t he
'?'b‘é{%% h%‘i

f i nal 1% onewytion aes epolert tO[@QQVQNVﬁh@O minn Nihe Tesu!tiRg ﬁ'dﬁpﬁijs
term nat egs Ry 34 idid, bad tHé/H fitdred fecoR& fHatsBiids. qthatsauorslm washad with @@adolgdt 0

glass fiber filters (GF/ B, Brande|) u5|n a Brand sspye Harv er at
anbi ent t $Fpaatairgied for|30pia, tm@'egdb%é?f R Qyen P'?)‘f‘ﬁ Eeé’JH %g r8§su&%%%§i ni ng

0. 3ﬁ ;@potdh%ggxg @RStaRl g HE Was @ﬁu&@hétpftrgi‘{iw(@)-ﬁt((E)m-(lpthmgLn-Eyi)vimyID-lslte(rj was
washed wi ratur i ndi ng was
det er mi nedeRNYIRRYT 484}?%%’“@51 Fﬁﬂtﬁf%uﬁ%g? gea%s[?r\lj‘f Y\V}IIN% Sowg'ﬁé e/a wel | g
30T|heé® nhNNNMR)dhaQ'fslfs[lrﬁircﬂaMd%h bil sali sigictiyméetes t' HOMR (AMSS- dwaﬂ@owzeﬁrﬁ h&d by

i ncl udi ng e n n h o] | ected
wel |5 EabnTSBrEher B0 oRo i PonrT but el Tie B ph e EPTRBEOR T 138 Ver e
esti mat edsas (4, ReH)c0 AL enit T i)Y, BGA (0f 2 B Bp@Und 2 tHhal: 25 hi20it 240 60, Pk éddt of
specific E%I—%%éggég%m[}% %Qﬁ ?I'-I '1%6(&%'?15 ants (Ki values), reported in nM

were cal c va ues using the nethod of Cheng et al.

35Bi ochem Pharmacol . 22: 3099-3108 (1973). Selectivity vs. Peripher al
nACh Ml&lg ayknteraction at the Human Miscl e nAChR Subtype
Actlva?l S el -type nAChRs was established on the human clonal |ine

TE671/ RD, Ewsinple 175 Radidligend Binsing:at GfhniehRs: odha iG-S ona (Stratton et

glha,r migglr g'g:1ggﬁ@pngtlorﬁo%%eﬂﬂb?ﬁ%g)fromTrQ{e@o‘?tef?ehéé (RXBlESFrag G BRMEy)S that have
weighing 150-250 g, were maintained on a 12 h light/dark cycle and were allowed free
access to water and food supplied by PM! Nutrition International, Inc. Animals were

30 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 NaCl, 10.7 mM KClI, 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

35  the suspension was homogenized by Polytron. The homogenate was centrifuged at 18,000
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(Lukas, J. Pharmacol. Exp. Ther. 251: 175 (1989)), el ectrophysiol ogical
(Cswald et al., Neurosci. Lett. 96: 207 (1989)), and nol ecul ar bi ol ogi cal
profil es woubtoawssd al ., J. Neurosci. 9: 1082 (1989)) sipgiritseomostobr

nmuscl e-type nAChR. TE671/RD cells were nmaintained in proliferative growth
phase according to routine 10protocols (Bencherif et al., MJ/. Cell
Neurosci. 2: 52 (1991) and Bencherif et al. . Pharmacol . Exp. Ther. 257:

946 (1991 | di
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r enoved ahdnog%.\lzgﬂwthm Rcﬂyt@ﬂifq{ﬁSePWﬁoﬁfQF?'@P@“Cegﬁt'ﬁﬂ$ vergdetiminedi d was

added and g é ﬁ@%@& é(%QPRﬁ&ﬁ el it BBRARSUEREh Aburhih @Yk staidatd (Plerdd ON
counting. WTthin eac assa% each point had 2 replicates, which were

aver adad. ChemicakRAMRANSRACKBERAL- r el ease was conpared to both a positive

control (100 pikeibiahe gtdpa@)mr%r(dp@omgtawiswgc@ﬂtumh ahbad-e00 ag proein foo
determ ne the_percent

rel ea i Whe
appr opri af® 4 Ners IBg %E?\fgiﬁo’f‘“ @é)t“L(fS?ﬂ?S ﬁghﬂgb%pﬁé‘?’EF # ned. The
maxi mal a@bhfg@hdr@ﬁmb@mdl tmom\mwltmatoocmmoﬂadm [{HEneotne iers2- metmn? ned as a .
ercenta of .t n u oun
P oncont r afcaretpESar Fmiated 2 s lefloi R Gl Yt Bt belfsterBReBITPE 0 o
flux @as easlmersmn'@rl\m)nemlg GF/W@@&@SME@IW/I: pﬂ%%@ﬂ@n@@@%amuee 20:
I nteracti H g%ng T SH- SY5Y
a conti nugggg%cﬁg%ggm 5 ééem%ggl?:ag @%3 §§intﬁlﬁ1‘dn fg‘rdgﬁahtsa cel l 'S
| i ne, SK- RIS toiltgre hOﬂA@th@)Fheg'vaﬁbtd ﬁﬁs%t‘%ﬁ Flewed Fctﬁﬁuétb'ﬁ*tﬁrd:h't%%t”?fﬁh@”al

neur obl as EOiRed tgld‘et@/rﬁl?{e c&lidastiviry Bb@RISo theUREHEbrb Y Byl i Bid RERNRtér-stkagnget  al .
Mb/. Cel//. BNeuro

Human SH SY5Y cells i ntai ned | n
prol i f er af42P8CHT Ht&e}ﬁb bﬁ%speacg%@é’P%WSmFOSO% Sticiency or Wallac Trfix 1450
25  MicroBeta, 40% efficiency, Perkin Elmer).

Data were expressed as disintegrations per minute (DPMs). Within each assay,

each point had 2-3 replicates. The replicates for each point were averaged and plotted
against the log of the drug concentration. ICs, which is the concentration of the compound
that produces 50% inhibition of binding, was determined by least squares non-linear

30 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).
Example 18: Radioligand Binding at CNS nAChRs: a7 NNR Subtype
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routine protocols (Bencherif et al., MI. Ce//. Neurosci. 2: 52 (1991) and
Bencherif et al., J. Pharmacol. Exp. Ther. 257: 946 (1991)). Cells were
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maze ( RAMpohtaifikg 0538/ BoDAthyAsHeiniAS to reduce non-specific binding. Each filter was washed
with PBS (3 x 1 mL) at ambient temperature. Non-specific binding was determined by
inclusion of 50 uM non-radioactive MLA in selected wells.

30 The inhibition of [’H]MLA 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]MLA binding. Inhibition constants (Ki values),
reported in nM, were calculated from the ICs, values using the method of Cheng et al.,

35  Biochem. Pharmacol. 22: 3099-3108 (1973).
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conducted using an autonmated ei ght-arm maze (Med Associ ates, Inc.) The naze
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acti vity. niaotipddl aétivetion for individual compounds (Emax) was determined as a percentage of the
maximal activation induced by L-nicotine. The compound concentration resulting in half
35 maximal activation (ECsp) of specific ion flux was also determined..

46



20sanpl es were run al ongsi de the positive and [ [
negative controls. |ncubation
of %ezf sanpl es was performed at 37 C. Experimental parameters are outlined
i n Tabl e WO 208l68442: Experinment conditions for fl uoresceatasadp/oseeb bition
assays Enzyne anount (pnol/well) Probe Substrate KPO4 pH 7.4 NADPH conc.

| ncubation time EX/Em ?i, (nm Gain Reference inhibi
_ 1, tor CYP1A2 1
0.1M1 mM 20 min 405/460 20 Furafyllin e CYP2C9 2 75pM MFC SPM

Example 20: Interaction at the Human Ganglionic nAChR Subtype
The cell line SH-SY5Y is a continuous line derived by sequential subcloning of the
parental cell line, SK-N-SH, which was originally obtained from a human peripheral
neuroblastoma. SH-SY5Y cells express a ganglion-like NnAChR (Lukas et al., Mol. Cell.
5  Neurosci. 4: 1 (1993)).
Human SH-SY5Y 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. 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,
10  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
15  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
containing 8Rubidium 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 label-free Dulbecco’s phosphate buffered saline (138 mM
20 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
either 100 pM of test compound, 100 pM 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
25  measured by liquid scintillation counting
Within each assay, each point had 2 replicates, which were averaged. The amount
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.
When appropriate, dose-response curves of test compound were determined. The
30  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 (ECs) of specific ion flux was also defined.
Example 21: Novel Object Recognition
Memory was assessed by using a three-trial novel object recognition test (Luine et
35 al., Pharm. Biochem. Behav. 74, 213-220 (2002)). On the first day (exploratory trial), rats
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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 min. On the third day (retention or recall trial),
performance was evaluated by allowing the same animal to re-explore the arena for 3 min in

5 the presence of two different objects: the familiar object A and a novel object B. An inter-
trial interval of 24 h 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 assessed for each animal and
expressed as a ratio ((time B / time A + time B) x 100).

10 Example 22: Radial Arm Maze

Working memory was assessed in a radial arm maze (RAM) task. The RAM task was
conducted using an automated eight-arm maze (Med Associates, Inc.) The maze was
located on a circular table approximately 88 cm above the floor with overhead lighting in a
dedicated testing ambient and large, high contrast geometric shapes on the wall.

15  Furthermore, additional visual cues were located at the hub entry into each arm, above each
the food hopper and on the ceiling. The central platform measured 30.5 cm in diameter with
eight arms (9 cm W x 45.7 cm L x 16.8 cm H) radiating from it. Automatic guillotine doors
were located at the entrance to each runway with a pellet receptacle at the distal end of
each arm. White noise will be audible during all training and testing procedures. Activity on

20 the maze was monitored by tracking quantitative activity (generated by infra-red beam
breaks) on the computer interface and monitor screen.

Following the baseline assessment and after re-attainment test session criterion,
animals were assessed for their sensitivity to chemically-induced cognitive impairment using
the muscarinic antagonist scopolamine (0.2-0.4 mg/kg; s.c.). A dose of scopolamine was

25  determined for each animal based on the minimum dose that produced significant and
reliable cognitive impairment. Scopolamine was administered 0.5h prior to the acquisition
phase trial whereas, (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine
hemi-galactarate (0.03 mg/kg; p.o.) was administered 0.5 h prior to the start of the recall (or
test) phase trial. In the acquisition trial, one randomly selected arm was blocked with a

30 Plexiglas barrier situated just inside the arm, behind the hub door. The animal was placed
in the central hub of the maze with doors down. After approximately 10 sec, doors to the 7
available arms were raised. The first entry to each open arm was reinforced with a sucrose
food pellet. The session ended after all 7 available arms were visited or 5 min elapsed. The
order of arms visited, reinforcers received, errors (re-entries), time to complete the task, the

35 number of entries and time required to enter 7 available arms and consume food reinforcer

48



10 Quini dine CYP3A4 1 15pM BFC 0. 1M 1 nmM 30 m n 405/ 530 50 Ket oconazol e

WO 2010/ 065449PCT/ US2009/ 066092 Expected si gnal / noi se 15 -

4-15 | C5owO2aM 0664w ref erence inhibitor

1

-1 -

6

25 3-5 3-5 3-6
PCT/US2009/066092

10

15

20

were recorded. In the recall trial, all 8 arms were available, however, only the first visit to the
previously blocked arm (i.e., the arm that was blocked during the acquisition trial) was
reinforced. The session ended once the previously blocked arm was visited and the
reinforcer was consumed or 5 min elapsed. For the recall trial, re-entry errors, the number of
(incorrect) arms entered prior to choosing the arm that was blocked during the acquisition
trial and the time taken to complete the trial was recorded. The delay between the
acquisition and test phase trials was 24 h .
Example 23: CYP Inhibition Studies

Inhibition of CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A4 catalytic activity
by (R)-3-((E)-2-(pyrrolidin-3—yl)vinyl)—5-(tetrahydropyran-4—yloxy)pyridine or a slat thereof
was assessed using a fluorogenic CYP assay. Probe substrates which fluoresce upon CYP
catalyzed oxidation were used to evaluate the degree of inhibition of the test substrate. A
single concentration of each probe substrate (at approximately the apparent Ky, value) and
two different concentrations of (R)-3-((E)-2-(pyrro|idin-3-yl)vinyl)-5-(tetrahydropyran-4-
yloxy)pyridine hemigalactarate (2 and 20 pM) were tested in duplicate. Fluorescence
intensity at selected wavelengths was used as a measure of enzyme activity. Decreased
fluorescence in the presence of (R)-3—((E)-2-(pyrrolidin-3—yl)vinyl)-5-(tetrahydropyran-4-
yloxy)pyridine or a sat thereof was an indication of inhibition. Positive controls (known
inhibitors) wiere run concurrently to demonstrate method control and CYP activity. Duplicate
samples were run alongside the positive and negative controls. Incubation of test samples
was performed at 37 °C. Experimental parameters are outlined in Table 2.

Table 2: Experiment conditions for fluorescence CYP inhibition assays

CYP1A2 CYP2C9 CYP2C19 CYP2D6 CYP3A4
Enzyme
amount 1 2 2 3 1
(pmol/well)
Probe 20uM
Substrate 3uMCEC  75uM MFC 100uM MFC MAMC 15uM BFC
KPO4 pH 7.4 0.1 M 0.05M 0.05M 01 M 0.1 M
NADPH conc. 1 mM 1TmM 1mM 0.06 mM 1TmM
't?n‘igbatm" 20 min 50 min 40 min 35 min 30 min
ExX/Em A (nm) 405/460 405/530 405/530 390/460 405/530
Gain 20 40 30 10 50
Reference Furafylin  Sulfaphenaz  Tranylcyprom - Ketoconazol
inhibitor e ole ine Quinidine e
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or a sal to(e?%@'rnggwh ?erlc%(#t %‘ﬁa‘g%‘lé‘bﬁ@%%%sggy’g Q}gg@?ﬁﬁf finity and activation Rat
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15  cortical membranes.
(R)-3-((E)—2-(PyrroIidin-3-yI)vinyI)—5-(tetrahydropyran-4-y|oxy)pyridine or a salt
thereof inhibited the binding of [°H]-nicotine to human recombinant a4f2 nicotinic receptors

using h

with a K; of 2 nM and [*H]epibatidine to rat native a4p2 receptors with a K; of 4 nM.
(R)-3—((E)—2-(Pyrro|idin-3-yl)vinyl)-5-(tetrahydropyran-4—yloxy)pyridine or a salt

20 thereof inhibited the binding of [*H]methyllycaconitine (MLA) to rat native a7 receptors in rat
hippocampal membranes with a K; of >10000 nM. (R)-3-((E)-2-(Pyrrolidin-3-ylvinyl)-5-
(tetrahydropyran-4-yloxy)pyridine or a salt thereof also displayed reduced affinity for human
native ganglion-type nicotinic receptors (likely a3p4), inhibiting the binding of [*H]epibatidine
to receptors in SH-SY5Y membranes with a K; of 3400 nM, and reduced affinity for human

25  native muscle-type nicotinic receptors (likely o1 1y3), inhibiting the binding of [*H]epibatidine
to receptors in TE-671 membranes with a K; of 25000 nM.

Table 3. Summary of (R)-3-(2-(pyrrolidin-3-yi)vinyl)-6-((tetrahydro-2H-pyran-4
yloxy)pyridine, or a salt thereof, in vitro pharmacology

Target affinity and activation
Rat cortex binding K; 4 nM
Human recombinant (SH-EP 1) a4p2 binding Ki 2 nM
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human nativef$iiscl e receptors in TE-671 cells. ln-vitro-secondary

phar macol ogy mulbletrédepfor sere€irigassagr eeni ng as )y nicotinic
15(R) - 34( E) 2=(Pyrrofrdrm=3t)yvimyI)-5- (L et r anydr opyr an- 4-yl oxy) pyri di ne or
a salt thereof was tested for selectivity against a panel of 6§ receptors
At a single coGelalat efficacy Toé aitroofihgse studies was to determine fun&ong actwuyo{3 '
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(s, T L e S el Bedpa b 3 e
2010/ 065%?&/‘1%39@%%@9%0wing 24-h incubation at 29 °C. b &
(R)-3-((E)-2-(Pyrrolidin-3-yl)vinyI)—5-(tetrahydropyran-4-y|oxy)pyridine or a salt
thereof was tested in ganglion and muscle-type nicotinic receptor ion flux assays to examine
10 functional selectivity. In Ca™ efflux assays, (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
(tetrahydropyran-4-yloxy)pyridine or a salt thereof has an ECs, of 11 uM and an Eqa, of 13%

at human native ganglion receptors in SH-SY5Y cells, an ECso of 13 uM and an Enmax of 37%

at human native muscle receptors in TE-671 cells.
In vitro secondary pharmacology: Multiple receptor screening assay
15 (R)-3-((E)-2-(Pyrrolidin-3-yl)vinyI)-5-(tetrahydropyran-4-yloxy)pyridine or a sait
thereof was tested for selectivity against a panel of 65 receptors. At a single concentration
of 10 uM, (R)-3-((E)-2—(pyrrolidin-3-yl)viny|)-5-(tetrahydropyran-4-yloxy)pyridine or a salt
thereof inhibited the binding of labelled ligand only to neuronal nicotinic receptors (a-BnTx
insensitive) with 99% inhibition.
20 Inhibition of hERG
The ICs, for the inhibition of RERG (human HEK-239 cells) by (R)-3-((E)-2-pyrrolidin-
3-ylvinyl)-5—(tetrahydro—2H—pyran-4-yloxy)pyridine or a salt thereof was determined to be 84
M.

In vivo pharmacology
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On the basis of these studies, a likely pharmacological effect is possible when
35 dosing (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof
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0> evpy iing stae R SRS e Bl RicizRecho FeRACun A her YRR CYP2CO.

or CYP1 nane rece activation
(R) - 3- (( Est frial, pif Braoh$ Wene-aBailaple) haweypr) oBly (rteétra‘rtaﬁgtémbswemua'y 9\06‘5@59‘)8@% i di ne

was obser @fheP450s i s
bel i eved tegqgggrnrﬁe g\lat]wgasgn?(&ckte@%]gnﬁghﬁe 5@&:tlﬁﬁ:trféf)?\%gtrr]él?f85&gb‘%d 61% T fg?lémdl S

net abi8l i <AB3+0.Amgkeos. sAwasawmz@@reﬁth piipL sthe geagrisgtiondpal, and (

(R)-3- ((l%byr%né ﬁ’ﬁwi)ﬂhylﬁs (tet?aarwhaowraah)yro'iy)bmrream%wnyer@n(oaes/ﬂngmgbpgn. di ne or
a salt thereof |.ow hepati ¢ turnove La:é QE gﬂ__;m AI _ger M cr osones
or hepat d’@}ﬂﬂ/lé%p%"é@ﬁ%ﬁ”ﬁ'ﬁ?t?eﬂﬁeﬁﬂb?rﬂpﬁ%@e 5'3 ge¥EeatiRid%s8t h cyP2D6 and
FMD3 ContyT Vl%@deﬁ&\yaﬁdﬁyrﬁrﬁmiy@@byrﬁfﬁe@r a salt thereof was able to reverse

(R -34(E) rrolidin-3-yl )< et rahydr opyr an-4-yl oxy) pyri di ne or
a salt tﬁé?‘é’ﬁf%”? -RducRg R e)qegﬂéj( 8& hnce was expected to be the maj or

el i magat Imrmamoﬁwmmmtmsbw«:vmnmbttmnt maoctid/tmahs pdré, andtdnlig-drugar ance i n
human. Ther ef or e ap%t FI‘I ation of (R)-
3- ((E) - 2-'0%51ASHSN PRSIl v | ) vi ny1) - 5- (t et r ahydr opyr an- 4- yl oxy) pyri di ne or a
salt thereof metwhBDiirhibition desayausingdleoresceBYfuibpnatysramdpiecemnbinant erzyeesed t o be
less than, 2 [0l eG4 S inhibition by (R)-3-((E)-2-(pyrrolidin-3-ylvinyl)-5-(tetrahydropyran-4-
yloxy)pyridine or a salt thereof of the 5 major CYPs (ICs, >20 uM, Table 4). In addition, no
25  evidence of time-dependent inhibition of CYP3A4, CYP2D6, CYP2B6, CYP2C9, or CYP1A2
was observed. No PXR (pregnane X receptor) activation by (R)-3-((E)-2-(pyrrolidin-3-
ylvinyl)-5-(tetrahydropyran-4-yloxy)pyridine was observed up to 10 pM, thus the risk related

to induction of P450s is believed to be negligible.

Table 4

CYP inhibition ICs (uM)

CYP mediated metabolism

1A2 > 20
3A4 > 20
2C9 > 20
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10t he significant renal clearance and | ow hepatic cl earance. Test
conpounds for the experinents described herein were enployed in free or
sal t for mvoanw/o6s449not ot herwi se stated, the test conmpo®ad/tisg009/066092

(R -3-((E)-2-(pyrrolidin-3-ypvinyl)-5- (tetrahydropyran-4-yloxy)pyridine
hem gal actarate. The specific pharmacol ogi cal responses observed may vary
according to and 15depending on the particular active conpound sel ected or
whet her there are presgnrt—pharraceutiealrearriers—as well as the type of
phar maceut i cal conp05|t2Qﬂ9 and node of adrid¥i stratijon enpl oyed, and such
expected variations or|shgferences in thesrgsults are contenplated in
accordance with practiee—of—the—present—tnvention—Al t hough specific
enbodi ments of the present invention are herein illustrated and 20descri bed
in detail, theR)AVENZ@nroldinrbyl)vinybidt(tetrabdernytan-4-ow)yidoeodesali | ed
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t ol t h
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a phar macéetrafwaﬂor)ya'aéfyéw)aiﬂldmesfwhngaiaﬁﬁf@@f substantl ally free of
(S)-3-((B)-2- (ﬂéfer%%héh%nﬁacddg)c\é| R¥dolse éas@%a%qoungce&a.ﬂ g ¥ ey) pyri di ne.

6. A phar maceut | according to any one
of 15dbai Aepending op therpertsnlar wt'vﬁﬁ@f@p%ﬁdﬁﬁ'ﬁ@é@@ﬁ ‘Qé’@th t'lfé%éfﬁtpé?ﬂe@t adj uvant ,
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further conprising one or nore additional therapeutic agen 8. A
conpound administration employed, and such expected variations or differences in eresults are

(R) - 34( E) centérhivate@hn éijc&'d8nd,e®dlhrpjéclncéof(th@brre§émdwer}ﬁy)han 4-yl oxy) Pyri di ne

use as & 2omedhbaEPer BTG EPRRREHE Tyl Jupe ot 2 gTeLE 10!

met hodof odedchisedtin dxasilntba inventlonp) isewtintittotheefo. ahd\iaverdatailad debcditions ater
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yl oxy) pyri di ne or a pharmaceutically acceptable salt thereof in the
preparation of a nmedicanment for the treatnment of a NNR nedi ated di sorder.
11. The cwopouwngs44oet hod, or use of clains 8-10, wherei RCTHES2@996060dRr i S
selected fromthe group consisting of CNS disorders, inflammtion,

i nflammatory response 30associated with bacterial and/or viral infection,
pain, metabolic syndrome, autoinmune disorders. 12. The conpound,
met hod, g:r .use of claim1l, wherein the CNS disorder is selected from
cognitiv &f unction in schi zophrenia (CDS), Al zheiners Disease (AD),
attenti orwrdaelklclalrrMedah sorder (ADD), pre-senile denmentia (early onset of

Al zheimier s Dy SaRsele sABURALN R 2010L RBAATRETLISE 0RIACRBRZ Of Che

Al zhei ner' s type ai rne age associ ated nenory
i npai r rremalat%mrda itdraie of wyatﬁethﬁf@m[ hyper act| vi ty di sorder (ADHD).

13. Ag adni ni stRakIE).2LPHABR-Dfi)vRyRBHTBSRIHGA4-FOFRIRdIAE BEMICONDT i Si ng

adm ni stering
(R) - 34( EﬁaEC@W?’cﬁ hydrate o= spivetei therest. 5- (t et r ahydr oPyr an- 4- yl oxy) pyri di ne, or

a 5phar maceut g gRl)- bx@@qu@aines -Rlnt)-6 hetremiirdphraanppoky pyadindetaeeor & to 2200
pg/ kg. 14 h ound, nethod, use, or reginen of clains 8-13,

wher ei n fIH&2teRY sgnfz(tgjhereo?
2-(pyrroliding 3(R3-)3¥(E})21(nyiol|6hei ylﬁhnyu;lsqeyawdfc;@yv;ahetxwowmyndinmel g-slupylovi ded as

t he oxal ate, or di-p-toluoyl-Dtartrate
saltnB Petg?ra?e 5 a Mydrae grl%)ﬁ’af&q rF?lOd of purifying

(R) - 34( E) - 2- ( pYR)-OH{EH2r(PSrroliBin Ry W inyi5-5((teranyarpiraoPyylemy)pyridin® gl axy) pyri di ne,

with res
(R -3-(( %ﬁ 8@1 (L_&tfcﬁ@rg%éép(ia%e s:ilf)thereof s>ub%tarztlagy frr%e %;ésr;)o%/r a%-( pyrr_o {'ﬁ'%fé'y) pyri di ne

and (R)- 3L)\(Iﬂ¥|)(§39¢trablwrdbﬁaf34y|0mpmﬁm)9 5- (t et rahydr oPyr an- 4-yl og) Pyri di ne, by

conversion togpt f
e o 8 . ﬁ%ﬁ%@c@&tﬁa%’rﬁpoﬁ% SoRpBiSing B 3bmpsur@factdiging keanyloas f

(R) - 38( EXlaimg pirs and QﬂerprmomphaymycesAI'Qad'é??CSH%P&gW%fﬁ - GRITIEH FRFTHEN di ne

through the int epdmdiAcbutRbl déﬁlﬁosﬁtfon deléi’m@ffurﬂieﬁédﬁ)bhsmﬁne%f(rﬂafe(édﬁltlbnal
15but oxycar bonyl ) pyrroli di n-3-yl ) nal onat e,

(R) - 2- (1 theraneplioagedxycar bonyl ) pyrrol i di n-3-yl)mal onic acid, tert-butyl
(R) - 3- (2- hydr gnpebRpsuny (R)0-{(H)-DePytrofdin-BYNiihyit B(teteangdropyran- Baytoyy)pyr)ne3- ( 2-
| odoet hyln%&%rLr-r?\LIIa%I orr]%_er%i_-geﬁarcl?a?ét)élo?g%latez gr di-p-toluoyl-D-tartrate for use as a

20 medicament in treating a NNR mediated disorder.

9. A method for the treatment or prevention of a NNR mediated disorder comprising
administering to a mammal in need of such treatment, a therapeutically effective amount of
(R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a pharmaceutically
acceptable salt thereof.

25 10. Use of a compound (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-
yloxy)pyridine or a pharmaceutically acceptable salt thereof in the preparation of a
medicament for the treatment of a NNR mediated disorder.

11. The compound, method, or use of claims 8-10, wherein the disorder is selected
from the group consisting of CNS disorders, inflammation, inflammatory response

30 associated with bacterial and/or viral infection, pain, metabolic syndrome, autoimmune
disorders.

12. The compound, method, or use of claim 11, wherein the CNS disorder is selected
from cognitive dysfunction in schizophrenia (CDS), Alzheimers Disease (AD), attention
deficit disorder (ADD), pre-senile dementia (early onset of Alzheimer’s Disease), dementia
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of the Alzheimer's type, mild cognitive impairment, age associated memory impairment, and
attention deficit hyperactivity disorder (ADHD).

13. An administration regimen of a pharmaceutical composition comprising
administering (R)-3—((E)-2-(pyrro|idin-3-y|)vinyI)-5-(tetrahydropyran-4—yloxy)pyridine, ora
pharmaceutically acceptable salt thereof in amounts of between 7 to 2200 pg/kg.

14. The compound, method, use, or regimen of claims 8-13, wherein the (R)-3-((E)-
2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine is provided as the mono-L-
malate, hemi-galactarate, oxalate, or di-p-toluoyl-D-tartrate salt thereof.

15. A method of purifying (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-
yloxy)pyridine, with respect to isomeric (R)-3-((Z)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-
4-yloxy)pyridine and (R)-3-(1-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine, by
conversion to the oxalate salt and re-generation of the free base.

16. A method of making (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-
yloxy)pyridine through the intermediacy of one or more of diethyl (R)-2-(1-(tert-
butoxycarbonyl)pyrrolidin-3-yl)malonate, (R)-2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yl)malonic
acid, tert-butyl (R)-3-(2-hydroxyethyl)pyrrolidine-1-carboxylate, and tert-butyl (R)-3-(2-
iodoethyl)pyrrolidine-1-carboxylate.
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