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concentration profiles of drug upon administration to a patient are also important factors.

1



Racem ¢ 54(E)-2-(pyrrolidin-311)vinyl)-5-(tetrahydropyran-4-yl oxy)Pyridine,
its synthesis, and its hem -galactarate salt formare disclosed in WO

04/ 078752vahionesst7i ncor porated by reference, and its cedmuse@ans@s3 Because
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I n one enbodi nent of the aforenentioned conpound, nethod, or use, the

di sorder is 25selected fromthe group consisting of CNS disorders,

i nf | ammatworpioassd4amat ory response associ ated wi t h bactemritakooanadoss vir al
i nfection, pain, metabolic syndrome, autoinmune disorders. In one

enbodi nent, the CNS disorder is selected fromcognitive dysfunction in
schi zophrenia (CDS), Al zheiners Disease (AD), attentl on deficit disorder
(ADD), pre-senile denmentia (early onset of Al zheiner's denenti a
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Pr esenre Grhibhestl Rbdicdthdri FortRe FEatRIcnPEr LPANRNMRedih@H dRdrder.
In one embodiment of the aforementioned compound, method, or use, the disorder is
25  selected from the group consisting of CNS disorders, inflammation, inflammatory response
associated with bacterial and/or viral infection, pain, metabolic syndrome, 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
30 impairment, age associated memory impairment and attention deficit hyperactivity disorder
(ADHD).
Another aspect of the present invention includes an administration regimen of a

pharmaceutical composition comprising administering (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
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Figure 1 depicts novel object recognition (NOR) vs. dose for
(R-3-((E)-2-(pyrrolidin-3- yl)vinyl)-5-(tetrahydropyran-4-yl oxy)pyridine
or a sal twohercawh447herei nafter referred to as 30ConpounaCAUS2MSNet8St i cal |y
significant effect was observed for doses as |ow as 0.004 pM kg.

Figure 2 depicts novel object recognition (NOR) vs. tinme for
(R-3-((E)-2-(pyrrolidin-3- yl)vinyl)-5- (tetrahydropyran 4-yl oxy) pyri di ne

or a salt thereof, Compound A, a dose at 0.004 % A st tlStICé}H
si gni fterahidrenyranf-1exy PyRdBe. A @ wm?@%ﬁa'%aﬁc@ﬁfpta‘% Ayth efechjamotints o

2010/ 066083 Fi gure 3 depicts results of Radial Arm
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i ndefinite terns are use el r accepted neani ngs. 10As
used Ibetoxycarborydpyreslidin-3-ghmelondtesjR) -My(t@ébutgwafbpn pirdligia-3-yldealprise f or m

(()rR) al:%ta(%{dg t’{zb“?ﬂﬁ} g](?%yﬁro§§){;ﬁgl@&rrol'c¥n%1 {: g rebt0 ?( t&d?%dptﬂt abnunﬂ 1 y) Pyridi ne
grEor mcguerr-l)ygzy}:aqgld{mﬁgn?rbwyﬂdie context, which will be readi I y appaggnt
se ski -
udld her e n‘\“°{'}‘?éaﬁ?ﬁ°$w Udﬁﬁgr'?r%ﬁ%(ﬁ?l c%‘% '?%/a:g gﬁgﬁéﬁﬂroﬁ éj'%\)c”%)eé;arrl er(s),
15di | y @Erbﬁﬁc)ljr?%ﬁxijlcﬁdymyﬂ&hnénhreﬂghthgcnmtaﬂnemiadyhéongnpmr&jofcﬁletﬁyir(ﬁmrﬂlf)(:-l t hat
t
el et QA BRLODE AR IRUEP A BTTRE Aot nhoetT A CBRERSRRS- "t g

used %Fr%ld’rh;c éd’@ t@rlﬂba@e R)m@rmméuhqmyr@nadew -gaeffexykate, @nd tethutgLIRY-3or
corrp05|t|on anda swta |l e for use as a nedicine. Wth reference to

the di 3‘6‘&%0§Frtyﬁpﬂéqhginﬁ - %B%Y%ceutl cal grade conpounds of the present

I qgent i on, Wﬂér%b@eﬂhw@ebb rﬁéth@@oﬁhamﬁ@fan-mtwmlam vinyipyerplidiag-¢- pr operti es,
including purity, stability, solubility a &E@gaﬂq (gl ity for use in a
drug pegpxylate threugh theintesmedingy g@qr@rqrg@qrggf REY &t hat woul d

i ncr e%)@/@ﬁb@ﬂﬁﬁy%hoﬂ élyﬁh\%WteO(Fé)E%@ﬂ té‘#-bUtron&frbdr{yQpﬁfdhum ymgaledicent and

its co rtron Tnto a comerci al roduct. Furt errmrgéa(garrraceutlcal

gr ade aﬂﬂn{ﬂmmﬁ' (&9~ 3t(ﬁ@¥ﬁ'f°é%@h¥'>ﬂ¥ﬁ9%@? 6ﬁaﬂ%§’9‘y'8@ 8 (A1 praY;( sing a
sterquﬁﬁ%aﬁ)ggrram%hﬁgé@oimg i's scal abI e to a Iarge scal e production,

nanmel y ing adequate purity and y sed herein, t he
t @m " phar rrghariasaect dwisies iarmethod PferéménSl (R 3 66)1%6%&3“61“ e ent

| nvent i gy gcﬂf)hﬂ'gﬁw )XOWH&F\@ Wt Fésﬁ@ﬁ t@{soffierie (H?)h@f((@-QQHWr&@H yymEegPsabl e

carriers, XCI pi ent s ar maceut i cal n})om ti ons preferably
exhi bi (tetmhyiergpwendfyletyiniridine\and dRB 8 pyrsfidieri d) V'rb/Brﬁj tetrabyydropyransd-t o make

them s)}t'&y?&lngmg%y DEHVEE A A DGk S50 HRE FEéHer&RIni P fhe free base.

Combinations of aspects and embodiments form further embodiments of the present

25 invention.

Brief Description of the Figures
Figure 1 depicts novel object recognition (NOR) vs. dose for (R)-3-((E)-2-(pyrrolidin-3-
yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof, hereinafter referred to as
30 Compound A. A statistically significant effect was observed for doses as low as 0.004 uM/kg.
Figure 2 depicts novel object recognition (NOR) vs. time for (R)-3-((E)-2-(pyrrolidin-3-
yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof, Compound A, a dose at 0.004
uM/kg. A statistically significant effect was observed out to 8h after dosing.
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pur poses. As used herein, the terns "effective anount”, "therapeutic
anopunt”, or "effective dose" refer to an anount of the conpound of the
present iwoentowmws4gufficient to elicit the desired WD PCT/US2009/066083

2010/ 06544 7PCT/ US2009/ 066083 phar macol ogi cal or therapeutic effects, thus
resulting in effective prevention or treatnment of a disorder. Prevention of
the di sorder may be nmani fested by del aying or preventing the progression of
the disorder, as well as the onset of the Séggtons associated with th

di sorder. Tigsse Auiepictsiresults afiRagiabiam M?}%BA fydiagt iB yhish R)deléfletise or
elim g@}r}oﬂanoj %W@téjg&ra@ldm@nu @5¥rfoﬁéeér$aaéalﬁﬁekbme RhRuRgA, on of the

di sor con Ion to the well being of the

pat i evercomes scopRianinge |mdueedjﬁgfm§yetdjelraﬂlaimfré ni@2eai | bel ow and with
reference to Figures 1 and 2, a statistically significant effect is
observed for doses of the corrpound of Formula |, or a pharmaceutically
acBept abl e salt thereof, as |oWeiailes D@sprmm@g, i ncl udi ng effects observed
out 1(He9m§ after dosi ng. The effective dose can vary, dependi ng upon
factors QUK as the condition of the patient, the severity of the synptons
of the di sdihddollowingidefindionsareemeant tovbliadty, bwtmoplimit rthe tanmnis sigfinecbnpasi tion i s

adm ni st.ered, Thus f e t han 100
o, | ROLRUEh S aEe ARk B Ty SRy dted SRR et EaRRRITRE cRRebERA 0 o
10 ny,indefinite) Iaathéhearmrdwdsedewithmmacbemedr@an‘ﬁgese effectl ve doses
typically rep anount adm ni st ered a_si Q S one
)48m)re dof@s“sgaﬁ’ielzﬁ'%t*é‘? é&noggpp%nghs)hm%s?gaeda% mean {?‘%sfre&s ggﬁ"r&e. n, the
phr af%lte?ﬁbﬁél%%ﬁ/dawfbm% oiO(R%PS((E)f-z qiyerbm{nry% mg@yl)ﬁwtetmydmpymnf@oﬁ pyrudmleu;jes
greater an refera er an an er.a reater
than Abogua ‘? ¥ glontﬂf‘\%l 3/’5%9 ‘?aﬂl? clyyill ggea an@ﬁrenﬁr%g%%s(?(d'ﬁgl {h%agtr

puri t Yyl g@g’ﬂgt@grs dgLﬁéhathb|dlfieYenc€S defined herein incl udes chemcal
stability and solid state stabjlit em ca@)stabl lity"

i ncl udes’ t ¥ YeOdierein) thePheess é’héﬁT\‘/‘t‘%e“BFa' V@CFH@QFﬁ r%fﬁrsi @79 ated form

Of5i N oﬁlﬁ%t(s?ré%b@fenﬁ(sp&%’aﬁ&mtdf(ﬂ@é CEHRPEPE o FOIniIA | hat gﬂ@ dompasiblervatnitieked i n
adm xture with 8 armaceutically accegt able carriers | uent s, exc pi ents,

or adehP&iﬂQéed' t%cqmpoaw%?%q Nl gelstpEorsiorie @G@W”éa%f thae phasMegeuticabsul e, or

the likmpokifiglgr nornel storage conditions, with an 25insi gnl ficant degree
of chem gal degradation or deconposition, and the phrase "solid state
stability" As U‘F@P'lh‘@é%n the Phygse rhaamaceayitisal grades sfers t8R QORPOHAY 8HEFBRPSItRNan

' SO' ato‘?ﬁ shfHabrl gtﬂﬁﬁbé&rus'erbstehﬁe&gfng‘ QitrfrefPbn @ 18/ MBERYIoh GRlei§,0MPOSI ti on

I'S provi in adm xture w th pharmaceutically acceptable
caor i ahgrm@nauu@amsadee;@mq@ue@ﬁ gf th@ﬂ%@]’ﬁﬂ)‘éﬁ'ﬂﬁ'@” patigylagly sl fmsdheiroosage
form b hig/ 1808
condi tléob(ﬁ”{s~|y éap%ln?pwta?é%rﬁhem % guanrﬁ eﬂglrt%%ol(#ﬂgﬁFpgﬁg@lg%neaﬁt@;nsf oerlprgti on,
such abugpreduct! IArefatantial, chawtqrﬁl@ﬁ in¢lage thore thay Wodldgneieaseptha $8s¢ Pansi t| on,

hydr ate{ﬁ%&ncg%mﬁgﬁ%gﬂfb of iRk \é@ﬁ\)echﬂ%eg Entdﬁ?ﬂ{sv&trﬂéﬁerftlon into a commeEAERI &

"nor ma age con I ONS ncl one oOr nper at ur es Of %et ween
-80 Cmmixc!SOthqnmevreepaarmacbeumé@mde cqrnamhdais(pf@%;vrQSerryeph@T wepbby anbi ent

V\95201041t9|g§ %’J Esgiﬁé 9%%99(?5@%999 §ththesis that is scalable to a large-scale production, namely
displaying adequate purity and yield.

As used herein, the term “pharmaceutical composition” refers to a compound of the
present invention optionally admixed with one or more pharmaceutically acceptable carriers,
diluents, or excipients. Pharmaceutical compositions preferably exhibit a degree of stability to

30 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
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tenperatures, such as 15 Cto 30 C, pressures of between 0.1 and 2 bars,
preferably at atnospheric pressure, relative humdity of between 5 and 95%
pr ef er ablwoR010tw540% and exposure to 460 | ux or | ess ofcowseemiobdoss | i ght,
for prolonged periods, such as greater than or equal to six nonths. Under
such conditions, salts of the invention nmay be found to be | ess than 55%
nore preferably less than 2% and especially less than 1% chemcally

degraded or deconposed, or solid state transforned, as ro |ate The
ski | | ®hareacologica mthar@a%t& effestst thye r?%lﬂﬂ%@@%%?f%ﬁ%@\fg’ﬁ@g e of Buer

L m t gidofder! PRRVBRIGHHGAne BsERIBHMAY bBMarifBsaY 'bV@ebV%djrfpbbv"eﬁWgem@nt extrenes
of nornal storage conditions, and that certain conbi nati ons of the

ext r empEegressian ofdke disorsiep @k iwel @ dheianset gf the siaPtossssgeiated wth the P'@Hﬁj@f ature
of 50 Tpea?ﬂgntaofwalgérﬁw ﬁ'lg?iae ChahifB&Ed by a decrease 6§elHﬁ|ﬁ9t|dF%f%'yﬂmptdn|f§3 term

"di sorder unl' ess stated” ot herw se, neans any condition, %/sf unction, or
di 5easwibitiarowiraversalwf the pumessier pt the diserder, asyveliasnaripgs contribution to the one

enbodi e ent invention relates to
(R - 3- ge O(rtﬂn:“r?%eﬁgl n-3-yl)vinyl)-5- 15(tetrahydr oEyr an-4-yl oxy) pyri di ne

(Formul a | Asowill be plsausaedén mocadiétgil adc‘emndmlfé r g@reem@ﬁ@ wores Fanddla | As

Wl %Fatlgf?c%rllﬁﬁi;gﬂﬁg%t@‘fe&n?385 ?o‘ dﬁafgoée@ otfp'% é%%pouqh %l‘?rmla n%prbng

conventl ohs npound A nay be naned
( R) - 3phamaczuligally motaptibie Salt/thprsofiyas)owas wa/wymlww gifedds ghseRyeABHE i di ne
or al tgrh?ég? 51%&(% R afck 3e &}n \g!r)r' dgpé(rgcﬂ Lﬂd‘%lf)actéﬁ(s(ﬂ%ﬁtag"{‘m rfdition

py? pyrldlne conv 1 ons s not be used t
| nt r oddfithe mam‘entgthets,evemytohtm sayptptnnhs cfethe disorder, and the maoner iemhistithent , t he
conpou

h | ] , f i
ubet heraraepo fafopsif, S BELTREETO8 A s REIHE M oo AR Rl oL°
(Zgl)l)hgﬂmctﬁaﬂzﬂ(%minbymﬁmmt atmlbecljlsm!nt Ie':sihmae(ﬁgo mg, is absthaMmmdimehtrless tbfn _13_

rrol.l dl nN- o= VA e I .
| ondh b Bt bR Sriked A R TR P bR R sy e < "
aq septaalé&?t s@hinistdred aok sirylepdeEeeoi as dSheaasr mmmmbes)édmlmcsi&reaﬁ%dg/%v\lai ght

onpar e 0]

(S) 3-PE(8S-- 2- (pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yl oxy) pyri di ne,
pref erabl y oAdRed kR0 ahd ArBse / édSQQQQéIQG&Oﬁﬁflcﬁérﬂ@t Quralityh pority 2V ptie, ineiugés |

nore prefer abl¥ reater than 95% bg nmor e %{Ief erably gre er t han
98;’/0 b)ﬂ"@ﬁiﬁrgth@n B¥rdl PrEfRIBDIY GESFAtET IR, @é%flﬂ/mwe’i RyRierahly greater .”‘@f %®%rbodi nent
rel at 9 %)

(R)- 399??%% tﬂ‘g'?a/?‘f?{)?) 80,70 80§ 20e) 9t B Yy ar

(R8rmul a | )Theseqnp cﬁé&'éy as deﬂne@h@r eé‘riﬁ Héqﬁe‘?’ﬂe”&‘fa ﬁ%g){'r a%bde??)t{ild i%)f%%gw 'jjg{' e
rel at t%tk% ;ﬂ:ﬁ' @@héﬂfcaF??olﬂfleiHaﬁ@éé A8 p@fen(ngf)to store salts of the mventlon in an

3-((E)- pyrrolidin-3- vin étetra pyr an- 4-yl oxy dine or a
phar magated &am, or '@db@fﬁr@tﬂf@ @armaqew 9%6Pm§9ﬁ§%'ﬁtw*ﬁ‘m '§/'3f9f‘é‘é in‘admixiure

(S)-3- v&ﬁ@haﬁné&(ﬁﬁ:&ly‘ éi‘!c@ptgblycb?“ﬂeﬁ’é’ 'd)lue'?ns (xBibleptlY BF ivatts, 4udtt 8Xin)dydradi ne

by vvmdg Anot her énbodi nent of present |Invention
osage form, such as a tablet, capsule, orthe like, under normal storage conditions, with an

25 insignificant degree of chemical degradation or decomposition, and the phrase “solid state
stability”, includes the potential to store salts of the invention in an isolated solid form, or in the
form of a solid pharmaceutical composition in which it is provided in admixture with
pharmaceutically acceptable carriers, diluents, excipients, or adjuvants, such as in an oral
dosage form, such as a tablet, capsule, or the like, under normal storage conditions, with an in-

30 significant degree of solid state transformation, such as crystallization, recrystallization, solid
state phase transition, hydration, dehydration, solvation, or desolvation.

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
6



10rel ates to a nmethod for the preparation of
(R-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran- 4-yl oxy)pyridine
or a pharwaceuwdessal7l y accept abl e salt thereof contai ni n@Cras300l669825%
preferably | ess than 15% nore preferable | ess than 5% even nore
preferably | ess than 2% and nost preferably |ess than 1% of
(S)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4- yloxy)pyridine
by weight, without the use of a chiral chromatographic separation step. In
one 15@fnmdiummsuqh‘ ag He Graed®if, rreseras & betweemndt haed 2 dars; Reeferablihct ure of
subst 0 0

((E)- % @rh%? P% R)e %ve hu%dltg {b%t%N F 3“? rng 95rA)ar;]3fef?r§/abng1 O)tI%y60 /odlarqg IS

provi espsune tohdAR lux of lieamgerW;vtSIlezlmrfalt mrgioaw%/ perisis auahi a';rqre@eht@aapr

Synt h

37 (o ShifhnT S8R fych conditiops sals of i jpvention may befound iobeless than
205y nt5hig snare referablypesst tean R, aﬁﬁewm@mwmmmh@e@ilwlwrﬁi@@m@ﬁ@f ed by

éei,lerngiggge[ppql;ﬁselhggr %J_hﬁ_ Laég g {;-r;)rgq%ga V\g %ﬁ&{)ﬁ@é{@,l 'rﬂg slgrleot [%rgorpwmﬂppremate that

3-br 0fﬁﬁ@alﬂd\@trﬁ@hwdé@uﬁﬂ:érwﬁamwdr-liyriite%qr)tpmpén@tme,, presdure\end refptiveehmvidity of t he
tert-but oxycarbon rote tin roup. In erae' he

requi $ERTES 'Eref(t-f?m%/%/f’ rW? 6@?%8"#@‘?'}%3&&{1 Ma@%xé\i/a@g?rfo u%:ed by

t r eat igkfern8s wilitial be%xg emé@wrrr@ maﬂma&etdrager(élgxyt@mmrammbf 50 °C and a

25met hyl enet rlqphewil phosphorane (Wttig reagent). Wile tert-butyl

31porrw¢§§yfer - carboxyl ate can be nmade by several nethods, it was

not an i deals sl HerEslithd RriOtisarder’ NGHIessedIatat iotheRWiss ymidresarsy, COInHIthIhl,at it is
susceptible to racem zatign durtlgg\g\l the Wtti g/ﬁr eaction. Thus, a new

synt hélysfunetiong er disgrseassparied v Fhipceplor 8eiMeni cal fidelity, was devised.

The cqjmﬁ?l&ﬁﬁjgmy be prepared according to the foll ow ng nmethods using
30conmer c avai l abl e starting materials and re

a
(R)-3-((E) @we(mbcpdmaeﬁqiﬂ@ P&t AMeNtion r(Eﬂaé%ﬁ@Hﬁdﬁd@r%ﬁp-yﬂfOW‘Bﬁw')ﬁg'ﬂw'i )ai ne

b | St &dptadielEall thereof.
(5. 3NsReRBbBRa s BRI Y 6P phaRcngsan) st
3- brono- 5- (tetrahydro-2H pyran-4-yl oxy) - pyri dine (conpound 12) as outlined
in Schene 3. WO 2010/ 065447PCT/ US2009/ 066083 The preparati on of conpound 9
is outlined in Schene 1. mgrcially available tert- butyl
(R) - 3- hydr oxypyrrolidi ne-1kcar bo>9¢| ate_(conpound 1) is treated with
met hanesul fonyl chl oride to“gi vt ert=buty
(R) - 3- (net hyl sul f onyl oxy) pyrrolidine-1- cér boxyl at € (conmpound 2), which then
is reacted with diethyl mal onate and a t abl e~base (e.g., potassium
tert-butoxi de or 5sodi um et hoxide) to give diethyl
(R -2-(1-(tert-butoxycar bonyl)pyrrq;lorrﬂhlgl?) yl ) mal onate (conpound 3) with
inverted stereochem stry around the "chrral carbon. Suitable solvents for
t hese Asaﬁmtbbcdp@rétmred)w thebe skikbati |ﬁ itioarart rum‘fegemumnnrﬁg twivestians M3y eares al-

thyl- | di th {
o t - tiriaand Setsfsdiy b atpousd & TRnes RavSLlREnLEra GREE- SRS, o
]E her ef(fetrahtgldrlﬁﬁﬁaﬁ Hm’éhﬁ ﬂ@ﬁt.vapi(rllaf)an(zltp}yeo{nmm?a,m)e\smwr Sftetrabydror
ormation toluene ven or e na i spl.ac nt_is
ot H TP EAR Y B BPGRE. Syl BRGSO Ne AR FENTS REPLrRURTRIRGRbS he
nal onaérﬁb.?u@pbaﬁggmﬂdaaoret hanol . Suitabl e bases for these reactions may be
|l ected fromthe grou triet ne |et |so
S| Sonr o B e o B T REL AR A e
hxr/Tgr:j Qﬂere@ﬂ@lsu&tahmylpd% m@hasmmmwrthaeoramddnafmommlbyorade In one 15
enbodi

t | i t t4
Crabet TR ca N recRa b sa P e e et nabe T SyehaulRim Do s i um
tert- bylﬁvmyl)dse(tetfdmydmwaam gobopliridenet 1h bee bmbedrhtant ttheecorap@maltad Fdimsywh Acenent

s SOdé g&%r(rar;[ace&%lcaﬁy 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
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Hydrol ysis of diester 3 with agueous potassi um hydroxi de yiel ds
(R)-2-(1-(tertbutoxycarbonyQpyrrolidin-3-yl)malonic acid (conpound 4),
whi ch i s wecardmez4arated to afford (R)- PCT/US2009/066083
202- (1-(tert-but oxycarbonyl)pyrrolidin-3-yl)acetic acid (conmpound 5).
Suitabl e sol vents for these reactions may be selected fromthe group of
wat er, et hanol, tetrahydrofuran, dinethylformam de, dinethylacetam de,

1, 2- dlnethoxyethane di oxane, 1-nethyl- 2- rr di none, tolu
di met 19ygaten thar B4, by WRIShH TPt Reeferahy %VGPterF g bWS@lhﬁé?ﬂrePFée@Biyvent f or

the egt&itelhah Qé%ﬁldyﬁuéughtamu zar@@ra@w@bngm angrebfee. ©ak\eaitoditntt he
decar boxyl ation is - i none anot her enbodj ment the

sol veriglafegito f‘%ﬁé’slf%GR)r@@Eb?&@ir @"i’@ 3oyl yHWB1o: (t%tF?AWE’W@y@&r%'HW)PH Mehe

decarl? L@i jon is a mxture of dinethylsufloxide and toluene. Suitable
bases 'for t % hydrol ysis reaction may be selected fromthe group of
pobasdlregashydr oxi de, sodi um hydroxi de, potassi um carbonate, sodi um

car bonat e, d?%%%ﬂ%%&%&%%@g%ﬁ%ﬁéhm &@a&g@aat ﬁ’\ethbe 1Qfe Brepackiier o (R

base i s potassium r oxi ction ound gives tert- butyI

(R) - 33((2Eh8*dwmy¢n+$yyl))\/mw tSoftétahyaropyreardodson) mtr@mc,czﬁ@p@@ﬁaa@%)uﬂcm ch may be

t t
Fort - Baranedln L MBS Sheslal P o (o, e o B 0 ot bosiyl at e
( c onpdietrdhydroynan-detaxypyyiting Ry WQ?'IZ-AF@@M‘@ITWOFWN of ‘ihélpiﬁ%ﬁel‘f EMeHeRy| at e

23f0) Suaie darRBERE It Gie A STRE TR ER AoidiER -2 siatarapyan

from t4hy&o>gﬁ)pymnwmfortaqlhaahgchtthtajlympema!bielsalt mMQentaml@lﬁ?ﬂ@ﬁh@ﬁ%t hane, and

t t h nb \
Sut t AT gatk orey A BR Iese e P ST E BRI RE e
di bor 3. mdue preaDY "@ésytﬂamﬁ%rarospwﬁbemymumn@ywmwmremmpymm ex and

bor ane- di net uI I 5Sui ent for the anesul foni c
est er WYY ?1% Qg@ V@&NBL&&H'S? rog CB?OHIFEO%? i PeRarale n%%ge]n@ O%[éet her,

t g ahyldairiem o thle p?esanlmva@twra hediod fér maﬁmufmmemfsnwmuammmeqﬂ) -3tn one
enbodi nent the solvent for the nethanesulfonlé ester % i.s tol uene.

Sui t alf(F- %@yé@"q‘"&r? WMBY hret (elRBYQTPPYARN-A-Yay dyrigige r'ﬁa‘?r%'ﬁeﬂﬁ';"/' rl?é‘ ©liE ed from

t he gr,_%gﬁ Cﬁfonggtbg}ggygggg,d}gmo,ﬂl et hyl i sopr opyl am ne and
diiso [am ne. 1 n one enbodi ment the base for the 10net hanesul fonic

ester Gemral $Whe§'ct“ﬂ¢tépﬁ§l anmine. Suitable solvents for the iodide
di spl acement, . ?ﬁ(&é) ﬁﬁFr@ﬁjd if- BQ/W/fhl]'l?—SQféﬂ‘dﬁyd?f)pyﬂralﬁfﬂtMy)p%m@Mérc@hlbél none,

di met hyl f or mam | acet am hanol , tert-butanol
t @0r atpydthesigecas repoztedulmﬁgﬁwﬁ)é@%%fﬂ% BREHRINCHIPREAtRS 0¥ (ETREENCGelsiAR A

m xt ur a&.ﬂ £lgt%]a%@ﬂfﬁn§r5‘?9é}]‘ F@?H R/ﬂ?lp?ﬁbﬁ(ﬁﬁé 1téérrbc5%té QndRe disrtomacenent

is 1, treatment of conpound 8 with potassium
tert- tﬁjtt@r@fdérC{J?H@yra@f4 nlemﬁ@xrwesafo"swp@ apreme| Ofetl"i?ée’f BHLOKYH2EDTWhact i on may

be sel &g@g@ﬁ%?ﬂ%f ﬁgp}g%ﬁ%ﬂwl@é nthe&i sd'tHEBrbaQiéY@feWyl 31vm¥lpyrrolld|ne 1-

nmet hy 1- I rret for mam | acet am de, et hanol,
t et r aladbayiatewas diresdunsd tdrftﬁaﬁmﬂtt@ﬁ e4tyl ﬁé@@MPYrTC}*ﬂdtﬁ‘ﬁé -6ABONYIRIEWIth he

%Sve%et'hﬁleﬁegllpﬂbﬂﬁé JH%QWM Yehgdlie Mﬁg%r’; Bﬁtyt Bitsriyas\cidiiameRY be

ected from ou pot as |umtert- ut oxi de,” sodi um 20et hoxi de and
di azamabwyiﬂﬁﬁe@éﬁ @na mbsa%'teﬁ@rm%thﬁ@'ﬂlltrw netHan 'Saélénﬁeém%’?%@irarﬁ‘ﬁ%‘?t-

but oxi Gentiomer syntﬁ&ﬁs tht%%s&fptﬂéeco BRI hIh S@ R B WilireREQGESS for
t he preparation of conmpound 9 using the reaction steps as outlined in

Sc herreTI'H_USaﬁ@eW]Syth'@tlmrg@t@s ane phaygeigezed by stereochemical fidelity, was devised.
The compounds may be prepared according to the following methods using

30 commercially available starting materials and reagents.
(R)-3-((E)-2-(Pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine may be prepared
via palladium catalyzed coupling of tert-butyl (R)-3-vinylpyrrolidine-1-carboxylate (compound 9)
and 3-bromo-5-(tetrahydro-2H-pyran-4-yloxy)-pyridine (compound 12) as outlined in Scheme 3.

8



WO 2010/ 065447PCT/ US2009/ 066083 CO2Et CO21-1 \--" COREt.-0C21-1 NNN |1
bocboc 34 Ow boc 6 boc 7 8 1 boc boc 9 Schene 1 The preparation of

3- br ono- SWOt2etwmmbiadr o- 2H pyr an- 4-yl oxy) - Pyri di ne (cor np@emasi@p/0s6s3
Soutlined in Scheme 2. Coupling of 3-bronp-5-hydroxypyridine (conpound 10)
with 4- hydroxytetrahydro-2H pyran (conpound 11) gives conmpound 12.
Suitable conditions for the coupling include those in which a phosphine
(e.g., tri S_henyl phosphl ne) and an azo cor‘rgound ge. g , die hg/l .

azodi car boXy¢ freparaios of repRpHNgsd Broatned i i fr S‘H‘qrﬂ@'} aeRleift to

ef f ecrbuﬁh@%ﬁ@l‘a%rb%y&&no%e—1 EQrIngﬁﬁb cd?ﬁdécﬁfnﬂaﬂ)@t)’eatéﬂ WRN neamebipng, 10

e 0xo0 ‘ani on” of br ono- roxypyridi ne di St%' aces a J_eaving

gr oup chipaee torgiventepiduityl |(Bh31§WeMl5P|éFPWWMWF8| Ingyhyarhexylate (compound 2),
which then is reacted with diethylmalonate and a suitable base (e.g., potassium tert-butoxide or
5 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

10  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

15  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)-

20  2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yl)acetic acid (compound 5). 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 soivent
for the ester hydrolysis is aqueous tetrahydrofuran, and the solvent for the decarboxylation is 1-

25  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.

30 Reduction of compound 5 gives tert-butyl (R)-3-(2-hydroxyethyl)pyrrolidine-1-carboxylate
(compound 6), which may be reacted with methanesulfonyl chloride and then sodium iodide to
give tert-butyl (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

9



enpl oyed. One enbodi nent of the invention relates to a process for
the preparation of conmpound 12 using the reaction steps as outlined in
Scheme 2 wWOQ0HNGYH7 Br + 0 OH Br 0 15 10111PCTHSh@amecds3

10

15

20

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-dimethyl ether complex and borane-dimethylsulfide complex.
Suitable solvents for the methanesulfonic ester formation may be selected from the group of
toluene, xylenes, ether, tetrahydrofuran, 1,2-dimethoxyethane, dioxane, and mixtures thereof.
In one embodiment the solvent for the methanesulfonic ester formation is toluene. 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 from the group of 1-methyl-2-pyrrolidinone, dimethylformamide,
dimethylacetamide, ethanol, tert-butanol, tetrahydrofuran, 1,2-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,
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 compound 9
using the reaction steps as outlined in Scheme 1 and in the discussion above.

10



The final steps in the preparation of

(R -3-((E)-2-(pyrrolidin-3-ypvinyl)-5- (tetrahydropyran-4-yloxy)pyridine
(free baswoforomps443 illustrated in Schenme 3. Conpounds PCan$2002B6@8%8

coupl ed via a palladium acetate nedi ated coupling reaction to afford
tert-butyl (R-(E)-3- 20

(2-(5-(tetrahydro-2H pyran-4-yl oxy) pyridi n-3-yl)vinyl)pyrrolidine-1-carboxy
| ate (al so known as WD 2010/ 065447PCT/ US2009/ 066083

(R)-5- (1- (tert-but oxycar bonyl ) - (E) *25pyrrol i d??‘i'j\it\é{%vi nyl) - 5- (Ol\;’gt rahydr op

yran- 4-yl oxy) py#i di ne, co nd 13), whi ¢H'is de-protected to di
(R -3-((E)-2=€pyrrolidin- -yI)vinym- (tetrahydropyran-4A-w oxy) pyridi ne
(conpound 14), Suitabl | vents f \ he pall adidm catal yzgd coupl i ng

reaction may\be sel ected fromthe grioup of 1-n€¥hy|-2-pyrr | i di none, 5

di met hyl f or meoi de, di netthy| acet ami dé°and acetoni%rile. In dfie enbodi ment
the solvent is 1- nmethyl-2-pyrrolidisnone. Suitable bases for the palladi um
catal yzed coupling reactd on may be selected fromthe group of

triethyl am ne, diethyli@gpropylanin©MsdiisopLgperthylange. I n one

enbodi ment the base .4s-di i sopropyt€t hyl ani né. "Sui t abl e -phosphi ne | i gands
for the pall adiu at al yzed pling reactilon may b | ected fromthe
group of tri-n-bZ?glphosphinZ, iri:LeLt- ut-yl-phos ne,

tricycl ohexyl phosphi ne, triphdéhyl phosphine and tri-o-tolyl phosphine. In one
enbodi nent the phg&phine | i gamee i S tricycP%hexyIphosﬁﬁfne. Sui t abl e
palladiun1catalys%s for the pall adi um catg@l yzed coupl igng reacti on may be
selected fromthe group of palladium acetate, palladiumchloride and

di pal  adi unn tris(di benzyl acetone). In one enbodi nent the palladi um

catal yst is palladium acetate. Sui%%;%ﬁugplvents for the de-protection
reaction may be selected 15fromthe group of water, dichloronethane,

chl or of or mTnechrelparhlicr afe-rame-5-(tetraiydree Atiggliamehylox epysdine éenmpaiind 12) is

di chl or onet hape. | n_anot her gq%di t th vent f -protection
" e et iVHIMBE Maaghsme 2, COUBINg o SrHampa h%dﬁ%ﬁair?dbﬁleo{lég‘t"?g%& ?@a\@ﬁ o may be
sel ectigdrdxyeirahftRo@HosiRar {cohtpolihdi o1)agicest dompmand 12h Bditatdé conditoradorthand
sul furic acid. |In one enbodi mﬁnt the acid is }ri fl uoroa%eti C ac%i'n%' g&)
91213 coupling include those in which a phosphine (e.g., triphenylphosphine) and an azo ou
(e.g., diethyl azodicarboxylate, also known as DEAD) are used, in an inert solvent, to effect the
coupling (e.g., toluene). Alternately, other conditions, in which the oxo anion of 3-bromo-5-
10  hydroxypyridine displaces a leaving group from the 4-position of tetrahydropyran, may be
employed.
One embodiment of the invention relates to a process for the preparation of compound

12 using the reaction steps as outlined in Scheme 2 and above.

0] B

HO/ Br OH bz r
[+ — "
\N o) N

10 12
15 11

Scheme 2
The final steps in the preparation of (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
(tetrahydropyran-4-yloxy)pyridine (free base form) is illustrated in Scheme 3. Compounds 9 and
12 are coupled via a palladium acetate mediated coupling reaction to afford tert-butyl (R)-(E)-3-

20  (2-(5-(tetrahydro-2H-pyran-4-yloxy)pyridin-3-yl)vinyl)pyrrolidine-1-carboxylate (also known as
11



14 Schene 3 One enbodi nent of the invention relates to a process
for the preparation of conpound 14 using the reaction steps as outlined
above i n \gohemass44y 2 and 3. The invention further 25relParas2409/066093 0OCESS
for the preparation of the salt form of
(R-3-((B)-2-(pyrrolidin-3-yl)vinyl)-5- WD 2010/ 065447PCT/ US2009/ 066083
(tetrahydropyran-4-yl oxy)pyridine malate conprising the additional step of
reacting the free base with L-malic acid in a mxture of 2-propanol and
i sopr ¢RyB-(hétetdutoxpearbomdr(Esdi EulidinsGyNamt)-Srétetiaycr oryean- Mﬂwpy%@m her

embodi gpat ’?{I ?aﬁ gﬁhfﬁﬂysegg b@’%&‘ﬁd Rifr ([- 316(@) jggylmt.a.ﬁ@ ﬂ)fvmtyh% oxal ate salt of

500r‘rp0un§ e use oxal ate sal as a UI’I |cat| on int m§d| ate
Vi

in thétepab!ﬂu@wram4t¥fox(¢mm@0ﬁ&ICOIBPOUTFHé4ba$ll"%’t’9|elﬁﬁ"@é! Py thePatadipmiGatp
compoungs, grgg(?lo?'l?n lfédébq Eledfrith he! r%ugfof mé?ﬁjl-@Lpijrﬂoﬁleméh conmpound 13

predom nat representin the coupling products. The
r efrai rdlmqhy:ltumpllamm pmmibwacetamlde@dé acetenitrise. r@s%\?rﬁﬂ“?&?'fze”té%é?'verttéﬂ but yI

(R - t b
(2) - 3 Shy2-pyrigfidingne; Quitghle bases fof the palladium catalyzed cq 'v"."gnfeaffﬁyf}&“é Pdi ne- 1- ¢
a

ar box yekricted feondthe gmup dfauathylammbexdmthyi|mmylamlee,tdllbgmr9pylet ylamine. Inone

R) - 3- tr
V) vi remeabaers e seRe s disopismypRRa Mg o SVAHK bRSBhie dgands for theppalladim
20% Ofcaﬁdlsﬁeﬂ‘éb@bllnggeéﬁt@dlﬂ@éysbdmﬁromltbe gieepof/ai-n-biitylphesahing, trotert soner s
B0 Amas e JE R ANGE RIS ATeap e ind B UbRRsfE doone
{ ﬁQV?eZT?F'er@é”;FT@%@dSﬁWE?Q??%@ ‘ﬁmﬁﬁﬁﬁ"mi’“f‘“ el
X S i u X

conpoufelPalladiumn GRiayReq FRUA liagiagdlion i :'9? Splegled ol hEgrald r?ppt?ﬁ%ig)’]ne%gﬁt
bet t erpaifaih@loriae ahé ldrp%nadmnqmmb@n@m@fmb) Slhmﬂ\et@yntroelcﬂafmﬂaé paleliimon.

Exanpl'es of conpounds of the present ‘g’vﬁ%ts‘{ @s%h ar I agel ed iNI tela
radi oicatalyshis RaYpdipracstate.t ulalls Srientg §-RIOIRCHQN G rb?" EREREIPEeY1 1
ory518Rrd2 iRl g‘?Qu;?Q@ﬁﬂbP%h%frorﬁ&HBﬁ)élr&ﬂloﬂ&ohﬁﬁlhﬁd\d‘éﬂ%&ﬂ%eslum badb@bbdimense in

positron emssion tonography Unl ess otherwi se stated, structures
depi ctteel shlwmllmdlahlerm%ban%dn@neﬂaei%P%@e%%éwﬁ%&t fomhe edr¢teeononi y i n
the prrggg[%q s Qbtepne or nore isotopically enriched atons. For exanple,

npoun having the present structure except for the replacement of a
hydr og&ntaatecaadwfomatd@fnrqtﬁpmﬂ repetionungy g seleeed EB'I"‘éE%H@HP ofriflyorRRFehn at om

by 13G of hgzér%]phl%c 588 aaé GERIRGRENH oﬂé e%bethéPigﬁié RPN orceti®4acid. he

repl acenen en atomwth 170 1-180 are within the scope of the
i @ention. Such |sot op| cally | abel ed corrpounds are useful as research or
di agnosti c tools. In all of the exanples described bel ow, protecting

groups for sensitlve:or reactive groups are enployed where ecessary in

accordance with er aler %g:}of synt heti®s chem stFy{ 3QProtecting
n .

groups are mani ted acbor | standar dn heds I c synthesis
(T. W Geen and P otectlngB@ioups |n\Ch/an|c Synt hesis, 31d
Edi ti on, John VVI@? & Sons NEM/Ybrk (1999)). These grdups are renoved at a
conveni ent stage ef the conpodhd synt hesi s usi ng net'hods that are readily
apparent to those skilled in the art. The sel ection of

0]
B oo
N

14

Scheme 3
One embodiment of the invention relates to a process for the preparation of compound
14 using the reaction steps as outlined above in Schemes 1, 2 and 3. The invention further

25  relates to a process for the preparation of the salt form of (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
12



WO 2010/ 065447PCT/ US2009/ 066083 processes as well as the reaction
conditions and order of their execution shall be consistent with the

pr epar at iwo 20fo/wempounds of the present invention. PCT/Is2009/0e@6Nt
invention also provides a nmethod for the synthesis of novel conpounds
useful as internedi ates, such as di et hyl

(R -2-(1-(tert-butoxycarbonyl )pyrrol i di n-3-yl)mal onate 5(conpound 3),

(R -2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yl)malonic acid (corrpound 4),

t ert - Bgtrghydrgpyran- MWW&/@%%W&@ BYTPEINGing @dditiend! sisR et aeacting digbembrss)

and t Wtﬁ'l_bﬁ'lél)@ acﬁﬂ\ a?‘m(x%Jre loPSORS AL WA iESHrbsY)| BBetateCitoRRr ¥LiRd KT Q&Qéﬁ?%gnd 8).
Salt Forns aspect of the present invention relates to novel salt forns
of (R)deg;r(oggpe@m pyrrolidin-

103-yl) vi n_ 521)3 oF éﬁwﬁf:&ﬁ{éﬁ%ﬁ {n@@ntf’o yrE%l‘éé)tQYﬁé QHHS’hon of the oxalate salt of

(R-3-((E) pyrroli vinyl)-5- (tetrahydropyran-4-yl oxy)pyridine
i n5t heompegndtdkand themse of tiie\nxgla@ga SI a wrtfﬁammmteémequateen ”@ﬁ)ﬂ)r@ﬁwtioﬂ@f
Howev to
e Sorgb R T BB 95 b B RO o ARt

advanmaj;er(alsmfvdmrt ¢mn;pnuepaBaIrectnmmteghmlmlwwrewtmg dﬁrﬁ%/p of thasogpliva as

crystal @g{?{ he%gmmﬁﬁ?ﬂBﬁr{gleéer c@ﬂclﬁﬁ Bid &otnéélsg(? gf rct@J't bu yI g:gl_l y

15deg|p51° 48 nven ronre rmaceu
acceptaks-e- Métmh@ﬂro{ﬁ)—p&aﬁ(ﬂlew pyridin-3- yI)vmyI)pyrrohdlne 1- carboxylate and a so-

0¥ aBrle Rkt (R G F PR P A RYBI RS, 2 i 11 on

salts ysmﬂ)pasroﬁﬂirhe;n4cdmoxyiammyﬂ&allﬁmbfabat|ngo%ﬁ% phdiup to 20% aiithe eduplingr gani c

et Pl Bt SRR TR o HERS nor PR SFRH i R B e s 7
met haruﬁéxﬂetwalajt@md @nvmuuﬁmbﬁnpmtae byaiacbratecmmcatﬂee rbalresf Wwiotersaaci di ¢
am no as asgﬁ te and | ut ama

ol o BRe B Gnvassiaa B ik e toe i iom cnABtecsat 1 pef i BiioR L halgle R

magnes watefalproptind| matu;ey TorséXahripled GIves compsa@id 14 iangad thehasnaricimblistiesuch as
trimethylam ne salt, trlethlamne sal t ridi ne salpi{ coline salt,
loaud Gani 0

di cyclafﬁ“l@kjw%ﬁﬁonﬂo@%‘m e begﬁﬂ Ryuriger pyis sl Ysalt; and salts
W th bagdalfsipe. aci d such as lysine salt and arginine salt. The salts may

be in sonme cases hydrates or solvates, such as ethanol solvates. One
embodi ment E¥pMpies ¢icegweunds obtheinsesantinyestion whichiade Rheiad With 8al t s of

( R) - 3 ré&.ékot%pe (awap?.hté#oma?.omé hwgﬂwf)e @se(sta% KRB a0 G VEP30&Y T i di ne

wherein the acid is sel ected from 30hydrochloric acid, methane sul phonic
aédd, anﬁhoes of aemaourshtd phishi wouwd be SU@M?&WGW i PRSIRD IF61IESIaR tUANOGAPBAI C
acid, L- tayn sb%tlﬁelﬁ;\gge st IsGettfds epltdd Hefrei @télalsb miB2ht o iRQLs R-mandel i c

acid, Sman succinic acid, 4-acetam dobenzoic acid, adipic acid,
gal actcamp@UfaiﬂVd“C*dﬁ'ffﬁf Qry tmdw presaneaefi eE impre iseianicallyeniches Apas uF i ¢

aci d, i
Son0) SRS LEREREs R aAL slés}:ﬁr?n?ﬁf?"%ef{*égé;g%@ﬁgﬁeplafné%ené of a hydrogen

(1R, 38jon( by dewtapvo or yitiiet, ar th&rﬂ@plpcqrmru@ﬁegawbpa @tem am & orTfe. cgfﬂb%ent
I pyentign. e of 2RlAHES atHIBRERS o ARE r&RhLRid?R oPin bXGRR aBdth With 9708 %0 are

within the scope of the invention. Such isotopically labeled compounds are useful as research
or diagnostic tools.
In all of the examples described below, protecting groups for sensitive or reactive groups
are employed where necessary in accordance with general principles of synthetic chemistry.
30 Protecting groups are manipulated according to standard methods of organic synthesis (T. W.
Green and P. G. M. Wuts, Protecting Groups in Organic Synthesis, 3* Edition, John Wiley
& Sons, New York (1999)). These groups are removed at a convenient stage of the compound

synthesis using methods that are readily apparent to those skilled in the art. The selection of

13



The stoichionetry of the salts conprised in the present invention may vary.
For exanple, it is typical that the nolar ratio of acid to

(R) - 3- ((Byo2e(mss440l i di n-3-yl)vinyl)-5- 5(tetrahydropyr @0TASyé000yg0syri di ne
is 1:2 or 1:1, but other ratios, such as 3:1, 1:3, 2:3, 3:2 and 2:1, may be
possi ble and are |ikew se included in the scope of the present invention
Dependi ng upon the manner by which the salts described herein are formed,

the salts may have crystalline structures that occlude solvents that are
pr esemiocgssasag wellas therastiqrorpnditipasand ereerefithelr exggutionShrll Be coRiftentadthand

ot her r?éj;é'\éﬁér%?oﬁgfé%ﬁﬂuﬂgs 8 Ak phsRABhishih, S0l vent 10relative to
(R) - 3- pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4- Yl oxy)pyr|d| ne.
In one enbd'd)ﬁrmﬂenbmwm’ﬁ@nrﬁ‘?@s@ﬁwd%ﬁmh%ﬁor tthﬁéY@tQP%'S RERovE! eemPRNdS et ry of

?((: :E? i;g?f(JR%sr @ errgedlatfs chh as dltﬁth%l (Rz -2-(1- ten‘ utoxycarbon )] pP/rrohdln -3- yl)mlalr?gatgf

| N5 andgedmepoundi3ddRard ; (tevflfmlt@@barbhaﬁ)ep;rgh% éwl)a{ag]mq,aqﬁ (c&mmup@,@ ten‘-butyll' 2
(R - 3+ {Ig{g-%é%\ Sérﬁ%)?ert@r%)g}r&lo%ewl %?Hb@#l%te?cérﬁ;%%ﬂwdérfapt)éft%@ g/flgR)Yé @2<y) pyri di ne

of 1: ment o resent | nvention r

(R) - 3iddoE)nyBpyrmfidinet - chrbe@Jatg(c)ompwmQI% (tetrahydropyran-4-yl oxy) pyri di ne
nono- E@i@ ate or a hydrate or solvate thereof. Anot her enbodi nent of

the p nvention relates to (R)-3-((E)-2-(pyrrolidin-3-
yl )vinyl) - @ddaﬁpeeﬂwwieamsammfeymmge)qwstodwmel JadtrforngadfdBY-ar( ) 2-@yralidiydr at e

solv e Anot her enmbodi nent resent i Ve kon relates to
3(% ”yy)j @W‘éﬁﬂmavfﬁ”ér VISR I ?fé @?{&Xﬁaﬁcﬂﬁ)sw 9!51-'53/' oxy) pyri di ne
Oxal atRtrahydRopyy shi-atyx9)pyR@hy ai @etfleeraeé form is awscém)blhwnh émttediwatent of t he
present | nvent ion relatjes to

D Yot oly: (Havtavan,or 555 Pase. 5oy <aey By Pl TRIGATC a4 Biodbisiecistamaaceidor a
hydr atgqmbn §§Iksvt%ﬂwév@€ﬁh9§lf:al propertles that are %%rﬁj@ds f@nbe pifeparatiopoesent

invention relates to the | owi n 3?
25( py Phalmasetical wmppﬂms 9510@ BE L gww‘f%ﬁw%s 36%,\553,%@{ tgueard chemical

41g\cetd@3}éj,gp&pzm c Adipic (1 R 3S)-(+)-Canphoric (1 S) (H)-1
0- Canphorsul fonic Gtric Fumaric D-gl ucuronic I—éy ? | ori 1?
The present invention relates to pharmaceutlcally acceptable salts of?R)- -((E)-2-

(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine. Examples of suitable

pharmaceutically acceptable salts include inorganic acid addition salts such as chloride,
bromide, sulfate, phosphate, and nitrate; organic acid addition salts such as acetate,

20 galactarate, propionate, succinate, lactate, glycolate, malate, tartrate, citrate, maleate, fumarate,
methanesulfonate, p-toluenesulfonate, and ascorbate; salts with acidic amino acid such as
aspartate and glutamate; alkali metal salts such as sodium salt and potassium salt; alkaline
earth metal salts such as magnesium salt and calcium salt; ammonium salt; organic basic salts
such as trimethylamine salt, triethylamine salt, pyridine salt, picoline salt, dicyclohexylamine

25  salt, and N,N'-dibenzylethylenediamine salt; and salts with basic amino acid such as lysine salt
and arginine salt. The salts may be in some cases hydrates or solvates, such as ethanol
solvates.

One embodiment of the present invention relates to acid addition salts of (R)-3-((E)-2-
(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine wherein the acid is selected from

30  hydrochloric acid, methane sulphonic acid, maleic acid, phosphoric acid, 1-hydroxy-2-naphthoic
acid, malonic acid, L-tartaric acid, fumaric acid, citric acid, L-malic acid, R-mandelic acid, S-
mandelic acid, succinic acid, 4-acetamidobenzoic acid, adipic acid, galactaric acid, di-p-toluoyl-

D-tartaric acid, oxalic acid, D-glucuronic acid, 4-hydroxybenzoic acid, 4-methoxybenzoic acid,

14



WD 2010/ 065447PCT/ US2009/ 066083 4- Hydr oxybenzoi ¢ 1- Hydr oxy- 2- napht hoi ¢
(Xinafoic) Maleic L-Malic Malonic (R)-Mandelic (S)-Mandelic Methanesul fonic
4- Met hoxywenamvowssdAnosphori ¢ Succi nic L-Tartaric p- Tol uemesaisb@anioccoBi20 or a
hydrate or sol vate thereof. A further aspect of the present invention
relates to processes for the preparation of the salts. The salts may be

obt ai ned by crystallization under controlled conditions. The invention al so

relat_esto process for the re aration (R)-3- é% rrolidin-3:
5yl ) vi(@§)-§+ aﬂ(qa@mharwﬂerajgwan Yy $PYRIICASids an pft@P%sé‘g?ﬁi? PEANdNE he
1(‘)]9' !58 Sr?%r?t?fngielﬁt;/on(éd%oel'ﬁblﬁhé‘sghﬁd?&eﬁ%ﬁ@s@l@é@s oPthede 581 ihen of the free base

(pyrrolidi nTVIS?-%Nm/‘WPWWIy oé{h(etsgﬁs( SAYRIISER Y HS- pﬂeiﬁ%W?Wl BENERY N Fa" sui tabl e
sol Verla‘;x’amgﬁ;et it |@ﬂl§ cQIftHEthtﬁe %IQ%aF@WdCW@QRQQQ(E) a- (byﬁbl"cﬁh nyl Vh?ll) 5as a

sol ution e acids in a suitable solvent, 0.5to :
eq i va(teénahsdropyrahé Weiypyridoeiis § 205 1o bt ‘?fbe"[ oS, SYEN ?$ Ed %éﬂ ¥3sélzlﬁ”pon i f

necessa ym&fb&%&{s?ql@ﬁﬁ&b@ IFK?SVE)anc)ILwed(Ih 'tr)e(g&RQGFjL€$r@seﬁ¥'ln§/@1mo% anti-sol vent

to cause preci evapor at i e sol vent and addi ng and
new sol ventDependingppat itregmenndrdyy vetiepibe Gaity Q%@C”b@d serejn qreiformep; thgrsglts

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
10 relative to (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-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.

15 Another embodiment of the present invention relates to (R)-3-((E)-2-(pyrrolidin-3-
yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine mono-L-malate 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 hemi-galactarate or a hydrate or solvate thereof.

Another embodiment of the present invention relates to (R)-3-((E)-2-(pyrrolidin-3-

20  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-
ylvinyl)-5-(tetrahydropyran-4-yloxy)pyridine di-p-toluoyl-D-tartrate or a hydrate or solvate
thereof.

One embodiment of the present invention relates to the following salts of (R)-3-((E)-2-

25  (pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine;

4-Acetamidobenzoic
Adipic
(1 R,3S)-(+)-Camphoric
(1 8)-(+)-1 O-Camphorsulfonic
Citric

Fumaric

D-glucuronic
Hydrochloric

15




(tii) filtering and collecting the salt. 15The stoichionetry, solvent m x,
sol ute concentration, and tenperature enployed nmay vary.

Repr esentwizop/wed4vent s t hat may be used to prepare or PETUsMl0bG03E t he
salt fornms include, without Iimtation, ethanol, nethanol, propanol,

2- propanol, isopropyl acetate, acetone, ethyl acetate, toluene, water,

net hyl ethyl ketone, nethyl isobutyl ketone, tert-butyl nethyl 20ether,
tetrahydrofuran, dichloronethane, n-heptane,  and acetonitrile. WO

2010/ 065447PCT/ US2009/ 066083 4- Hydrqummoerrbodl nent the solvent is

sel ected from et hanoels—propang AT ,_hexane, or

m xt ures thereof, and the tenpera preC| pitation is between 16C
and 25C. I n one enbodi ment Mhkicacid is L-malic acid, and the

sol vent used is 2-propoanol alone or ﬁllp conmbi nation with isopr opyl
acetate. In another enbodinent the a 3 'Ys oxalic acid, and the sol vent
used i s aqueous 2-propanol . Il\nalenm‘:urther enbodi nent, the salts are
(R -3-((E)-2-(pyrrolidin-3-yl)vi ny® f@ I%Eet rahydr opyr an- 4-yl oxy) pyri di ne
nono- L- mal at e or hem -gal actarate te or di- p-toluoylD-tartrate.
10The stability of the obtained sa(lst)Mamyhd)e denonstrated in a variety of
ways. Propensity to gain-a -oi-sture—ay be assessed
by dynami ¢ vapor sorption (DVS). NRDAMHC Tr eat nent

(R -3-((E)-2-(pyrrolidin-3-yl)vi hylethdxybédoicahydr opyr an- 4- yl oxy) pyri di ne,
or pharmaceutically acceptable salts thereof, or a pharnaceutical

conmposi tion conprising said 15corrp5’1§‘ﬁ§l§"°rﬁ'ﬁy be used for the prevention or
treatment of vari U ers for ich other types of

ni cotini c conpounds have been propose or are shown to be useful as

t herapeutics, such as CNS di sordersk-TeA@licammati on, inflammatory response
associ ated with bacterial and/ on, pain, netabolic syndromne,
aut oi mune di sorders _or_other S{E%é Su'f e@@??bed in further detail herein.
The conpoungts tygiyatalos solite tiseeofas a d| agnostl c 20agent in receptor binding

t udi d i t d.other feachi
Gescri bed A breSadeorng piabas ivaleh faGR Hioge e rduhe krebfRtoh AEPE ng
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u ev rneric es
79-100 (199 e'”B%W@H@fstre'@%eSéPaPf9°esﬁ>ﬁ%{rt%8r8ea'%38” %‘1@# %f@yrf‘i‘ﬂi‘s ?1996)
5' %FZ)'S rljvﬁhy§15-ﬁ@étrahydrop2}'3ﬂf4nﬁ6@) pyricifie- salti&rns cdffprisikg e (ollORBY stdpamaj et al .
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96/ 4063%3ds maRtioned ab%& 'erﬂurfr\i%m o5 as goltign phameefdhe AFifs fa syitablessolgnt 919 t o

Dul | etg,p,@é” 0§t0604q@3g|e,§t90§metdg,0et al. and 5,852,041 to Cosford et al.
30On iment of the present invention relates to use of

(R 2 (U(EbCoz’l'fca)merfé$q'm9rﬁa$ts<>w'?0l'frfs?i?ss&rs(tpéaau%pr@rc@ﬁ%%om yl oxy) pyri di ne
rred| caqg i%ﬁgéﬁ@{ralb)eé I(-:S%We‘?\pioeca%?%bretc&géﬁ‘dﬁ of N the manufacture of a

d| ment of sent invention relates to use of
(R) - 3-(fi{(e) evap¢rating thie spivenBand adding and new solvent and repeating either steps (ii)(a) o

step (ii)(b); and
(iii) filtering and collecting the salt.

15 The stoichiometry, solvent mix, solute concentration, and temperature employed may
vary.

Representative solvents that may be used to prepare or recrystallize the salt forms
include, without limitation, ethanol, methanol, propanol, 2-propanol, isopropyl acetate, acetone,
ethyl acetate, toluene, water, methyl ethyl ketone, methyl isobutyl ketone, tert-butyl methyl

20 ether, tetrahydrofuran, dichloromethane, n-heptane, and acetonitrile.
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yl)vinyl)-5-(tetrahydropyran-4-yl oxy)pyridi ne nono-L-nal ate or
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hem 9t Wﬂﬁﬁw@ ,I[o?z)gyﬁ&lﬁe MongiL- rﬂ L8 Wmlg’iagfﬁtrét@to‘?o%\&te &r%?-gf’?@g?ﬁ-g? one

nor e rmace accept apfe carrie uents, excl pi
adj uv@«,t_artrate One errbodl nment of the present invention relates to the use

?0 a phar MHHEY dbﬁ@r ofCtRéTB |nE-:‘H %Qg?%ﬁ%rﬁgldeh%ggt?%e& &xeg?#e?y Q aéh%rgﬁé‘h%?m ure

a medi canent trea nment o sor
pr eseftd gainwaed rélezser aimasplericanaistereonay By aSsesé&) bpdyrmaymic gapatisorgion (DVS).

20yl )‘Melg?{Msg ‘frtegﬁ]rﬁéﬁydr opyran-4-yl oxy) pyridi ne or a pharmaceutically
acceptabl e saf ereof, or the nono-L-nalate or hem -gal actarate or

oxal at e or (R)- 3-}()(Et)dk(pwy¢lyd[nr3-ak)wmdl &(tsaamydrdmylrm# ylwm)pymanermuf acture of a
di
Aot hoREacsfical, B8 SiisRAEKEH bl & B i el e i oh el hnBiosPie
nmoslul abmpgummambaumdﬁoemb prevem&mdont ﬂr@tmeht dﬂvam;}x%ndnhmoasim dissdeatforon gf
R) - 3- - 5- t et ropyra ridine
or a Bhie R R POl dandRide Ben b e on are SRE 4 B¢ tRatiias” Y

Bem gﬁr@;ﬁduﬂéﬁtseclﬁ)és NG dissrdens, ﬂflarﬁmbﬂém%ﬂanﬁétarrytréﬁcﬁsé&béodiah@di @ah. CNS
sor

((R) - a%teﬁa' apdiop yiral J1feetion. R2IY| MeteRlic)sysdioms: AYIRIHIPERS HisprdgISAreR8 pyri di ne,

or a ﬂrsardév@@wchs@d inyfuriter ietaANereis alrhe ESBERMds Ny IELSDERY ds ABlaghsstier
p-t ol | -D-tartrate salt thereof, or a

TGRS DTV T A

t r eat gesdribed, for e, Qi r@éreﬁcé@ﬁrbﬂb&sl@fst@ﬁer@kﬁ chﬂﬁl’n‘g W|II|%%§’é1'dﬂgDrug

ot BB e gl OB S st S B B R O ke BBl Ao .

CoONMPOEib.i OFiB. MBYsthBruys 8¢ )t 10-1 6EADISY, BRRENERINEL al., J. Pharmacol. Exp. Ther. 279:
1413 (1996), Lippiello et al., J. Pharmacol. Exp. Ther. 279: 1422 (1996), Damaj et al., J.

25  Pharmacol. Exp. Ther. 291: 390 (1999); Chiari et al., Anesthesiology 91: 1447 (1999),
Lavand’homme and Eisenbach, Anesthesiology 91: 1455 (1999), Holladay et al., J. Med. Chem.
40(28): 4169-94 (1997), Bannon et al., Science 279: 77 (1998), PCT WO 94/08992, PCT WO
96/31475, PCT WO 96/40682, and U.S. Patent Nos. 5,583,140 to Bencherif et al., 5,597,919 to
Dull et al., 5,604,231 to Smith et al. and 5,852,041 to Cosford et al.

30 One embodiment of the present invention relates to use of (R)-3-((E)-2-(pyrrolidin-3-
yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a pharmaceutically acceptable salt thereof in the
manufacture of a medicament.

Another embodiment of the present invention relates to use of (R)-3-((E)-2-(pyrrolidin-3-
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25  depression, premenstrual dysphoria, panic disorders, bulimia, anorexia, narcolepsy, excessive
daytime sleepiness, bipolar disorders, generalized anxiety disorder, obsessive compulsive
disorder, rage outbursts, oppositional defiant disorder, Tourette’s syndrome, autism, drug and
alcohol addiction, tobacco addiction, and eating disorders.

Cognitive impairments or dysfunctions may be associated with psychiatric disorders or

30 conditions, such as schizophrenia and other psychotic disorders, including but not limited to
psychotic disorder, schizophreniform disorder, schizoaffective disorder, delusional disorder,
brief psychotic disorder, shared psychotic disorder, and psychotic disorders due to a general

medical conditions, dementias and other cognitive disorders, including but not limited to mild
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ang i md%bmyrsalmgwrﬁ%rdascﬁ&er Jibep AP aidbder Ohd $I66pwWdIkIAG Alsofday,anéntan may al so
be used as adjunct therapy in 10conbi nati on with exi sti Ef%[’t herapies to
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ant i V'dé@él§prﬁéKiaIQ:l'i'§drélé’r§gét{e‘htlorﬁﬂéﬂldit@huQﬁsrﬂ&b(/eaﬂeﬁﬁvl&ed|$@‘§é1rst gidntiod déﬁl:nt oxi ns
produced by the infectious agents and allow the bound toxins . to pas

t hr ou@lﬁ’ofd@é %ﬂ?owqf%Wpﬂéﬁyﬂtéﬁlsﬁ@%r{e?qﬁg andaRtBoyisqrdess 95 Bf ar@(arrpl es of
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Bund her agents effective against bacterial and other toxins may
ba0 15@ﬂt R fimited smwhswé\ce dependgpesitsubstanseeluseagulstancs IPEsAToN e bsiANCe

co-ad Wltﬂ&t%Waiita!)c%ﬂolg‘efalfbot é]goregﬂgp%{:)ﬁeﬁaﬂﬁr%cdr Rheliflifd-fke-RRtEd disorders, The

conpounds nay mnistered to treat and/or prevent pain, incl udi ng
acut e caffeioe-talatgil disorders, saneakis-ielatee disersiars cecainrireiaied diserdsks, hallugnogen-

anal 9¢ghfaq¥dolddrd Y¥nilark YOBRUY S rders, nicotine-related disorders, opioid-related disorders,
phencyclidine or phencyclidine-like-related disorders, and sedative-, hypnotic- or anxiolytic-
25 related disorders, personality disorders, including but not limited to obsessive-compulsive
personality disorder and impulse-control disorders.
The above conditions and disorders are discussed in further detail, for example, in the
American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision, Washington, DC, American Psychiatric Association, 2000. This Manual
30 may also be referred to for greater detail on the symptoms and diagnostic features associated
with substance use, abuse, and dependence.
One embodiment relates to a method of treating or preventing CNS disorders in a
subject in need thereof comprising administering to said subject ((R)-3-((E)-2-(pyrrolidin-3-
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20descri bed herein may be denonstrated in nodels of persistent inflamuatory
pain and of neuropathic pain, performed as described in U S. Published
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l'igation nodel of neuropathic pain). 25The analgesic effect is suitable for
treating pain of various genesis or etiology, in particular in treating
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8 formatlon of toxins, and the body’s natural response to the bacteria or virus and/or the toxins. As

discussed above, the body’s response to infection often involves generating a significant

amount of TNF and/or other cytokines. The over-expression of these cytokines can result in
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30the atons is a detectable isotope selected from 19F, 110 and 140.

The adm ni stered conpounds may be detected using known detection nethods
appropri ave 2bovoesdae | abel used. Exanpl es of detection neCha$3002066083
scintillation counting, position em ssion topography (PET), single-photon
em ssi on conput ed t onography (SPECT), WD 2010/065447PCT/ US2009/ 066083
gamma i magi ng, nmagnetic resonance imging (MRI) or magnetic resonance
spectroscopy (MRS). The radi ol abel s descri bed above are useful in PET
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sel ected 5%@@@@@@@@99 fregediated by NN aad Mﬁj’ kedRkibied R adRivistering

admi nj, 6rﬁ§t§gr egfaga BMl@fsCo?ltHéée%%plt&W aﬂéseoaf ao%dgus&ns@@hér%ﬁhhbmes
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ni coti nic 20chol i ner%l c receptor subtypes wthin the body of a subject,

par t i EQANBYNIS JeSFIDRIDREDr ai n for di agnosis associated with a variety of
CNS dpgigases and di sorders. In one aspect, the diagnostic
conp05|t|ons may be used in a nethod to di agnose disease in a subject, such

as a hunan!PREPBRPUNAFIRAYRA FHRNISIRIR (PdEeah ART/AT REXSNLRGIN BT 304t ent  a

det echahbigicairfRfhat?yTRRURbakic mg{rbmga.hemb@na@@@ic%ﬁmtdf BE8mp&hdai ndi ng
of that 25conpound to selected NNR subty (e 462 reéceptor subtypes).

T#Hbs edaseribpdBerein MRk bademapstiaethiy rewd@gbwgqeir%st@%n@am@at@w Rain pesolind  SPECT,
can Uﬁ&rbaﬁh.e%irpb@#@fh%@ éscaagemyasn@ﬁ@%bﬂ%ﬁﬂé@mmﬁpﬂcﬁloﬂwse a w de

vari et condi tions and di sorders, includ ing conditions and di sorders

assoc?é@@&%&iiwuwlsew&?t @ (o8-, mesharieal hyperalggsiain heciamplete Fiesng'ssy st ens.
Such Qa,a@arrf#%t%dd&q:bﬂﬁﬁa@myo%paﬁah@%cﬁén.%yﬁéré gasiE ﬁw@%ﬂ.‘us’% QJatRsi S, such

as Al zheimer' s di sease, 30Parkinson's di sease, schi Zophrenia or any
di sorél‘é?t'Orf@r%q igatienmogakef. neR@P@Hl'Q)FPa"Bl ndi ng The conpounds of this

i syyention ﬁﬁé’a:‘?ﬁl\&&?@ é’b?lsrs% t%l@'ﬂ%frelahrg?ggﬁ o’f@arrb' deRgsid 8P &6% Ofn conpounds

which bind to N articul he a4 receptor subtypes. For
t hi s pRitipidaen twwmmtbaromsmwmr/awszewmowralgesm neurOpathlc pain and

associated hyperalgesia, chronic pain (e.g., severe chronic pain, post-operative pain and pain
associated with various conditions including cancer, angina, renal or biliary colic, menstruation,
migraine and gout). Inflammatory pain may be of diverse genesis, including arthritis and

30 rheumatoid disease, teno-synovitis and vasculitis. Neuropathic pain includes trigeminal or
herpetic neuralgia, neuropathies, diabetic neuropathy pain, causalgia, low back pain and
deafferentation syndromes such as brachial plexus avulsion.
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t he conpounds of this invention are preferably |abeled with a radioactive
i sotopic noiety such as 3H, or 14C. Exanpl es of such bindi ng assays are
descri bedworrothatsaddr bel ow. Pharmaceuti cal Conpositions PaoTarseoasp@ss t he
present invention relates to pharmaceutical conpositions conprising the
5conmpound of the present invention and one or nore pharmaceutically
acceptable carrier, diluent, or excipient. Another aspect of the invention
provi des a process for the preparation of a pharnmaceutical conposition
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phd&r memenpristgl sacbeguuziunisns  of the present |nvent| on may be provi ded in

nodi fig@jerﬁk@ﬂgg dosage forns such as tine-release tablet and capsule

f or mul he pharnaceutical conpositions may al so be admi ni stered
via injecti Iora,ddmant:d yeatingtGN disoudtstsy jnflammationsand weain. yhe sabearrdaebins! y,

i ntraperitoneal rt I
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conposadmigisteredip trrat semyURIassush ag dhose thatr %Flﬂ'ﬁﬂeﬁ‘a%i’ ePgYo P”%%ﬁﬁ?ﬂ e,

mamel csHéfIBn& Sudh AP8Rllis Hd: Credizfel@YakdBalidiage. Fabbit, horses, dog, pig,
cow, or nonkey; but "advantageously is 30adm nistered to a human bei ng.

Conbi nBRignpestic Uses conmpound of the present invention nmay be used in the

treat ment OAn@n¥adrhsddimeht o tHeosrdsdrt nﬁ/@ﬂtl&%@téé t@%wﬁb@dnd@tﬁaﬁm utin®asbe
used in conmbination with a variety of other

2020/ 0¢i8gEEHCHDENS 009 /NBEeRser ?'H@F%é@ﬁ@ﬁ@sﬁﬁéﬁtb@lﬁ@é@f”&l in the treatment or
prophyl axi STﬁ’é cérﬂﬁ’oﬁﬁdg'n%r%eds%d i Bi'é mos‘ﬁ@%o Fggﬁlér{@%crpis broBed HARRDkarly

invention relates to adm ni stra i on of he COI’TpOUI’] of the pr esent

i nvent waen they @mpﬁlélﬁi Bh'nﬁwfh apRrRBfate fabelsp dinei RFoRR§Ra YL be Ff%?d &rpmele. ihe
conpougg Rf\m%ﬁ% r@fa%@ﬂ&mbé‘r"é?ﬂ;’dr‘?urhdﬁ@ﬁ( oP§p it JeddptF O BARAldr) Ihdvbdgp ot her NNR

Ilgands such as varenicline),
receptor subtype. For this purpose the compounds of the present invention most preferably are

25  labeled with a radioactive isotopic moiety such as ''C, ®F, "®Br, '®| or '¥°I.

One embodiment of the invention relates to ((R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
(tetrahydropyran-4-yloxy)pyridine, or a pharmaceutically acceptable salt thereof, or the mono-L-
malate or hemi-galactarate or oxalate or di-p-toluoyl-D-tartrate salt thereof, wherein one to three
of the atoms represents a detectable isotope selected from °H, "°F and '°C, or wherein one of

30 the atoms is a detectable isotope selected from '®F, "'C and "C.

The administered compounds may be detected using known detection methods

appropriate for the label used. Examples of detection methods are scintillation counting,

position emission topography (PET), single-photon emission computed tomography (SPECT),
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5antioxi dants (such as free radical scavengi ng agents), antibacteri al
agents (such as penicillin antibiotics), antiviral agents (such as

nucl eosi awoanwlwgsty | i ke zi dovudi ne and acycl ovir), antiPcoasadnt@®sg such as
warfarin), anti-inflamatory agents (such as NSAIDs), anti-pyretics,

anal gesi cs, anesthetics (such as used in surgery), acetylcholinesterase
inhibitors (such as donepezil and gal antam ne), antipsychotics (such as

hal operi dol, clozapi ne, ol anzapi ne, and 10queti a |ne% i MMuNQ- suppr essant s
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iation thera ueti c._agent eutlc n Qr aents used in
s P isias rePIr ST m e S e RUPE Pt h B ol
((R- %ddrﬁks%sé&&été@l/\ﬁtdlamaaet)ﬂo)‘WN&/dhéed_seétaﬁtl aabwémpYr an- 4- Yl oxY) Pyri di ne
or a salt thereof | ubstrate P | ocated in the
] ood” br i 11hBas Areach the SHBESE RmPPSGTIaR, At Pefimraelsg 1 5088 R ancas
out ofdigdage i @bibjeddguch@stdhusmarparient. tTHeSmétﬁwaﬁhvdlvfaéladmirﬁstém"lglettha'ir ugs into
the brain in therapeuticall effective_b%i'rrﬁun S. JHIS often results in the
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described herein to diagnose a wide variety of conditions and disorders, including conditions

and disorders associated with dysfunction of the central and autonomic nervous systems. Such

disorders include a wide variety of CNS diseases and disorders, such as Alzheimer’s disease,
30 Parkinson’s disease, and schizophrenia or any disorder herein mentioned.

Receptor Binding

The compounds of this invention may be used as reference ligands in binding assays for

compounds which bind to NNR subtypes, particularly the a4B2 receptor subtypes. For this purpose
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10substrate for the POP punp, can be adm nistered at | ow doses while at the
sane tinme have a relatively long duration of effect. For exanple, conpared
to acetylwbabiwmes4arhe natural agonist for NNR, the respeasasban/ 066083
((R-3-((B)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine
is twce as great in the in vitro assay at a4132. One enbodi nent of the
invention relates to adm nistration of a pharmaceutical 15conposition
conpri sing

( (R - thecompoundssf thisdnyedition areypraferahly Igbesd witbarragipastyp sotaRicangiety 2y5Hss Hdi ne,
or a Ehaénﬁ%%lésc Ishi¥h &ﬁ@ﬁ@ ggat%adegcﬂtﬁ@rr?@tall pelpwertain embodi ments, the
nmono- L- mal ate or hem -galattarate or oxal ate or di-p-toluoyl- Dtartrate
sal t Phamaageutical Gompasitiops bet ween 1 to 2200 pg/day. In another enbodi nent
t he anmount 5 /: 50
to 1000 polily PRl g BReds Nt Rided b ec IRAF sy 08 cabi o e

arfot hemmmtin‘dd:f thenpresérd inveotion anolsor%ortmor:eomapgamrycallyraoyet:taah:octaﬁw
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((R - aphérlﬁ)acéu(qmycmmbwsltlann-nselwlmg/admlx)ngahé cenpancf iy present-iptensign with i di ne,

or a pharnaceutica salt t o) ertain enbodi nents, the
nmono- LA HPE W"ﬁ@?ﬁﬁéﬁ?%c Cﬁ?%ﬁ?ﬁeg?m&gﬂ%g rexg'io%n?t oluoyl-D-tartrate salt
t her eof , nHye hanasininh mhajhethedompwndafmhe ms@ﬁtmmeeﬂort isregimninistieted méneary.

odi rel to once daj |on nbdlrrent rel ates
S P B ClrabeidieiTns svep R tion is DR Al Shras R e T v ent | on
r el at grarhfaceutiiRcxgsueitivhs Wdrioed ahmmardnah includbeamét% catpenreeeampfetsarwruas hours.
I n one enbodi nent the t%Jjs getvveen and 7 her .enbodi nent

t he t8glutions, andgsPensiaisan "Bﬁ%ﬁl‘PﬂﬁH{“PB?'t'?'??ed tm@rﬁﬁ?@dn@ﬁ'afe B@YP§ a NNR

agoni gloviBl fhmbBasied reledsatdo8BgeformaetiérPds fiRé\eeasetaplBaddcdpeuUls. | n one
enbodi nent the duration is between 6 to 9 hours. In a further enbodi nent

the di@plBNS:s 8 hours. In a further enbodi nent the agonist is an a4132

agoni st Yg 3%&@@%7@@&&%99%&% admumsterédﬂvM%eéﬂbﬁt Réthelgmbodi ment

the agonist is - -2-(pyrrolidin-3-y
(tetr @Hﬁmrwyylwantramywjarwpwcmaneo s&&trﬁp%@o'seﬁ% "ﬁtbaarwv?'wg'r@rﬁm?ﬁﬁléfsa%dr e

pr 0?’: ﬂ%cér@br‘o%ﬁ’tﬁ&ﬂﬁ‘i)ﬁ Gd?ﬁer@ﬁ‘@rﬁt%@étldnrm@‘hblg@e 58 @kxaB8e kSlutits, YRine OarRt r ued

hereof. 'in these exanples, all parts and percentages are by
vvel ghphost@hﬁ@d%iﬁéteﬁ*éaw‘%e noted. Exanple 1: Instrumentation and experinental

protocol s Q& .Gh R Ié@ﬂe inm(n er8d U6iRY other means for example rectal
2- (pyrrolldln 3- vinyl)-5-(tetrahydropyran-4-yl oxi/ pyridine and its salt

f 2 s adioRistiatien- mwnmegwa*ﬁ@ebe( agdvrtnistgsed by halelgn, Kivrexapwis. innthger e
col | eff i AR aBHdsBF fopfafRrslidn abh tofior AR mMEZnd AR hAHTBMh &Y, uSinSaUkRkdermal

patch (for example, by using technology that is commercially available from Novartis and Alza
Corporation), by powder injection, or by buccal, sublingual, or intranasal absorption.
Pharmaceutical compositions may be formulated in unit dose form, or in multiple or
25  subunit doses forms.

The administration of the pharmaceutical compositions described herein may be
intermittent, or at a gradual, continuous, constant or controlled rate. The pharmaceutical
compositions may be administered to a warm-blooded animal, for example, a mammal such as
a mouse, rat, cat, guinea pig, rabbit, horses, dog, pig, cow, or monkey; but advantageously is

30 administered to a human being.
Combinations
The compound of the present invention may be used in the treatment of a variety of

disorders and conditions and, as such, may be used in combination with a variety of other
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15  gabapentin), vasodilators (such as prazosin and sildenafil), mood stabilizers (such as valproate
and aripiprazole), anti-cancer drugs (such as anti-proliferatives), antihypertensive agents (such
as atenolol, clonidine, amlopidine, verapamil, and olmesartan), laxatives, stool softeners,
diuretics (such as furosemide), anti-spasmotics (such as dicyclomine), anti-dyskinetic agents,
and anti-ulcer medications (such as esomeprazole). Such a combination of therapeutic agents

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

25 in: (1) a unitary pharmaceutical composition including both compounds; or (2) separate
pharmaceutical compositions each including one of the compounds. Alternatively, the
combination may be administered separately in a sequential manner wherein one treatment
agent is administered first and the other second. Such sequential administration may be
close in time or remote in time.

30 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
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10 Nunber of Scans 2 Flow rate (nmL/mn) 200 Tenperature (C) 25 Stability
(CGmn) 0.2 Sorption Time (h ) 6 hour tinme out Chemical Purity by HPLC
Purity amsibysicoedss perfornmed on an Agilent HP1100 seri @STAR3M0006@§%I pped
with a 10di ode array detector and using Chenttation software yB. 02. 01- SR1.
HPLC net hod paraneters for chem cal purity determ nation: Sanple
Preparation 0.5 ng/nlL in acetonitrile:water 1:1 (y/y) Colum: Phenonenex
Luna C18 (2), 150 x 4.6 nm 5 pm Columm Tenperature (C): 25 Injection (4):
5 Det ipothurartherapy.

Low dose

((R)-3-((E)-2-(Pyrrolidin-3-yl)vinyl)-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

5 responsible for pumping substances out of the brain. Due to this pump, it is often difficult to get
drugs into the brain in therapeutically effective amounts. This often resulits 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

10  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 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 a4p2.

One embodiment of the invention relates to administration of a pharmaceutical

15  composition comprising ((R)-3-((E)-2-(pyrrolidin-3-yl)vinyi)-5-(tetrahydropyran-4-yloxy)pyridine,
or a pharmaceutically acceptable salt thereof, in certain embodiments, the mono-L-malate or
hemi-galactarate or oxalate or di-p-toluoyl-D-tartrate salt thereof, in amounts of between 1 to
2200 pg/day. In another embodiment the amount is 50 to 1500 pg/day. In a further
embodiment the amount is 50 to 1000 pg/day. In one embodiment the amount is 50 to 500

20  pg/day. In another embodiment the amount is 75 to 300 ug/day. In yet another embodiment the
amount is 75 to 200 pg/day. In yet a further embodiment the amount is 75 to 150 ug/day.

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

25 three times daily. One embodiment relates to once daily administration. Another embodiment
relates to twice daily administration.

Another embodiment of the invention relates to a NNR agonist which has a half life (ty,)
between 5 and 8 hours. In one embodiment the ty, is between 6 and 7 hours. In another
embodiment the t.; is 6.8 hours.

30 Another embodiment of the invention relates to a NNR agonist which has a duration of
action between 5 and 10 hours. In one embodiment the duration is between 6 to O hours. In a
further embodiment the duration is 8 hours.

in a further embodiment the agonist is an a4p2 agonist.
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Wavel engt h, Bandw dth( nm: 255,90 Flow Rate (nmUm n): 1 Phase A: 0.1% TFA
I n water Phase B: 0.085% TFA in acetonitrile Tinmetable: Time (mn) % Phase
A % PhasewB200/@85445 25 5 95 25.2 95 5 PCT/US2009/066083

In yet another embodiment the agonist is ((R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
(tetrahydropyran-4-yloxy)pyridine.

Examples
5 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.
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
10  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 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,

15  data were acquired through the use of Topspin alone.
Melting Point

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

to a heating rate of about 5 °C per min.
Differential Scanning Calorimetry (DSC)

20 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, in a pin-holed aluminium
pan, was heated at 10 °C/min from 25 °C to 175-200 °C. A nitrogen purge at 30 mL/min was
maintained over the sample.

25 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 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

30 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).
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30 95 5 1lon ChromatoqraphY Data were collected on a Metrohm 761 Advanced
Conpact |1 C (for cations) and a 15Metrohm 861 Advanced Conpact |1C (for
ani ons) us0ngllGEsMet software y2.3. Sanpl es were prepar @dTAS200006609p M
stocks in DMSO. Sanples were diluted to 100 ppmwi th DVBSO prior to WO
2010/ 065447PCT/ US2009/ 066083 testing. Quantification was achi eved by
conpari son with standard sol uti ons of known concentration of the ion being
anal yzed. | on Chronmatography nmethod for anions: Type of nethod Anio
exchange CAVRiAaly a M8 mesegnple wiapplased opde RIEYMRSLIGINRH SES B?ﬁ%‘eﬁ'lé?\%ér ature
E?L . )'ie%%oddmo%@.t TRE shfhbie Wi IPSIRLAAIHIoddeaduabio RN uindObeCt@hickl ow Rate
mn):
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
5 overa0-90% RH range.

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

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

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:
Wavelength, Bandwidth( nm); 255,90
Flow 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
30 95 5

ion Chromatography

Data were collected on a Metrohm 761 Advanced Compact IC (for cations) and a
15 Metrohm 861 Advanced Compact IC (for anions) using IC Net software v2.3. Samples were
prepared as 1000 ppm stocks in DMSO. Samples were diluted to 100 ppm with DMSO prior to
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0.7 Eluent: 3.2 nmM sodi um carbonate, 1.0 nM sodi um hydrogen carbonate in
water 5 lon Chromatography nethod for cations: Type of nmethod Cation
exchange wWol2aromesdet rosep C 2 - 250 (4.0 x 250 mm) Col umoT/Se@enatoss e (C):
Anbi ent Injection (4): 20 Detection: Conductivity detector Flow Rate
(m/mn): 1.0 Eluent: 4.0 mM Tartaric acid, 0.75 nMDipicolinic acid in
wat er Exanple 2. Synthesis of tert-butyl

R) - 3- (et hyl sul f onyl ox rrolidi ne-1-carboxyl at .
(R tésting. >(l)uamtificatign wag )agﬁlieved by comparison th s%ngar% S%FJUOHS 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
5
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)
Procedure A: To a solution of tert-butyl (R)-3-hydroxypyrrolidine-1-carboxylate (200 g,
10 1.07 mol) and triethylamine (167 g, 1.63 mol) in toluene (700 mL) at -20 to -30 °C was added
methanesulfonyl chloride (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 completion of the reaction.
Upon completion of the reaction, the suspension was filtered to remove the triethylamine
15  hydrochloride. The filtrate was washed with ~600 mL of dilute aqueous sodium bicarbonate
solution. The organic layer was dried and concentrated under reduced pressure to give 2 as a
viscous oil (260 g, 92%) which is used without further purification. '"H NMR (CDCl;, 400 MHz) &
5.27 (m, 1H), 3.44 — 3.76 (m, 4H), 3.05 (s, 3H), 2.26 (m, 1H), 2.15 (m, 1H), 1.47 (s, SH).
Procedure B: A reactor was charged with tert-butyl (R)-3-hydroxypyrrolidine-1-
20  carboxylate (2.00 kg, 10.7 mol), toluene (8.70 kg) and triethylamine (1.75 kg, 17.3 mol). The
reactor was flushed with nitrogen for 15 min. The mixture was stirred and cooled to 3 °C.
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Procedure A: To a solution of tert-butyl
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conplete, the reaction tenperature was allowed to slowy rise to 102 C
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which time GC anal ysis indicated conplete reaction. The reaction m xture
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(4.0 kg) for 15 min, and the phases were allowed to separate for 30 min. The organic phase
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20earth (25 g). The filtrate was collected, cooled to 5 C, and the pH

adj usted with 50% aqueous sodi um hydroxide (250 nmL) to pH=13. The sol ution
was extrawoedioossaie with chloroform (1.0 L, 600 nli), anectrhs2aaioesnss or m
extracts were conbi ned and concentrated under vacuumto give 12 as a dark
red viscous oil/low nelting solid (187 g, 87%, which was used w t hout
further purification. 1H NVR (CDCl 3, 400 I\/Hz) 6 8.29 (s 1H), 8.24 (s, 1H),
7.38 (s, 1H, 4.52 (m 1H), 253.98 (m 2H), (fm , 2.05 gﬁm 2H) ,
1.81 mt@@stnr@mﬁbwgtqeﬁedggmmoglum chl@r,rde.(@l&lgg) or 30 m|n and the phases

(R) ('v:v)s aI(o%veﬁﬁoéEﬁérééWrdﬁ mwmér&?anﬂ ¥h£§@’\)/§§’6dn%lﬁeo3w1th S|I|ca ge! (160

)V|ny pyrrolidine-1I-car

ure of
( R) - 3-andl aijresfor dihi dinhgdroug sediaxauifate (@4Q g). Wi @ddegsarm ihmm}tur%was stlrredy

pal | o GRS T P degh B gea, Aol Mr it ppusitec FiRbler 5

md| ) (488d0)diTihe diffratgyrpe condeatibted upde vacyummt 5 Gré@rrﬁyh, amdptl;x@ FesiultiaD 98 Mas ( 130

m_ T | sl (%NF
te) 2?2 tmég\?ﬁua&e%%\% t6 ﬁgﬁé/ar{ Hd"f@@ogwrm;mg%t extq’\asr 2 % ﬁrbgt y Il‘acet ate
(2 x Esemple 8: Syrdhesiaiof terd-butyd 4R)- &vmwpsamlwlmeﬂ@adwwts\(%)r sodi um sul fat e,

column chr brasealte £ b'splith Bl IR S Ao IR OF Bt

was fuartbbreylatpmm Dige d6"omnmat)y sodiem idrides(3AFLE 208inmol) a0é %e2-dimethoayethamet | ¢ aci d

it foac @nrjpﬁ)(\ﬁé itﬁ@fq FQ%ﬁSEE#toe% ﬁg[} sotuﬂ%_;r %a{sqsa'nﬁﬂm&frly R MR by

y| oxy HPLCi tdiestaBligh oommwmnme)taadime Uparmdrrmtgtloatoé ratlio) te salstian \gausm
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(R ( B Satsitalk Sarh GRS bave oy sk waspshon wih § Zigmethoxyethane (100
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(or DShepenried bolks: The Slas Cisobfe ﬁrh@eé@n%%“@ﬁﬁ%@aﬁtyre@v‘%%q 2 And gfigre

resi dugmaasthedblidst |T(P1@Qﬁ|gé?ﬁﬁ lapeTWwaAdgaVeHsifethdl M 8 hd Bndedfiatetiunagd
chl orof orm (1Q0 %@%%The% %J)tu e was basified to pH 9 with 10% a?ueous

153 od VBFHUAY thr UG PIRCUR 7SR L |*39‘MR s A9RNBP 2Rd
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|l ayers were dried over sodium sul fate and concentrated on a rotary
evapor@9dm. {15).gi-Q&(m. TH), 2.78 (m, TH), 2.01(m, TH), 1:62-1.73 (m, TH), 7746 (m, OH)
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refl ux1@rg, dHf skl lpbidsSiimWaa-tutdxider @84 g TN 82 o)t Kidea s portigned 45, cool to
anbi ent te erature. Crystallized pro uct was filtered and dried on high
vacuu#df rpg) \ghl{%namtamlng temperature below 15 °C. The reaction mixture was stirred 1 h
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synthesis of (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
(tetrahydropyran-4-yl oxy) pyridi ne (1437 nono-L-nal ate




Under a nitrogen atnosphere, a m xture of 3-brono-5-(tetrahydro-2H pyran-4-
yl oxy) pyridine (125 g of 85% purity, 410 nmol),

(R) -tert-wotzglo/@s4a7nyl pyrrol i di ne-1-carboxylate WO PCT/US2009/066083

2010/ 065447PCT/ US2009/ 066083 (67.4 g, 340 nmmol), palladiumll) acetate (8.1
g, 36 mmol), tri-n-butyl phosphine (15 g, 74 mmol ), potassium carbonate
(74.0 g, 530 mmol), and DVAC (0.85 L) was stirred and heated at 130 C,

monitoring for conpletion of reaction by L of reaction,
the re@EHIBRt AP xE P 8IVR&S° SRS I9da0 & RiB &.?ameﬁﬁgﬁ}ﬁ W?%ngLégblgFtN@?ed t hr ough
a pad pctighaily UERIEPH20°2E {ofr tB(GRQ D6 oF fuAfe®d (bpvadi 38°C)e9PAbuve BHGC
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col l ected.” The aqueous phase was extract
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(1.40 h)eoa&daﬁ@shffg 6*'4% slele) ddB/ngw) tHufdh éfq%mmott@tn@mscalaaé@mg
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di scar h ] i %
aqueou ST ristt SRl sOinplelEn BESRILR, PO Rl AREERME Bfholieu BYiuRt 5‘?%?8“%% D).
The cmamrreﬁlmrerwasagcmied/\tasarmwaerdpetatUTeteTtaqaeg@m; layey evasweashedatith d@faust ed to
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put S QORI R s S PG ool B ol St e Baledin e B g 10
25y: ) ;/g Jrankd)stifred @t wagdmormf-h pyh?suscbeykngu%v)agyigerdd rtteobgh & pay ef 6|atmmatce?ttshe f

ae on or oxall C C/l m Xxture o
2 o ig) S5 filtalemaseca B ottt o Bo 2o i had PR it B SRuslS £
and heﬁiduﬂﬁl h@drokifle 52550011()1:5 |dtﬂ=ﬂ)3 ThBisslusien whé extravtsd taddagith envebfaamI110iLn
perlo toastlrr

(R - 3- 32 at‘imerﬁt ?faf%ﬁmfxs??ste PRA §UBRIRRE PREhGRIICENUAIeR PG vouum to give
yl oxy) foy/as didak re82isBogs @ﬂloWGﬁélWﬁ)llbWHF@,Q?%&)\thﬁ’hNa‘ﬁ used antpompmmar (1.0 L)

hel d at 70-75 T
that vegaien, 5 NUR G5 200 i 8528 Rkl g P GarF & ¥ e SR 4300 ‘tyiur ce
Wegh I eprog e, %H)d 3Id®€(rr§QHEt2 @B1(n’vl\l812$-i )coel ed, &Hp\évl y to 45- 50dcbover 45 m n.
pr eci p tate r | C ni 65- an com
as the ’f%’@ﬁ'leﬂi% gsgﬂgﬁ gt@%(ggﬂzig%ﬂt%hw%?é%wa@ ¥'(?x5i}1g’f '?' t| on
at 45- ﬁ%ﬂMrMW1-c%&@Mé@ﬁ5447Pﬁ/ U82009/ 066083 successively wi t h
2- pr opanol exanes 0 an lid s air
arPea ror oA aiy et Bl RS Relifoss e Poete IAEP0 8T8 mitebRRa ™t hat
t he comoaats- QétrdiH”}eroZZIaWran%Qloxy)pyndlne 12 (10.0 g, 38.8 mmol), palladium acetate (0.40
30 g, 1.8 mmol), tricyclohexylphosphine (1.0 g, 3.57 mmol) and diisopropylethylamine (15 mL) in 1-
methyl-2-pyrrolidinone (130 mL) was stirred at 130 °C for 17 h. The reaction was cooled to
ambient temperature, diluted with water (800 mL) and extracted with ethyl acetate (2 x 200 mL).
The combined organic extracts were dried over sodium sulfate, concentrated, and purified by
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impurities had each been reduced to <1% This result was reproducible over
multiple runs. Material of even greater purity was obtai ned by

recryst alwozatomws4f7r om et hanol / wat er. The 5st oi chi onet r pycofustéve/os@Bs was
2.3:1 aci d/ base (see Exanpl e 15). A sol ution of

(R -3-((E)-2-(pyrrolidinium3-yl)vinyl)-5-(tetrahydro-2H pyran-4-

yl oxy) pyridi nium oxal ate (380 g) in de-ionized water (2.6 L) was stirred
and cooled to around 10 C with an ice bath. Aqueous sodi um hydroxi de (0. 40
L of a&%g%{/&gluamdétﬂomt@@ra@hpéﬁm@éodpo‘Xoaethylraceﬂateelpuhegam%Th'érm@ﬂ@twa% bel ow

30 C. fuﬂﬂ}ePﬁ f%& éve@sévmé(%%ﬂm@ﬂs ﬁ?@%‘é% tﬂﬂ&’or%@@enmaﬁd% GcdBMaie ahd rred

Vi gor ous mn a ere o renove insol uble sodium oxal ate. The
| ayer8. %@flmrom@g arig is watar & @b’fatLiJr’i@lrt‘tblcl’té’I aht(Br- 6f(%1(5n(tlet=§?@4dr%8§ RyERfbfned with
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for 3 nbient tenp tered. The filtrate was
concehtBrdt (ed1 binde37 (educdd Har ét@u7r§8f901m‘)0@&8édal ¥ lgAtHz advb48ddd Joi | (221

| 19REREEE THohIL Ao WL AR TPl B BERORIE 4 B RIRATE, 1€ g
a 2dgHggiaiﬂaB15|(mse I-(),l@OQ-ril% (tro 1t)d211BenRF @n,.3 1), I BHLTS o, dH), t1h438t @gtEH;S 8
For 165w £ SyRERE bt R (EPATRelo sy A G ™8, ' 0ol ea

sI oW yloxg)pnioliren(14) herpigamﬂlamté 90 mn). As the tenperature approached 65 C,

sol utign seeded , wi .t h f crystals -
(55005 | B3ePRe af Al G P e Gs et Rh B 2Bbmwan-spiopypyricin-3-
20pyr qipvidy @y 1-caibogylamies - 461 Rimendidh dichbidrasthaié (40imp) aid ambi ent
re for 1 e su coll ected solids were

t enpe u e onwa f||t red. T
msheﬁ?‘W&Oﬁ%‘%ﬂC@pQHde (Vf"s)é'g' 3@ E'Tb'eﬁftte SBrr g&”?ﬁ $AEYR0 Wakhg vacuum
dri edcgicefBatedionra Btdty eVdprates dhd trregre@‘dne was toartma«ﬁ@r betve¥® sgtoRte2S8ign and
was >99% pure e 13: Procedure for scree[j‘l1 QA) for salt

for mcl@prnc{q#pgol@aﬂthto&;p%ﬂqg rHE)g %}‘[’Ilﬁg}dj’g was basified to pH 9 wit aqueous
254 t e’sécﬁuhﬁqlfyemfdé%bﬁm?dh OWié)d?Mémgla'Q& was separate8 bnd Hﬁeiqlkéuéﬂai/er Sitdvieded with

magnetic stir bars, were charged with equi-mlinplar anounts of
ROL St EblomrorBy 21 Qi) Tha 1P TPIGH PraaYk BYS & NPER B Y6 SOGBRHIASand: ne
base ggtehitftedaoht r@far* @\Vﬁfoﬂﬁbr t()'b‘ﬂ%t()?)@g‘{%)?z ?@Jo}(&ﬁl%\lvlﬁﬁhyﬁgo(téﬂah%m@H her

2- propanol or acetoni re0|cg| tation did not

occur Py )d@tyowwﬁlgme.@@m)@ﬁﬁ g%emis wag gisgoveq inmethaaeld 0@l aand

30ant ageaNEBtid (3.0 g, 14.6!nimBIPwRS BB4EY A thetniQEFdvESReatbd B RALY BfRis MRS
evaporated under a nitrogen streamw th noderate heating and an alternative

fs%CP veﬁ‘?'umw@srf"@ded Angd é'l*"r%ﬁ Ve akwragdn ©golite ambirsd temreraties. Thachplallizeedt at e,
' soprE ﬁ%'%tfﬁite?ed Ii %D's"ﬁﬂﬂbd nf?@%%térrlh leﬁmn@l%@@%L )L ¢hd - but anol ,
ut y t he

tert acet at e, reo e use of al cohols was

avoi dedspensiphwag é@éteéfto seﬂur( @nf bobgalution wasdjitetasy I he fitreate was\allowedde cool to
caut i guigloht teMpelAule € ridtsiRl gf&cﬁ%?ﬂ&s AR SLAY bridC & ﬁl%ﬁ v‘«’:‘@%n‘f’b?rﬁﬂ% higged due

to Sdenonstrated reactivity he secondary am ne filnct

(R - 3(RXE§(E22wyrrphﬂlmﬁryﬂde)y5 otefmhy)drcs2H(wanréhhlymgyrmmqowalgaIa_ctﬁrais(_9‘) pgri di ne
1441 MPEST0%6, Vi SBH) SB0Rld E80. TN ERLS, 559 TR 10 1y el e
4- Acetarf-¢otsed 7o1&®Hi, 1 H), 6.21 (dd, J = 16 0,7.5Hz, 1 H), 4.65-4.454 (m, 1 H), 4.12 (s, 1
H), 3.89-3.83 (m, 2 H), 4.80 (s, 1 H), 3.56-3.33 (m, 4 H), 3.27-3.18 (m, 1 H), 3.12-2.96 (m, 2 H),
2.23-2.14 (m, 1 H), 1.98-1.91 (m, 2 H), 1.88-1.78 (m, 1 H), 1.68-1.58 (m, 2 H); MS (m/z): 275
(M+1).
30 Example 12: Large scale synthesis of (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
(tetrahydropyran-4-yloxy)pyridine (14) mono-L-malate
Under a nitrogen atmosphere, a mixture of 3-bromo-5-(tetrahydro-2H-pyran-4-

yloxy)pyridine (125 g of 85% purity, 410 mmol), (R)-tert-butyl-3-vinylpyrrolidine-1-carboxylate
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Adipicoil (1 R 3S)-(+)-Camphoricoil (1 S)-(+)-1 0-Canphorsul fonicoil
Citrictacky gum Fumari coil D- gl ucuroni cbrown gum Hydrochl oricred oil
4- Hydr oxyWwenamvwsacky gum 1- Hydr oxy- 2- napht hoi cbr own gumCiXise@bosa33
Mal eicO 1 L-MalicCrystals MalonicG |l (R)-MandelicG 1|l (S)-MndelicG |
Met hanesul foni cO | 4- Met hoxybenzoi cG | Phosphori cGum Succi nicred oil
L-TartaricG | p-Tol uenesul foni c. H200 | 10As denonstrated in Table 1,

findi rz 2%' :|3£(110 r%?rlotl) Lgllraréll;urr]:(ﬁ)r ac(elt?gte%gf(l IgE;) 36 rl)r (t)rll n%utylp%\ospr\wlmgw's)é,%ﬁ mmol),
potassium carbonate (74.0 g, 530 mmol), and DMAC (0.85 L) was stirred and heated at 130 °C,
monitoring for completion of reaction by LCMS. Upon completion of reaction, the reaction
mixture was cooled to ambient temperature and filtered through a pad of diatomaceous earth

5 (50 g dry basis), washing the pad with diisopropyl! ether (0.60 L). The filtrate was combined with

diisopropy! ether (0.60 L) and de-ionized water (0.50 L) and mixed for 15 min. The phases were
allowed to separate (15 min), and the organic phase was collected. The aqueous phase was
extracted with a second portion of diisopropyl ether (0.60 L), using 15 min of mixing and 15 min
of settling time. The combined diisopropyl ether layers were washed with deionized water (2 x

10  0.50 L) and concentrated under reduced pressure to produce a dark red viscous oil (136 g).
This oil was dissolved in diisopropyl ether (1.40 L) and cooled to around 10 °C with an ice bath
before charging 6N hydrochloric acid (0.40 L) via a dropping addition funnel over a 15 min
period, keeping the temperature below 20 °C. The biphasic mixture was warmed to ambient
temperature (off-gassing occurred as it warmed) and stirred until LCMS indicated that the

15  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 chloroform (0.25L). The
chloroform layer was discarded. The aqueous layer was then adjusted to pH >13 using 10%
aqueous sodium hydroxide (0.075 L) and again extracted with chloroform (0.50 L). The

20 chloroform extract was concentrated under reduced pressure to yield a red, viscous oil (565.0 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.

The Z and “exo” impurities were removed from the desired (R)-3-((E)2-(pyrrolidin-3-

25  ylyvinyl)-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, overa
min period, to a stirred solution of (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-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.

30 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 solids were collected by filtration at 45-50°C and washed

40



WD 2010/ 065447PCT/ US2009/ 066083 (tetrahydro-2H pyran-4-yl oxy) pyri di ne was
chal I engi ng. Reported bel ow are exanples of solids salts and their
synt heseswoBxswmpba714: Preparation of PCT/US2009/066083
(R -34(E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4- yloxy)pyridine
nmono- L-mal ate 5To a stirred sol ution of
(R -3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4- yloxy)pyridine
(900 ng; 3.28 mmol) in 2-propanol (5 nmL), heated to near boiling, was added
Ll | cSUusesssively39the2-nepparold® xfhafi L) ansdiexanes @y @20 bbr Theotes solithwas air diigdn was
stirr |
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heat i ng wa's sconti nu sol u I ON WasS See ' e sti
sol ut i iopurilies had eashdeen restioed t00<%bTelﬁtreSLétwyﬁsrrapmdemplzzove) mytiple re0stirri ng

Whereumgt nélgﬁﬁé’ri]%rea{e‘?ghﬂ&%ts% Wk&ﬁtaﬂ&?ﬁb‘ﬁl m%ﬂ'l Vlv%owe t was

re-di sso e-see cool ed an to stand
at 5arrtntemlomet1mefrtaelsaewmﬂtﬁomamg/tbaw (seg Bxempie419. The resul ti ng pl ate-like

t al I I
S aLS (LK Bl AR SR URLLIN 8% (UPRBR M Hdrsger op ]
vacuurgloygpyridiniunpox@léte (380 §) ih daflcmzesﬂeMath Q@?Lmqmtr@dmd@oledgham}aeﬁ 118w

cryst a&wn&%rﬁ) rce'bailhlSA%Pe%Pg%odI%ggy%ﬁgdg(@ég L% 2%@ Sgrrbsv\kl)eﬁ't?%%tf 9 th a

1:1 acid: baSe stol ¢hi a Si ng e en erm maxi ma at
119. 62mi6, km&gsthempnraiurmmlmtsemumrwefoup (1.6 L&sttmm aawa 4P Oe mﬂl@tﬂrd\/l-lz)

68'015 5 redyiadfosl 7 20yt e Deleny pubialispRpBoopbin e, ey 4

, 3 e (@liowed td)sepdrddd anonthe ciprofadmabyer dhs cbrriﬁ)ned?me\&l(dylclelSlFl)hlol BdR%6(m 1

3. ‘i}*) Th n@%& Qﬁ/aszstwed(afdé}ga%at%bﬁ (leggéa( lé% iiqfo Plgﬂﬁ@"’(pﬁggturﬂVSO

( m

202 M('dgﬂéi filtered. AGe(fiitratd we colcehbrafed, unlietedudedbiteésure fo pibdude 5ﬁgk(tde(e)d (1d|(;|) .
0 \Sopspi 2 torior s 9 Bast Ppry Wes 5s08e 8 T aromeney ED51 o, 1

H 15parrteaa4d ty 70K Elamytré6d ditakollMBRalic 3eid 11 ai?;; udindgh .2-gopghd Fhsel( 1oh, 1.98

m 2 ,. 1.80 , 1.58(m 2 25Fxa e 15. Pre aratlono

ER) 3- ’%_Pt)é? 32’8 ﬁéﬁ?‘lﬁol '%)OHJ“S“ 9%‘@ iSRY4 |§;P°§U%%de<ir} SRR B‘p%fr5a7n OVENBRPBY F&i ne
oxal atrixture was Re et '7557‘8| @tfbp’ﬂ) Rin, td-edstife %rﬁf)le%&%soﬂlt@a offfHe! sohigs, @@ tiesh f or
purlt y) in pr opano| m.) and wat er was treated with oxalic

aci d (Q?Ol?ﬁsslquly o amb'ﬁﬁﬁpwpe%ura (Qdminy, Aﬁﬁh%W@p&@twecﬁpprwéeqi 8s3(ftthag
M Xt UrgdIuieR wakiseb8sh witkla b@@&@gta@ofraﬁﬁe ((E@-TZL('fb?rrolﬂﬁ esm)ﬁﬁw Qf(tehﬁgf’d?o-@ﬂ-

B%rem pitate fromthe hot solution ure was allowed to cool to

i erRYranstyloxwiryridine meaodsmalgia ai. fé‘lef HyTing pleambiphide@geragiie mfér') thévashed
with %u@b&‘%?ﬂhai m@réﬂ— Tf% éﬂHﬁct@B@olﬂfs' v?vae W2HRED WA BLHTdEaMol 2 )@@SG'L 4yl eed) at

50 C for yi el d 861 el d based upon a 2.3 oxa ate

ot of cHGAeT 3, MiUiaeeERiRaUG dSERIE JOCE TN ST BF (aSHYPERTaNTiEImagHaian
of f - Wé.@,m%anway\gggﬁwggﬁﬁzed/ US2009/ 066083 0. 765 g sanple of this

material was recrystallized froma m xture of 2- Eﬁ)ozpanol (8 mL) and water
t

(1.3 riempleid é’croaedtrreﬁmsremf%éaltfm@qqf(Borer( twwéndm QTVBV"TYHé

regul t tmgh,@gyéﬂiamtﬁoi*?byﬁaﬁq (Buchner), washed with 2-propanol (10 nl),
dried under_vacuum (W th an air bleed) at 50 C for 4 h and then further

vacuum dri ekeshtubps éfhméi Proyidasyyithamagmetic sfipparggveretchacget ovith egusmiingplE(57. 6%

Eﬁga\zlgd'l\rg%uzn@éc oﬁﬁ%@fégE)\@ fy?roﬁd?n Wg@i‘ﬁylagl lé#nahw)r '\ﬁﬁgn l?o)(é)pﬁgﬁe b‘;sé %d 5he
51. 24:acq ofgntgrest egh -ang| d|s§olggd wih 90 L of elther 2-propanol or acetonitrile w1th the aid
of heat. If precipitation did not occur upon cooling, isopropyl acetate (100 ul) was added as an
30  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,
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1H NWR (D20, 400 MHz) 6 8.23 (s, 1 H), 820 (s, 1 H, 7.96 (s ,1 H), 6.54
(d, 1 H, 6.40 (dd, 1 H, 473 (m 1 H, 3.84 (m 2 H, 3.54 (m 2 H, 3.45
(dd, 1 Hwo20B®ef4wy 1 H), 3.23 (m 1 H), 3.12 10(m 1 HpCTAISE®I(0n4081 H),
216 (m 1 H, 1.9 (m 2 H, 1.83 (m 1 H, 1.68 (m 2 H. Exanple 16:
Preparation of (R)-34(E)-2-(pyrrolidin-3-yOvinyl)-5-(tetrahydropyran-4-

yl oxy) pyri di ne di-p-tol uoyI D-tartrate To a stirred solution of

(R - (E) pyrrolldln -yl)vinyl)-5-(tetrahydropyr 15yl ox ridine
(4.0 gethn@cmfﬁ JSoPFPPYL 3rstRSE, qbpoluts ﬁ?ﬁ&n%qqﬁfq”aﬁe 'h%@(‘@dfef@%w fe@\éét%dded

solid éﬂetéifetﬁdwr{d-s%ér@&t aric acid (5.3 g, 14 mmol ). The solution was held
at_60 Cf 2-3 mn to ensure conplete dissolution of the solids, then the

heat sour ceT%‘éser‘grﬂﬁs"éﬂlsaN?é %Vﬁ@egdﬂ theicane pbau!fopis asigst lsopgPE@CEtals, Was 60 i n.

The r tc‘aU &!P%f@i%%s‘é@ﬁa@&bﬁ’e 8hd gtﬁyl'a%@ta@‘e was d%@orﬁﬂn’&ed@ﬂé‘td hen filtered
to col e solids. The solids were washed with ethanol (2 X 20 nl), air

204 i e@pnmstrgt@drraaptlvﬁmfrthq speandary amipa&ingheb o) drifor2-PemidEdS yiewivre at

50 C, { to give

(R - 3- ghl’"}"?’ fl-‘PP?rfaﬁrh ¥|W%W&j nﬁthﬁ?é?@éc{lﬁhﬁ%h dropyran-4- yl oxy) pyri di ne
di - p-tol uoyRe@Jtsaftheaeexmﬂmmtwe swmnn@zg@m Hat(l%ﬁ g, 72% . NNNMR anal ysi's
indicated a Lk 1 SflA.igt QLed ; O-d6, 400 MHz) 6 8.18 (s, 1
H, 8.15 (s, , . , . . 4 H), 6.43 (d, 1
H. 6.36 (m 1H, 56778, 2 H, 4.69 (m L8% 385 (m 2 H, 3.49 (m
2 H, 3.25 (m 2 HAcetarhdobshzok H), 2.88 (m alH, 2.39 (s, 6 H, 1.98 (m
3 H, 1.60 (m 3 H). Biol ogical Assays Exarrple 17: Radi ol i gand Bi ndi ng at

CNS nAChRs: a4132 NNR SS9 pe 30Preparation of! nembranes fromrat cortex:

Rats (fenale, Spragues)ancamphoiei ghi ng 150-2§0 g, were maintained on a 12
h Ilght/darkwwés—w—uw and food supplied
by PM Nutriti 6nSHidrPr&ampharsulfome. Ani mal s Qere anesthetized with 70%

002, and then decapitat@gic Brains were renmg amd placed on an ice-cold
pl atform The cerebral WD 2010/ 065447PCT/ US2 _89/ 066083 cortex was renoved
and placed in 20 vol ur@%“%rml ght : vol une) of i k- col d preparative buffer
(137 mM NaCl ,~ 107 MY &Gdurome 8 MV KH2POA, dWHI—’Ull 20 mM HEPES (free
acid), 5 mMiodoacetani de, 1.6 mM EDTA, pH 7 4)" PMSF, dissolved in
methanol to a final Ewd®shioFation of 100 pMred@d added and the suspension
was honogeni zed b e 5honogena centrifuged at 18,000 x
for 20 mgn at_4 cyé‘w%’é’greré?fu ng Delgl et Eé:“"g@?'é‘- suspenged in 20 vol umeg
of ice-cold wat erl-Hpdosy-26@phihaici ncubat i onbrownigs®) a new pel | et was
col l ected by centrifug)gh' at 18,000 x g for 20 min at 4 C. The final

pell et was re-suspend 0 volunes of buffer and stored at -20 C
Preparati on of nenbrandldic om SH EP1/ human a4@82 clonal cells: Cell pellets
from40 10150 mm cul tu[i/l ql shes were pool ed ﬁfé‘i’s honogeni zed by Pol ytron
(Kinematica GrbH, Switz ralgnd) in 20 mII|I| ers i ce-cold preparative
buf fer. The honpgenat eMalsiccentri fuged at 48,000 g for 20 mn at 4 C. The
resul ting pellet Was(F&Se,gsudseﬁ)ended in 20 nmL of ~jce-cold preparative buffer

ol

and stored at o the day of the assay, the frozen nmenbranes

wer e t hawed and spun(Sa)thxﬁﬁeﬂ]GO oIl
Methanesulfonic oil
4-Methoxybenzoic Oil

Phosphoric Gum

Succinic red oil
L-Tartaric Oil
p-Toluenesulfonic.H20 Ol

10 As demonstrated in Table 1, finding solid salt forms for (R)-3-((E)-2-pyrrolidin-3-ylvinyl)-5-
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15x g for 20 mn. The supernatant was decanted and di scarded. The pell et
was resuspended in Dul becco's phosphate buffered saline (PBS, Life

Technol ogvexp1opidsiaz74 and honogeni zed with the Pol ytron Por/iG2e00660ds.
Protein concentrations were determ ned using a Pierce BCA Protein Assay
Kit, with bovine serumal bum n as the standard (Pierce Chem cal Conpany,
Rockford, IL). 20Menbrane preparations (approxi mately 50 pg for human and
200- 300 pg protein for rat a4[32) were incubated in PBS (50 pL and 100 pL
r es petetiaiudipy2H-pyramé-visxopuitine was cralipsingt Keretrflirmarecxempiesrof &ldoo pm
and 5Sé]tMaB§tfqeﬂlsgﬁ}hé§y§ for 2 3 h on ice. Incubation was term nated by rapid

filtration on a fold tissue harvester T(%(Irandel Gai t her sburg, M)
usi ngExXgmplesid; P mrﬁmﬁéﬁk&(ﬁ 2dpaolidivr3ubyipy t?ﬁra{wd(rwmant% reduce

non- sy]ggwplyﬁdmer}qbngu%g'gt@sue was rinsed 3 tines in PBS, pH 7.4.
Scintillation fluid was added to filters containing the washed tissue and

ald owed t oTedgstiredhpeltiion ofi(Ry-ard)wewyrrelidin3ybviny 8- (teaah)ecir@pmmré
radi Oﬂsiy%yyrrd}hquy@%g 8_2ighim B {HP3- g{bﬁ%nms Ind L9 W bt SEoHelal bamgg Pva%‘%{d@&& ng

(2200CA Packard In ments, 50% efficienc l'ac Tril ux
1450 MRl amd{439.40g, 228 ninenesat) ipdirre RORIORS The M@@W%Stéﬁeﬁrf@géb@“%

di si £ 96 %ﬁfllﬂo} ?@{I) F?ectg éi L?f%)add%tl'maﬂn Qd%éénﬂ%uegaégﬂi dtﬁ% lsglﬂi Wgéad 2-3

replicates. each poil nt re aver age ed agai nst
t he | erpdefl while still haj. Jba@eiutwrawaeallowewo ,conltb @mbiient tdmeperatuce(22r° &) Wwish of t he

Cmoﬁﬂﬁnr#o\&ﬁ%reﬂﬁmg%ﬁlt g%@dth@d% td \%\te érahulgrdécﬂg T efltqgé errena &%(ﬂ/eg%yl east

squar es I near regression wer e al cu
Chengheratnussr@fseeqa@whmmgtlmd anmuomm eesaavmeneemmm%mom = | C50/

ai 1 iy Y 2 RC e e HE FARIRE YRRl colelld b UCABS skl hepfet Uiy

18: Radpropylgzaeutdaﬁnui.)ngndadrn@&d%@hrl@gen for 1NNRnSEbttlyeprejrﬁﬁ@trsvdcbemajven at

cyer oSt arBedd 47 sredpcale gt B A | o= AR PCe oy Bl

N& ri (1132®mrld@412)M$laI is @oadistehtnaith d\mnrai&bayerseoxan@aéﬂmt D3edxhibith a 0ffeCO2, and

t h t ted. B d and. d f
The hEEOEIRIUE HREMBa S B2 o6 CYTa R, el e aPgh EOAR Bl of
[ ce CRMR (D,ep40eMtee o815 &, 1(H)38 1014, Na@l 753Qs 1 AMeE (d, $H3, 6.98 rad, KH%PO4 8

0 ee .aci i odoacet ani nM EDTA, pH
T ) SR, 1 B eaUPlane ARSI 2D BPTdnge) éi?r?c@m%e.wgv b 395 Pias
added(ngrecHY, Betet (e sUH), UEREen sii Kv)n3m9\rrhormgenn ;rad1 by, 02 yh 1 PR), 2ldE(daorOgenat e

VAL R SAeleeE 220 vt e 6 2P0 B ek B fry S GERAME P bbat  on

on i CBMS®, ne(www)laea 2048, 1cm |8€|(8t(§d1 By, 7C$Zl(isr i H;Igsass(m 1694) é&sQQ@ 1><Hp 4f68r 20
15m n at eé‘_li)nal et was re-sus vol unmes buf f er and

Th
soor g, S athr Aeogy 2Eb. 1921 1) B Gauit Hiet T8 lravb), X Enen oed ot

18, 00993 (18, 1 A1y, 261 @an1 rawpdnrahgeﬂﬂaéeﬁtat%ﬁe&ge%?omrﬁwo & 30 d@4§ﬁ$ m\ﬁ( %jgpgﬁﬂpssl ™

Phospjggée B%JL ered Saline, 138
Na2HP B e H b 158 l@‘d’@lZ I nvi trogen/ G bco pH 7.4) to a final

CXBC eBskdnayble B: PilepaitioAof (R B (E)2-(pPrrelidihed- 1)Br(gdth d gelaer m ned by
t he 20rret hod ,of Eowr etmj k(E) (gﬁr ejrﬂné 1’5'3& (265 H?lg ) usi ng bovi ne

ser urISKYRHTIAINg OxAIAte st andar d. The bi ndi ng of [3H M.A was rreasured usi ng a
nodi fi cat i @waeh sblvGorivet (1083 bt g8y izee rﬂfnoﬁ&orrec?@%pﬁuhﬂﬁ)ﬂﬁQ%o%ol @759

(1999 einin orated by .reference vvlth regard to such
[ 3H] N%]!e? '% et Of AR ifﬁated%th%a'tﬁ G 37 3@ Bornmaheas £ col 7 Trbemq s. The
b| ndi pgtis ﬂ’é[réb[lnmgémmed\ersewre@edd Héét@@ tcane%rheﬂuic o Nd@begsh t&-

cubatlon rec uct ed |_|J1 mcro-titre plates and contai ned
outp%e't%@ tB?g% toay \WEIm'XtPF? V&an #lloniedito, coelde PERIapbiamREr BRI 0 | L
The iofbwhies $alids igkd mferwceLEBﬁerarwlashb@w‘th@%ro mmrﬁatsm& ghd bidd MeRrwas 5

nM  The binding re er.m nat tion of the protein
cont a‘f%?FWBQWB“ %8 alf%&iﬁgab%& Eﬂ §£t°fyfeg‘gp%1 (éé §$°(3ﬂﬁfj Basest 4pRIe? ¥-3usi ng a
Br andm{alate stsithiohiastryesdrasctett foapinite bt the starting material) of an off-white powder. A
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30tenperature. Filters were soaked in de-ionized water containing 0.33 %
pol yet hyl enei mine to reduce non-specific binding. Each filter was washed
wi t h PBS W8 m10lo6sddy at anbi ent tenperature. Non-specifi eChiusdeogeenss
determ ned by inclusion of 5011M non-radi oactive MLA in selected wells. 46

WO 2010/ 065447PCT/ US2009/ 066083 The i nhibition of [3H M.A bi ndi ng by
test conmpounds was determ ned by including seven different concentrations
of the test conpound in selected wells. Each concentration was replicated

in triprezasamprrcithiymatrsel Wes EecaializgE SiBMhs MR ASRARANS! [SLLANLWABbLN

t hat (Iﬁhil AL}, fdated apﬁarﬂ@l?nbg@ﬁ cSARGitd bﬁmb[e%l‘ﬂeMp@ré?hr’édih'égesdl | Rlikis pRreconst ant s
(Ki va reported were calcul ated fromthe 0 val ues using

t he neiltg (BPC@%hQ/aéheQaW'th Zmrwﬁ@w mar drgcoynd 9223‘3‘-@'09@\"@35‘83”'(*19@@)3"
Sel ectggeic C?f')r Y ar%ethérpﬂﬁ{h%} véhﬁmled'%m@{ §ir B{Sed)'al’t'b@" agbi 2h & af?d?@ olddAgn

Muscl e nA pe Activation of nuscl g was est abl i shed “on
thé hu(ﬁﬁﬁ"/cre@ﬁ‘éﬁf}') <Pfr?é1 offiegtite RWhiteeatid, dp ﬂ&o d TlQed from an enbryonal

habd : h [ 1
rexgregdgé(ér?ece 1(‘er2§ %%taé%%nH% hgf%ggﬁ%g%&?aﬁas, a'.élﬁg@rrggo%-ﬁ 13{586?@ >

Ther. 266;:N,5/84, ©19239) ) , eI ect rophy5| ol ogical (GCswald et al., Neur osm :
Lett 1 I i ol RO nof kI ( l .,
Neur os B (O30 by AT, PEIeRd 8 THACHER B bR Hh 300,86, By
cel | s hedd 3rtai, ntki B.éd (nn2 ﬂrbm b4 éma2 HY S .4 @dt h HpH:hSE (ractl), &i.2ih(m.d Mpdtli2ne
pr@f oc f e ty urosci. 2: 52 (1991) and Bencherif
et %al MSIA)P%E’?R&CB %x%l(mﬂ'uw %% ?9% (1991)). Cells were cultured in
Dul bect:83 gnbH),f1i. ml(nEagH-I)a s medium (G bco/BRL) with 10% horse serum
(G bcolBRL % fetal. e .one, . Lo mV sodi,um
byt v S 1 rebniaR 3 SR dbbed A S BRI (Han SFRRERS A C)
(Irvi r;doiﬂﬁynamblﬂpetbluo%mtanmté S vvere 80% confluent, they were plated to
12 wel |l pol en | at e conduct ed when t he
colI's. r enonte SR s VST ey BTy DR RRGER S - (nachRy
L uisct lmy\)mudlmssaf@lumm@ &Géﬁhh aol efx s leg) ??gtg%ndhe@eam édec, rméshauijﬁd&@ﬁdrl bed
y Luk na I t he
exper i tf’uoa] %\’\irf?”ﬁé'ﬁlde{s\%a% éWi“PQB/ Té%‘?)%@”f‘?’%ﬁﬁ%@ 5@ CE?%@G{ B¥BiRt h medi a
cont ai gHsoge e&gﬁa@lmsibwﬂmbf BeisdiRds( Hep tiChéatishuie warddedvéPampmi sorkibn Cel | s
were incub at. 37 a
was coo ed to 25-30 °C over 60 min. The resulting suspension was held at 25 -30 °C for 30
min, and then filtered to collect the solids. The solids were washed with ethanol (2 X 20 mL), air
20  dried for 30 min, then dried in a vacuum oven under reduced pressure at 50 °C, until a constant
weight was established, to give (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-
yloxy)pyridine di-p-toluoyl-D-tartrate as an off-white solid (6.7 g, 72%). NNNMR analysis
indicated a 1:1 salt stoichiometry. 'H-NMR (DMSO-dg, 400 MHz) & 8.18 (s, 1 H), 8.15 (s, 1H),
7.86 (d, 4 H), 7.47 (s, 1 H), 7.32 (d, 4 H), 6.43 (d, 1 H), 6.36 (m, 1 H), 5.67 (s, 2 H), 4.69 (m, 1
25 H),3.85(m, 2 H), 3.49 (m, 2 H), 3.25(m, 2 H), 3.10 (m, 1 H), 2.88 (m, 2 H), 2.39 (s, 6 H), 1.98
(m, 3 H), 1.60 (m, 3 H).

Biological Assays
Example 17: Radioligand Binding at CNS nAChRs: a432 NNR Subtype

30 Preparation of membranes from rat cortex: Rats (female, Sprague-Dawley), weighing

150-250 g, were maintained on a 12 h light/dark cycle and were allowed free access to water
and food supplied by PMI Nutrition International, Inc. Animals were anesthetized with 70% CO,

and then decapitated. Brains were removed and placed on an ice-cold platform. The cerebral
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m nimum of 3 h. After the | oading period, excess 86Rb+ was renoved and the
cells were washed twice with | abel -free Dul becco's phosphate buffered

sal i ne (186 2@, 2.67 mM KCl, 1.47 nM KH2PO4, 8.1 npCHRaRReQ66083 9 mVi
Cadl 2, 0.5 mM MyC12, Invitrogen/ G bco, pH 7.4), taking care not to disturb
the cells. Next, cells were exposed to either 100 pM of test 30conpound,
100 pM of L-nicotine (Acros Organics) or buffer alone for 4 mn. Follow ng
t he exposure period, the supernatant containing the rel eased 86Rb+ was

r enovEYRWAS egipYed Apd Alaped E‘c%orﬁth”l‘%ﬁ Wsighvelee) eirercoldiPagranalivel Arffer was

added(@rtnmNfASRE7 rMikeasts MM KHWRS, BRI W=0dPOY, do AM HEBES Iffréd dad)l on
count :‘WZBPPV\D 2010/ 065447PCT/ US2009/ 066083 W t hi n each assay, each point

had 2 aegtaraidehp M G TS Rllet Ay sdMSHtissglysd in msthapoldgRdinab| ease was
COWpaé&%ehf?athfhtd? 180 ROF 'V\Ia's\é‘adé@ Bhd e sﬁJ},Q@nisM Wad“h&ﬁédé?f?z)ed%qbcﬁ{tﬂﬁg athve

control (buffer alone) to determ ne percent release rélative to that of
L-Si cb@mpaenate was cenpfged phtHRA % g éor 2@6@@ 3t dspansidhe (rsyitiag pelletevas reonpound

wer e gedhddRdo vUﬂﬁné@éﬂ"uéE%olé‘%te\fafAhQr%d fin |h£l?ﬂa‘ﬁbﬁ'Hﬁ||ceCQrﬁBWB¥ﬂ§t Wagrax) was

determned as a Eercenta maxi mal activation induced by L-nicotine.

The certiseleddPycentciéyaation RoTP. Q%MBtf@rr?@ miA & 41°F- nfdeifimal Pellet vetd-HsPEEEBD) of
Speci ﬁd)@olhﬁ’i@s H‘ﬁfé“’%ﬁd@{"?‘ﬁd gebgeni ned. . Exanple 20: Interaction at the
R Su

Human Gangl i oni ¢ nAl type The cell line SHSY5Y is a continuous |ine

derived byPeeparationiohmembsanesdionySHfER Heumamead@helanal eells: ¢¢Ih@llefsr(tqm 4N,
Wm g:‘{% w&w&au@wagha@ m%ado'a%@ Sﬁd)ﬂarﬁoéléh%e By$d L}E#b‘ﬁr R|neﬂﬁa‘t\55’

I s express a ganglion-Ii1ke nAChR as et Ce//
Neur o§w1tzerland)1m(29gglﬂlj ters ﬁu%ﬁolﬂ;m@a@mvg Suffey. Bomagenaie wesl centrifuged at

I - i f
D AEDORY 2 A PRI Bt o B i 2B Mo EEBEE L, Mol
Exp. Mieparatipsbuffeysppd stded p)-2008! | s wer e cuI tured in DuI becco' s nodified

agl o' s Tedbu BREGhPRAe WL HRYA00 BRoRSLID(SheRl AR s 2 2ho

ruvate an ne,
atld 50 g@e@AUmint sTheesupeinatanhwas det{;ﬂrmew:mmdls¢arded1eTr&:peﬁlat wés c@sus;wmiad ael |I's

ver e, BAFhegy L Rk Rl A o R el e PR B R Bl
conf | trerRojytrop(di & s¢donis. Bodeiy Icomnﬂntrataonsewptdeterm mﬁﬂh@)wgfwﬂetaecBCMﬁsotas S ay ed
L1 AR AT R s 65 P B TRLROR ERRE CheGRCHHERR, Ronlbon s
gentli)renmoved fromthe well and growth nedia containing 86Rubidium
R R A SN s T L
and t 6432 eldrs inocaibated in PBS (50 ul and 100 ulL respectively) in the presence of competitor
compound (0.01 nM to 100 uM) and 5 nM [*H]nicotine for 2-3 h onice. Incubation was
terminated by rapid filtration on a multi-manifold tissue harvester (Brandel, Gaithersburg, MD)
using GF/B filters presoaked in 0.33% polyethyleneimine (w/v) to reduce non-specific binding.
25  Tissue was rinsed 3 times in PBS, pH 7.4. Scintillation fluid was added to filters containing the
washed tissue and allowed to equilibrate. Filters were then counted to determine radioactivity
bound to the membranes by liquid scintillation counting (2200CA Tri-Carb LSC, Packard
Instruments, 50% efficiency or Wallac Trilux 1450 MicroBeta, 40% efficiency, Perkin Elmer).
Data were expressed as disintegrations per minute (DPMs). Within each assay, each
30  point had 2-3 replicates. The replicates for each point were averaged and plotted against the
log of the drug concentration. 1Cso, which is the concentration of the compound that produces
50% inhibition of binding, was determined by least squares non-linear regression. Ki values
were calculated using the Cheng-Prussof equation (1973):
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well micro-titre plates and contained about 200 ug of protein per well in a final incubation
volume of 300 uL. The incubation buffer was PBS and the final concentration of [°HJMLA was 5
nM. The binding reaction was terminated by filtration of the protein containing bound ligand
onto glass fiber filters (GF/B, Brandel) using a Brandel Tissue Harvester at ambient

30 temperature. Filters were soaked in de-ionized water containing 0.33 % polyethyleneimine 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.
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ampunt r]ﬁ?nzlr%&m of 3 h. After the loading period, excess *Rb* was removed and the cells were

washed twice with label-free Dulbecco’s phosphate buffered saline (138 mM NaCl, 2.67 mM

KCI, 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 uM of test

30 compound, 100 uM of L-nicotine (Acros Organics) or buffer alone for 4 min. Following the
exposure period, the supernatant containing the released **Rb* was removed and transferred to
scintillation vials. Scintillation fluid was added and released radioactivity was measured by

liquid scintillation counting.
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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 L-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
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 determined..

Example 20: Interaction at the Human Ganglionic nAChR Subtype

The cell line SH-SYSY 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-SYS5Y cells express a ganglion-like nAChR (Lukas et al., Mol. Cell.
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,
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
piates (Costar). Experiments were conducted when the cells reached 100% confluency.

Nicotinic acetylcholine receptor (nAChR) function was assayed using *Rb* efflux
according to a method described by Lukas et al., Anal. Biochem. 175: 212 (1988). On the day
of the experiment, growth media was gently removed from the well and growth media containing
*Rubidium chloride (10° uCi/mL) was added to each well. Cells were incubated at 37 °C for a
minimum of 3 h. After the loading period, excess **Rb* was removed and the cells were
washed twice with label-free Dulbecco’s phosphate buffered saline (138 mM NaCl, 2.67 mM
KCI, 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 uM of test
compound, 100 uM of nicotine, or buffer alone for 4 min. Following the exposure period, the
supernatant containing the released **Rb* was removed and transferred to scintillation vials.
Scintillation fluid was added and released radioactivity was measured by liquid scintillation
counting

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

®Rb* release was compared to both a positive control (100 uM nicotine) and a negative control
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(buffer alone) to determine the percent release relative to that of L-nicotine.

When appropriate, dose-response curves of test compound were determined. The
maximal activation for individual compounds (Emax) was determined as a percentage of the
maximal activation induced by L-nicotine. The compound concentration resulting in half

5 maximal activation (ECso) 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 al.,
Pharm. Biochem. Behav. 74, 213-220 (2002)). On the first day (exploratory trial), rats were
allowed to explore an open arena (44.5 x 44.5 x 30.5 cm) for 6 min. On the second day

10  (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 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

15  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).

Example 22: Radial Arm Maze
Working memory was assessed in a radial arm maze (RAM) task. The RAM task was

20  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. 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 x45.7 cm L

25 x16.8 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 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

30 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
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
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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 number of entries and time required
to enter 7 available arms and consume food reinforcer were recorded. In the recall trial, all 8

10  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

15  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

20 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-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine
hemigalactarate (2 and 20 uM) were tested in duplicate. Fluorescence intensity at selected
wavelengths was used as a measure of enzyme activity. Decreased fluorescence in the

25  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) wilere 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.

30 Table 2: Experiment conditions for fluorescence CYP inhibition assays

CYP1A2 CYP2C9 CYP2C19 CYP2D6 CYP3A4

Enzyme
amount 1 2 2 3 1
{pmoliwell)
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Summary of Biological Data
In vitro pharmacology

A summary of the in vitro primary pharmacology data for (R)-3-((E)-2-(pyrrolidin-3-

yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof is presented in Table 3 and
10  discussed in detail below.

Primary pharmacology and selectivity: The capacity of (R)-3-((E)-2-(pyrrolidin-3-
ylyvinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof to bind to a4p2 receptors was
determined with receptor binding inhibition assays using human recombinant a432 receptors
expressed in SH-EP1 cellular membranes and rat native o432 receptors in rat cortical

15  membranes.

(R)-3-((E)-2-(Pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof
inhibited the binding of [*H]-nicotine to human recombinant a4B2 nicotinic receptors with a K; of
2 nM and [*H]epibatidine to rat native a4p2 receptors with a K; of 4 nM.

(R)-3-((E)-2-(Pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof

20 inhibited the binding of [*H]methyllycaconitine (MLA) to rat native o7 receptors in rat
hippocampal membranes with a K; of >10000 nM. (R)-3-((E)-2-(Pyrrolidin-3-yl)vinyl)-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
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In vitro secondary pharmacology: Multiple receptor screening assay

20 (R)-3-((E)-2-(Pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof
was tested for selectivity against a panel of 65 receptors. At a single concentration of 10 uM,
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30 (R)-3-((E)-2-(Pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof
was evaluated for its duration of effect in the NOR task in normal rats. The resuits of these
studies are presented in Figure 2. The recognition index of the vehicle-treated group at 0.5 h

following dosing on the recall trial was 52 + 0.8% demonstrating the inability of this group to
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descriptions’are
effective doses typically represent the amount administered as a single dose, or as one or more

doses administered over a 24 h period.

15  Radial Arm Maze (RAM) Studies

In a second cognitive assay, (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-

yloxy)pyridine or a salt thereof attenuated cognitive deficits, induced by scopolamine, in an
animal model of working memory. Results of these experiments are illustrated in Figure 3.
During the acquisition trial, rats were allowed access to 7 of the eight arms whereas, in the test

20 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. Scopolamine (0.3+0.1
mg/kg; s.c.) was administered 0.5h prior to the acquisition trial, and (R)-3-((E)-2-(pyrrolidin-3-
yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof (0.03 mg/kg or 0.1 ymol/kg; p.o.)
was administered 0.5 h prior to the test trial. (R)-3-((E)-2-(Pyrrolidin-3-yl)vinyl)-5-

25  (tetrahydropyran-4-yloxy)pyridine or a salt thereof was able to reverse scopolamine-induced
cognitive deficits (*P < 0.05).
Human Cytochrome P450 (CYP) inhibition, induction, transport, and drug-drug
interaction potential

A CYP450 inhibition assay using fluorescent substrates and recombinant enzymes

30 showed no evidence of inhibition by (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-
yloxy)pyridine or a salt thereof of the 5 major CYPs (IC5, >20 uM, Table 4). In addition, no
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-yl)vinyl)-
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3A4 > 20
2C9 > 20
2C19 > 20
2D6 > 20
5 (R)-3-((E)-2-(Pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof

exhibits low hepatic turnover rate in human liver microsomes or hepatocytes. Preliminary
phenotyping data suggested that both CYP2D6 and FMOS3 contributed to the metabolism of (R)-
3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-(tetrahydropyran-4-yloxy)pyridine or a salt thereof. In addition,
renal clearance was expected to be the major elimination route, contributing more than 50% of

10  the total clearance in human. Therefore any variation of (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
(tetrahydropyran-4-yloxy)pyridine or a salt thereof metabolism in human due to CYP
polymorphism is expected to be less than 2 fold due to the significant renal clearance and low
hepatic clearance.

Test compounds for the experiments described herein were employed in free or salt

15 form, and, if not otherwise stated, the test compound is (R)-3-((E)-2-(pyrrolidin-3-yl)vinyl)-5-
(tetrahydropyran-4-yloxy)pyridine hemigalactarate.

The specific pharmacological responses observed may vary according to and depending
on the particular active compound selected or whether there are present pharmaceutical
carriers, as well as the type of pharmaceutical composition and mode of administration

20 employed, and such expected variations or differences in the results are contemplated in
accordance with practice of the present invention.

Although specific embodiments of the present invention are herein illustrated and described
in detail, the invention is not limited thereto. The above detailed descriptions are provided as
exemplary of the present invention and should not be construed as constituting any limitation.

25  Modifications will be obvious to those skilled in the art, and all modifications that do not depart from
the spirit of the invention are intended to be included with the scope of the appended claims.
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Claims

What is claimed is:

. A compound diethyl (R)-2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yl)malonate.
. A compound (R)-2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yl)malonic acid.
. A compound tert-butyl (R)-3-(2-hydroxyethyl)pyrrolidine-1-carboxylate.
4.
5.

A compound tert-butyl (R)-3-(2-iodoethyl)pyrrolidine-1-carboxylate.
A method of making fert-butyl (R)-3-vinylpyrrolidine-1-carboxylate 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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