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able to t abl expressed in nmost -1 WD 2004/ 052894
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Cell surface receptors are, in general, excellent and validated drug targets.
nAChRs comprise a large family of ligand-gated ion channels that control neuronal
activity and brain function. These receptors have a pentameric structure. In
mammals, this gene family is composed of nine alpha and four beta subunits that co-
assemble to form multiple subtypes of receptors that have a distinctive pharmacology.
Acetylcholine is the endogenous regulator of all of the subtypes, while nicotine non-
selectively activates all nAChRs.

The 07 nAChR is one receptor system that has proved to be a difficult target

for testing. Native o7 nAChR is not routinely able to be stably expressed in most
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PCT/ 1 B2003/ 005607 manmmal i an cell |ines (Cooper and
MIlar, J. Neurochem, 1997, 68(5):2140-51). Another

WO eatts94 hat nekes functional assays of 0 nAGAERI/IB2003/005607

challenging is that the receptor is rapidly &300
miznhrnslémoredSines (Gropenandddillarih denrgshern ARLh i6§ 124#0-51).
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Cfi’ azabi cyclo[2.2.2]oct-3-yl]faro[ 2, 3-c] pyridine-5-c
arboxam de. Fornmula | can be a pure enantioner, for
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enantionmeric purity. The present invention
i ncludes fumarate salts of varying r#jos of fumarate
salt equivalents. For exanpl & but [n by limtation,
one aspect of the present i nti i ncl udes one
equi val ent of funarq/ Hnono-funmarate salt.
Anot her aspect of - / 052894 PCT/ 1 B2003/ 005607

Formula I
or pharmaceutical composition, racemic mixture, or pure enantiomer thereof, provided
that the salt is the fumarate salt thereof. The compound of Formula I is also known as
N-[1-azabicyclo[2.2.2]oct—3-yl]furo[2,3-c]pyridine-S—carboxamide. Formula T can be
a pure enantiomer, for example, but not limitation, N-[(3R)-1 -azabicyclo[2.2.2]oct-3-
yl]furo[2,3-c]pyridine—5-carboxamide of varying degrees of enantiomeric purity. The
present invention includes fumarate salts of varying ratios of fumarate salt
equivalents. For example, but not by limitation, one aspect of the present invention

includes one equivalent of fumarate salt, the mono-fumarate salt. Another aspect of
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the present invention includes one-half equival ent of
fumarate salt,. the hem -fumarate salt. One

weowuesdsent of fumarate salt is preferred. TheP@I/EBREB005607

invention includes the fumurate salts of Fornula I.
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Somesehd s ar BsBio S A ap ST ER P hes e o about
AP ASatRt ihe fumaric acid solution to give a final
concentration of about 0.1Mto about 0.5M _sti ”i(ﬂgiélgthe

the r &emahod ofmaliagthemene-Hmagig salt alseHickyles diss
t ive fi | centrati . ;
Rt e RO R IR A At b
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The met hod of making the nono-fumarate salt, al

. 0. .
iofiebaid 63 th ahout Mnand #iling sestong 4Q thej fympde ﬁ?léﬁgﬁ‘&rm fQeivea

j ve a concent r.at i f : ' i 3
S rgarha cEro R0 G (SR g3yt lbtlertn KrMbbeY 1 o
thuRt ad@@Shcelortlo @fve AR béncagtrationdifabontvies Mito about 0.2M,
met hanol to give a concentration of ,abogt 3Mto abou{{) )
aftringrebontiti2Ad, Guleaides wwbwesbinglbe selihite figeh geelecy fibirying
to give a final concentration of about 0.25Mto about

18R stirring the reaction for ‘about 2 hours, adding
acet ong,ctRetHhy 6f dakihf #le mEMN A LMratRtshio also finchinies tdisSoliivg the
stirring about 12-20 hours (or_any range_ therejn,
efreg. baselib isdppokBohiowgiv a censentsation iy ahpaw it @b - 75M (or

Sopanss Seasinre ) Aot SN enadhg lHoRehi et d! dy of futhRic acid

dissolved in methanol to give a concentration of about 3M to about 4M, and adding

acetone to the fumaric acid solution to give a final concentration of about 0.25M to
about 0.35M, stirring the reaction for about 2 hours, adding acetone to give a final
conéentration of about 0.1M, stirring about 12-20 hours (or any range therein, e.g., 14

to 16 hours), collecting and washing the solid with fresh acetone, and drying the salt.
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The met hod al so i ncludes dissolving the free base in
n- butanol to give a solution of about 0.6Mto about

w@:2®Mos52884li ng the sol ution containing the freePtHE2003005607
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ablatibn BorBAningGh B6e b 45 28 S uPCHSMBROGRID O%Mscrlmlrmv(lm@udmg a
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PgM ggl@gpn)zoftaélagstdla%fumanc acid in 30 % water/acetone; concengratlng the
reaction to about 0.55M to about 0.75M (including using vacuum distillation); adding

more alcohol to give a concentration of the free base from about 0.4M to about 0.6M;
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crystal including a hem -fumarate salt, of
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nflveprgsﬁ:a TvERtigh alsc gah CI I(ﬂgthBH?cnf t?éaluﬁ%“d} sing the

cogni t synptons o

ﬁ‘*\:ﬁ!ﬂ?&t&?&hs Sf BrefASElo mq;at@ﬂﬁgememahu tonreat sdmeaseen‘ oppdition in
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general and associated with brain tumors, AIDS dementia complex, dementia

associated with Down’s syndrome, dementia associated with Lewy Bodies,
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corrp sition. ternatively, two separate conpositions,
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oruge e o e Bxghentmdeios and P i asvsBnds s eRbarpgrated
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crystallization solution; the rate of cooling, if

adiye oftdréinsni skihin thapor Rzeit faciorsriatlade,ifbr @myr;tplsémdnw@y way of

supersaturatlon ratio; pres . o .
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PLAY bR e Hebhitial HPrina® tenRefHtRE ¥f ﬁl‘é'cﬂrsteﬂﬁzeftféﬁ s8hution; the rate
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crystallization conditjons.. Ueful soly

CASraPro et BiroeuRd B Bhertado B dnfrebOhidd fergin, one
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enbodi nents of the jnv 0 becone a r ent

U e SRTAEhrroRn S todey GHERiFE B %57 D anned o any one of

fall d r akem QBEHRCEth@Ndimethyl
ol O o oL, b L Bt ity

IISetsnfsmtdﬂ bl e of enbodinents .in various forrrs
descri bed hereafter are _speci ffjﬁc enbodi ment

i nvent F@theRpsrscisiad sRGersteaAtiee ’tnﬁ’ﬁ?tl‘frh@%?’% CHt ap%arent to
A&l dem ’dﬁe i %I%H'hd@l%vé%\l fthd! ﬁﬂfo%h% Setaﬂ@d"&iesbﬁptﬁﬁlt taken in

|nten e Invention to the speC|
cﬁBﬂ b&&thdﬁs exdnipeles arfdeheclaims. 6WWe ﬂ@@ﬁ;ﬁ&ﬁk&gé susceptible of
PCT | B2003/ 005607 = DETAI LED DESCRI PTION OF T %
| egolsadinends in various forms, described hereafter are specific embodiments of the
invention with the understanding that the present disclosure is intended as illustrative,
and is not intended to limit the invention to the specific embodiments described

herein.
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Surprisingly, we have found that the fumarate salts of
the Fornmula I: Formula | 5 or pharmaceuti cal

W@ 09posisp4 on, racem c m xture, or pure enanti OPET/1B2003/005607

thereof, provided that the salt is the fumarate salt
tDETAEEDMES CRIPITI@NI Ol EHEaIR\EJEIéTKIN vely

non- hygr oscopj c and have bett h sic

pr operg I@E‘SIPE%( Wﬁpﬁvé:rfogﬁcﬁ@ ﬁgnﬁrp@géﬁi O]liethegﬂ#

al so includes the processes to nake tr{pe fumar.at e sal ts
and the fumarate salts of Forgul a;{i}ﬁr maceut i cal
conposi tions containing them 10 a thods to treat
the identified diseas n EIE'\ u ate salts of
Formula |I. The conp of j| For a | have an
optically active cen Nhe qui nuclidine ring.

Al though it is desirable that the stereochem cal
purity be as high as possifghguladbsol ute purity is not
required. This invention involves racem c m xtures
aﬁq:hamma‘uutaﬂ ompcnsﬁtmmrqccrmg: me@mree@ e enantiowhetiersal, provided
purities, go carr

out

dhatrthe salf léélfl ?]faﬁ’b AEE Wst%/lgng, GE wiati vy on-hygroscopic,
PHihkf daG@t | on steps so

a%%‘gh‘%?%%%%“%ﬁﬁs@fmﬁ%@%ﬁh?. oner {cal Iy pure

mat er i 'HheSpreseSmnNa’aioa asks:oanduéﬁl thcprwesssgfhwtmdtel the fumarate salts

procedures for duc nanti omer.i cal

rﬂﬁlfiéh“‘r Kisaie G FoRRUA R oo Care congod B sPotaiing tem.
RHESIMD %atrtﬁégf%géﬁ &Eéé@@ssusﬂg'}hé’ fenAR: sanes i F‘cﬁ'lﬂul/a L
ure ractions revi ations which are well known
t 0 Onérl&fcoﬁfpdumﬂ%qu P@kmhla I|hav¢ hleoptrdallyras]tnbe:entg:s ed the
(e Me" for for ethé/ ‘i‘ai % hich
mmwai@e THEn Afl%’lpu%h mﬁ %esaﬁble that thegderedghgmigay purily begghigh as
r t e
5D BB RRPELAY Wi redlisea| FIRGEEoHOR Snl Re e RO RSrcs
Jaﬁd%m@egﬁemsof@bsmg,léegreez bf Rrepchemicabpaeiventti 1apre§ereddsto carry
known as m | d cognltlveln'p AChR r.e

e D TeONITAIHE TSRt SR T ACHRE T g iRgef e Biofi i rpproprist

3)%?1&3%411&&04’[%&%0 rag tERbhce suﬁé'ﬁ%ﬁl ?f%ﬁ%‘tﬁ)tﬁ&l&iﬁ? pure materials.
erotoni n-type receptor. X refers

Sultabig ateeeto@xllemve-sﬁMﬁlQﬁl@dé@ﬁ@S@ﬁfpmﬁthE@mm@fm@Wy pure

FLIPR refers to a device markete

RIS e AL ey 1 Akt 6o S BOTT S (WG Begaepp Byixtures
i J§§%5§§tg)%{%ail§‘gﬁre'?fagﬁoﬁ§1 roughput whol e-cel | assay.

hroeder et Bi onol ecul ar Screening, 1(2), p
75- 80, ABROGtiorE uBictedre velltimothita ohayEerditarpstatl oy tapkymay be

used (e.g., “Me” for methyl, “Et” for ethyl, “h” for hour or hours, min for minute or

minutes, and “rt” or “RT” for room temperature).
All temperatures are in degrees Centigrade.
Room temperature is within the range of 15-25 degrees Celsius.
Pre-senile dementia is also known as mild cognitive impairment.
ACHR refers to acetylcholine receptor.
nAChR refers to nicotinic acetylcholine receptor.
5HT;R refers to the serotonin-type 3 receptor.

o-btx refers to o-bungarotoxin.
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5 HPLC refers to high pressure |iquid chromatography.

MeOH

refers to methanol. EtOH refers to ethanol. |PA

WO edoes28vH | sopropyl al cohol. THE refers to PCT/IB2003/005607

h f . 10 .DVMBO. r ef [ hyl sul f 9xi
o s e e
Eﬁ'({%dﬁf{h@ﬁﬁkecelﬂ L&E&eRcd @ at}gél\{ ansignphisivhaiaeell askep

efer 15 Di

o triethylam ne. refers to

dSdisontepy et hBiamilamlar Skdkningf 8023, 1t 85-80, 1996).

met hy
HATU

N -te
refer
sat ur
maki n
addi n
sodi u
25 My
K2C03
anhyd
refer
aci d

30 me

| lycaconitine., Ether refers to diethyl ether.

i Cereders ¢ by layer BEFAPRY ol -1 -yl )-N, N, N,

t t ' .af e. 20 DBU
R Y g e
aliedHkeftrNa GlotMNALICO3 neans a sol ution made by
g a solution of 1.1 saturated NaCl/NaHCO3 and

el wstpumto sifsinghe of water. Na2SO4 refers to

ulfate. K2 r.efers to potassi um carbonate.
g@‘rF%fSet%SQ%Op%éﬁ%%qlum sul fate. When Na2SO4,
THPF rYStSHetrhydssiiraas a drying agent, it is

rous. NaHCOB refers to sodi um bi carbonate. KHCC3
PMEOpefeastoidimetbylsulftiodat e. ( 2E) - but - 2- enedi oi ¢

[ sed inter eabl.y with fumarate salt. Both
MH © éﬁél%@ﬁpﬁ?&w& " denotes a human bei ng,

and otfen creRreb stghstetné.mal s, such as  food aninals

(e.q.

, Cows, pigs, sheep, goats, deer, poultry, etc.),

conpariMA refaistatetramethylpilangdogs, cats, horses, birds,

and f
PCT/ |
sodi u
equi v

[ , Or other manmmals. -8 WO 2004/ 052894
é%%?/f%é%ﬁ*?ﬁgh%&r efers to an aqueous saturated

BB QFd IR ERbpbpABhylaEGse. TEANS 1MDI ar

alents. IRrefers to infrared spectroscopy.
MLA refers to methyllycaconitine.
Ether refers to diethyl ether.

HATU refers to O-(7-azabenzotriazol-1-yl)-N,N,N', N'-tetramethyluronium

hexaﬂuorophosphate.

DBU refers to 1,8-diazabicyclo[5.4.0]Jundec-7-ene.
50% saturated 1:1 NaCl/NaHCO3 means a solution made by making a solution

of 1:1 saturated NaCl/NaHCOj; and adding an equal volume of water.

Na,SO, refers to sodium sulfate.

K,CO;s refers to potassium carbonate.

MgSQO, refers to magnesium sulfate.

When Na,SO4, K,COs, or MgSOy is used as a drying agent, it is anhydrous.
NaHCO; refers to sodium bicarbonate.

KHCO; refers to potassium bicarbonate.

(2E)-but-2-enedioic acid is used interchangeably with fumarate salt. Both

mean the same salt.

Mammal denotes a human being, and other mammals and animals, such as

food animals (e.g., cows, pigs, sheep, goats, deer, poultry, etc.), companion animals

(e.g., dogs, cats, horses, birds, and fish), or other mammals.

-8-
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PSI means pound per square inch. 5 NVRrefers to
nucl ear (proton) magnetic resonance spectroscopy,

w@b@aiosmbs shifts are reported in ppm (S) downPCEIBR003/005607

fromTMS. MS refers to mass spectronetry expressed as
n e orBrisssfahtorageaquents sa sqdmphlorlée salefon.
resol uti on nmass lslpectr rrEtry expressed as nie or
mass/ chel FeaRse eqﬁW&P ‘refers to an ion conposed of

the PafentblitirAedtaabiedhht H - refers to an fon to

conposed of the parent mnuS a proton. [MtNa] + refers
t o an pPSmemsposelbeotquianeinchar ent - pl us a sodi um i on.

[MtK] + refers to an i on conposed. of the parent plusg a.
pot asslN R reders togpuchegr &Igtog)omég%agp F%SHII?.I}&S gg(fc?ro%ffvy, csnemlcal

ref r%gﬁgqo%ﬁﬁpﬁgﬁ)%ﬁgﬁgmwwsu refers to

refers to fast atom

borbar gieaters MSnads Ssbchiemeinf exprosspe bsaveisahassivhage noit. HRMS
refers to the ratio of the concentration 15 of the .
rrafees fodiigh resslution ness ectideetBORPETEFhAS TB(§ 0B Mmass{gharge unit.

IRk emiortanch dirpened o oY badh Qlise pifon M efkrs o am fon
[cﬁ)ﬁﬁo%e& Or thb ﬁakﬁtﬁﬁﬁhﬂﬂ?r&én.%]ﬂ@f@eféfs&@ dh i& gomtpadsed of the

e crystallization solution to pronote the formation
qfaratt phtsal odivRy whe (MK reftre to avwpeomposl offthe prae by 2
crystal js the same as the co i L y st al.:

ity 5B TR PRBREAN  Rlcbe pkthon.

3 %&’s%tc%@ﬁl?oaﬁ RAlzati6N OBA BQefeRdb @5t afoiy Bé@bdriizaht. on when
added to a crystallization solution. Useful

preci ph asetisheians "sipersatufasiongrienpeters todhe sstos fhascangentration
the salt and sol.utiops includin ' it
of th%@é@nﬁgpé?)ﬁ{tlgg Itq]@%_clg%cfe%} ﬁl m?cgfe tglg grgal‘?%n%‘lr)] #f‘% %&%ﬁgﬁolutlon at
ttE@cx?éﬂfhifﬁggﬁ%ﬁ)@}aymaas a solubility of 25 at nost

abou %

y weight, nore preferably at npost about 0.1
% by wes gtetd hesend "seeding” pafers éo tisitgchatquess pddips at'sedharysipal to

b ight. As d h [ "anhydr "

b Sl palpianp gromnae TR e Gl b TRAD mE
%E‘é:%@ﬁléﬁ oFiesedd SryREEk Blealing od Shd\@mpaaitlonde the crystals being
Su

antial ampunts of water. The water content can
ferrdet.er m ned by met hods known in the art 30

i ncl udj ng, for . exanple, Karl Fi - -
br of orabipodirehnaapaTens Pyapsh S b e RhboRSnguee
%lli %RV NI AL 108t @YstalTRAtRnRoRtRhA M syfidprevipstants include,
ou

. 5% by weight water, and nost preferably |ess
tibpexaietnod-@ehty foethghalt swt solutions ingiydipg 2xsp@puterions. As

PCT/ | B2003/ 005607 . .As used .herei.n, " i,ne’
A G R T S
Sk Gt W& 1908 JEGRERIAS prefersdlRbl inbittaboof 0. 8cyyséight, and most
formcan be determ ned by many techni ques i ncl uding,
faefeesbiyrat aost pond 610 1% bayewhf.f racti on, noisture

OB gl S 25 1 S5 LR o O
specifically bound. Anhydrous crystals preferably do not include substantial amounts
of water. The water content can be determined by methods known in the art
including, for example, Karl Fischer titrations. Preferably an anhydrous crystal
includes at most about 2% by weight water, more preferably at most about 0.5% by

weight water, and most preferably less than about 0.3% by weight water.



5 As used herein, "nore crystalline" nmeans that a
materi al has a, higher degree of crystallinity than
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wi th higher degrees of crystallinity generally have
hi ghl y Asnded befein, tomyptalbime)enems e culteiral dtaf bt anradergdl,tlong range

A TEEENENCER AR B EN T T4 .

tﬁgﬁgt d r1q‘%%§’ ?ﬁ:ﬁlldlrfggfo:ré% i e RRVARE RSS9 U8t @, URid®e sorption,

e orm ques i ncluding, for
eddfepdrtial sdaanipgrealoafieayt sobnnicalotinetyyoawtbdisdéiutmn properties.
diffraction pattern, |ower npisture sorption for .
si mi | as3isodberpily tneeS5yskling” 8)5aes frbamaespbasadiigher degree of
hum dj f s Y i h R
r S Elinty chRe a8k By 08 i Bitne DhBea, lerfls with higher
t harreqfof cAmtalieity feperiln havd gty ordeséqlldrgherigeraalesulitwtucture
a material has a |ower degree of 15 crystallinity :
t with fewer defeass indhe ewystahstehture thps megsriag Wiy degrees of
Mat erj.al.s with.lLower degrees: tallini .
PG s Bl arest STy B s i g otter
| forfnlty te SR GileR linchidikie thow &ain?ﬁiﬂ siimperbfdctions inthbpghédr X-ray
degrees of crystallinity. The | ower degree of _
cdijGacsionipattenn, oaver bwisiys sepidn fu|sinilarsized nariclestah a specified

fo by techniques includi.ng, .f.or 5 . .
ST B R R A8 L BBl R Botion
diztd bAE L&ABinBAsAs8hdteof, - 20 hi gher noisture sorption for
simlar sized particles at a specified relative

humi di Ay usdd hgmein, "hesacrystellingl repphithal pmaterigbhas agpwer degree of

fusion, .fast di sso] uti.on rate,. and conbi [ .
e e R
" SdoAbds @ chyitalility gdhétallp hakilkdslyngd REES ordeRaEmbRalefedts in the
| edst Sabg{ﬁa a97°1/g$]bg$ vvei}aht, gr ef egr ably at | east about:

98 9stilystmetughthan anegerialswith higher dezeaca F grystallingtys The fyvar degree

AT e
| bR BebdderBhd/ G ANREReHedBOnY irhE pB&deTX Gl QifiRIgon pattern,

Crystalline organi c conpounds consist of a |arge o
rhighemastues wwptianhiar sigyiler sizol partielag el spscidied aelptyvsi humidity,

r.r i n three-dinensjonal.spacg,, T . UC o
B RLR AR AT RAGDA P30SR RS Bl combinacons
PLORErtI es, such as sharp, explicit spectral features
by nost spectroscopic probes (e.g., X-ray diffraction,

i nf r ar dsirefertedstolin thestreseat apriiRytionx” talle'vinf ks duig sHpbility tests

e bl DebRg ey P S Rhe AL B Risyl SB5 Y Welaht, an
debRIPRRaLINS 164y it bdRItyMvaihtoThelsulk Grysietlams YinChahged

explicit diffraction maxinma that arise at specific
aafgr ewragensidet thaindidatdd aonditions fordlee indicated tipar
spacings, as predicted by Bragg's law. On the
contrary, anorphous materials do not possess |ong-

r PO AR S8 47 PREYRAETRIW pekRpbn addi tional vol une

bet ween nol ecules, as in the’liquid 5 state. Anorphous

sol i dsCrystattidel oyganiveimhpanfieeinsise bz barRumbertod pton thit are
ba{r%%géd in a periodic array in three-dimensional space. The structural periodicity
normally manifests distinct physical properties, such as sharp, explicit spectral
features by most spectroscopic probes (e.g., X-ray diffraction, infrared and solid state

NMR). X-ray diffraction (XRD) is acknowledged to be one of the most sensitive

-10-



di ffuse hal os because of the absence of the |ong range
order of repeating crystal lattice. PXRD has

w0 eanssgd y been used to characterize differeneCTIB2o0ZI05607
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fornms of organic conpounds §e. ., _conmpounds useful in
pHagthaéwiodetcaminedhp eraptelliahy pi S@%é-, Costalpyickhexptisibdiffraction

U. S, .Pat 5 504, 21 Hol .0 | . 5,721, 359 )
(iSRS arkpBgls Elded LB RUANWER 1 iR 1 ET15RR Spgeimes, as
B '9lawd © nek: -
{ BHgbas bo Britedlawd Chahs St NabTUTRL nbderilo do nat possess long
6,1288; @8ar. (Thgy kiftes sotain @dditiens volunieSedwiedn melecides, ps ingthelliquid

6, 329,364 (G oleay). Crystall.i mat er i al are .
e Rer eSO e e et RelsRt &RiT et yigh broad,
o . : )
SUER HARLLALER S BB AZREL A Jord1EREDNMBAIT:Elie BSAE

THatsicé.her rodynam c stability is preferably refl ected

in the_Jlower solubility and i nproved physi cal
st abi | il’t%R‘amﬁﬂa% FrEoFqE Pein Wsﬁgt‘? GRHCteTiE d&figam&rystal forms of

p 9 e . o .

DAL o hils (B SO RnAb BT Ao 08 @Bloitions). See,

| fpexatripls U. Bldiut. N ey, §S04L1 6 (olobirestialll §,798369 dbunh et al.),
possess hi gher chem _cal 20 urit¥ t han their _anor phous

b S HOESSATTAEN Tk &t Hack06E 64 HHaneTas ey abaf 125474 BYptgumoto ct al),
g Ll [ t I ' Ay
PREESRAATORBEAY Oosh I (TG B0, K28 8Rey (HELASE 6316672

t ligdowicH et 4l6), pid6,82B64 (Grofear). chemi cal reactions.

Hence, crystalline solids, with very few notable :
except (Grsalling materalsissaprelerisd ﬁlén@pésﬁmaﬁﬁﬁwah%ppbﬁﬁw&

S . i r

¢ RO SRS sBARRCHIRY LR SATRDS 8 B B ELFLAGHous forms
obRkHe bamz alihstanct ol Ris Zhetnodimadriy kability{sshrSfetabpyrefl bt mShe
-carboxam de disclosed in the present appl.ication

pésaselubitisy apd immraveskrhypigalatnbality 85 v syLHERs Eam. The regular
2?%!31(?1{% &I}ﬁé hufcogércun%g grgﬁl%hcﬁf‘ag eessg)haiﬁigé%gtgﬁfyedeﬂies Tﬂkeincomoration of

Nelidmiazldtipanitiéso [[2ende 21yetatlind-materials generally possess higher chemical
yl.]furo[ 2, 3-c] pyridi ne-5-carboxam de di sclosed_jin the
PPy thandhgir PRSIRhOHS pRutcEPatst L hepacliag & thestystdline solid

pg Elily Soh@Yaifl %‘E RSP é@ GRfdeffed ARG %%Ei%hf&ﬂdcre%uces the

d raction peaks as used herein are peaks sel ecte

f moemBctilae mobiity that 8rniepreajito ffort dhemadad egavtons. Hence, crystalline
diffraction pattern, Preferably, the characteristic

pedids, witls very|faw metabler apriionstard ohegpicalhempisitable thapgmorphous

SR E PP ERONAL0300T, L 600 RPEK SR s o

afin1as saltspofed-¢T-afdbycytIopIR a3 - v | futo[ 2,3ef|p fridinev®Sbrboxamide
i ntense peaks in the diffraction pattern. PXRD was .
péis¢letodad thespraggnharpdicatiaigpogiess pnxor meieiche advantageous chemical

D ffr I 2110 . 0per.at i under Scintag DMS/ NTTM
ar éﬂ?\ﬂ%gl&%lg%lfp?gﬁﬁ%o%&%ﬁbﬂggb software. The 5 system
used aTkOEPaAllNe fEhsoTHiBEraftRialt 3f Ned-2hbrbelk)d. Bl

mA to provide Cu
yl]furo[2,3-c]pyridine-5-carboxamide disclosed in the present application preferably

have distinct powder X-ray diffraction profiles. Characteristic diffraction peaks as
used herein are peaks selected from the most intense peaks of the observed diffraction

pattern. Preferably, the characteristic peaks are selected from about 20 of the most

-11 -
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KL3 (Kai) em ssion of 1.5406 A and a solid-state
peltier cooled detector. Beam aperture was controll ed

waigiongssabe di vergence and anti-scatter slits pET/BB2a084005607

3T s, SRR PR Lo B A ORa oi

$h&BrabBATLR hb&it Ao BT tHRONBSt inkiise paalarie ﬂhmdhffra:aom pakteper
poi nt counting time 10 over a range_of 2t

t wo- t PRD v@s iperfergnefowing, 2 Seopad SAdK Ag %@Wﬁ?@ﬁ%@t@@l System

lLe Cu
oo Pprise i st R A SRRV B 0 pottygps, The
&R séda M\@ﬁg%r stial k@Rek hBindGtamIg atvearsim hAsa FRdvede Cu

si zes. Sanpl were run as received or after hand
®IiN@inyemkabhes 15486 d @dshmolidiste pecjmeaoo}edrda;ector Beam
diffraction patterns for_Crystal

aperiiie eB AONtralled UBAitueL iR RTeS 8% ?ritrgqaggb%f o{2frd Ppym and

MO g g . eyl

ﬁﬁﬁgﬁ's delieof 0.0 pen goiit withe dMegfalflset@idger pelakSou‘nnﬁgrhme
t he pattern between 2 and 35 degrees two theta

ooer 4 ﬂaﬁgmmﬁﬂ)t-of Ihtewadteets aPeintag Rioled, T apdrradingsstailess steel

sl S AR B Sl O e
Eﬁ%s{ﬁé?a‘g Hifh S8 hm éﬁk}ﬁ?f We?eeutﬁii%ﬁ to &8 Eindd dafeinlll sample

Formlb are all easily distinguished by

- biaed. rSamﬁplmeIEXEiDamtmwdw@r a@moharsmﬂm)ng Preferably an

ﬁl_n F{ g ; ;ng;s (1: ra%/l Low nl'(x:f-:l 1:5"0%({(]39 Xarag%nf?fac lij&a pae%{emssfar &ry%{al Forms
IB%‘I“LL}%[ r?xoxéq 21 %Em?’ ﬁ}fﬁalrﬁt‘é rsQl[tsz re%p@c]tﬁz)éf}}, df Re(3R)CRr box

ystal Formla) has characteristic
dzefbfidyalzi[fz m]qmak)d]fato AB@@pyrm&e%cahdxamdgﬂablg lecggtains the

two-theta, nore ferab 18. 2

s e eyl Bompe PraTodBotbebBel S and 3 Bises

IJ}W(E Hetéefo oefdmcatréte s&lt FT4ACH EOMaiRe S istidg loff Ble@fost htense
ystal Formla: WO 2004/052894 TabI el

p&ikis IﬁBﬁOﬂﬁ/PO(IEIB @Ztt@n\bdmeeXQRagl 3®|db§1rea$: twotherdak thtbme

FTERe el FHECa PO, SO00! K A B FAGOTh Togrl caily

distinguished by their unique PXRD patterns (not shown)

Preferably an anhydrous cfystal including a mono-fumarate salt of N-[(3R)-1-
azabicyclo[2.2.2]oct-3-yl}furo[2,3-c]pyridine-5-carboxamide (e.g., Crystal Form Ia)
has characteristic diffraction peaks at about 18.90 and 24.97 degrees two-theta, more
preferably at about 18.21, 18.90, 21.74 and 24.97 degfees two-theta, and most
preferably has the characteristic diffraction peaks as listed in Table 1 for Crystal Form'

Ia:

-12 -



WQ2008A2R9L8. 3615 28. 8220 29. 4914 5 Pref erabl y,P((‘Zl’/;JEDGﬂ/005607

10

15

19. 8720 20.8121 21.1516 21.7430 Position Relative
(Degrees Two Intensity Theta) 21.9623 24.3212 24.97100

Forml|b of a hem -fumarate salt of N[ (3R)-1-
azabi cycl o[ 2. 2. 2] oct-3-yl ] furo[ 2, 3-c] pyri di ne-5-car box

am de has characteristic 1
.19. 84 and 24.83 degrees t

\CzédaltbLf{ act

about
two-theta, and nost prefe
dilf f r aeksition peaks Relatiivest ed |n Ta
Far nDERreed@fbe | 2 Rawdsity X- Ray Di f
far Crygig) Formlb Positign Relaf
EUEHTD T U S
14

18.21 39

18.90 76

19.87 20

20.81 21

21.15 16

21.74 30

i on peaks

‘at about
nore preferably at

17. 58w de8 x4Ray @ﬁ‘ﬁ%@tionzl?eaﬁ 4 abl%l’fdr CAsBBFeeglees

as_the characteristic

bl e Bosttion Cr yst aRelative

f r@eteonTROak Tabiltensity

i ve ThE}gr eeg Two

A 58h4 gkb- 2374 73
24.32 12
24.97 100
26.52 27
28.36 15
28.82 20
29.49 14

Preferably, Crystal Form Ib of a hemi-fumarate salt of N-[(3R)-1-

azabicyclo[2.2.2]oct—3-yl]furo[2,3fc]pyridine-S-carboxamide has characteristic

diffraction peaks at about 19.84 and 24.83 degrees two-theta, more preferably at about
17.59, 18.43, 19.84, 22.74, and 24.83 degrees two-theta, and most preferably has the

characteristic diffraction peaks as listed in Table 2 for Crystal Form Ib:

Table 2

Powder X-Ray Diffraction Peak Table for Crystal Form Ib

Position Relative
(Degrees Two Intensity
Theta)

5.00 12
12.59 23
14.58 17
16.23 24
17.59 60
18.43 60
18.96 23
19.50 18
19.84 67
20.31 18

MOISTURE SORPTION DATA

The sorption of water by the solid lattice at a given relative humidity (RH) was

Position Relative
(Degrees Two Intensity
Theta)
20.85 25
22.11 19
22.74 46
24.83 100
25.34 36
27.92 22
29.13 19
29.87 17
30.15 18

measured by DMSG on a controlled atmosphere microbalance. Scans were carried

out at 25°C from 36% to 0% RH then ramped to 90% RH, and back down to 0% RH
with a step size of 3% RH. A sample size of 8 to 14 mg was used. At each step, the
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huni di ty (RI—|§6-O?’iaﬁ-9%|9/y§t1‘éBO'lﬁ3ﬁ Relptive ﬁ&ﬂl‘gwﬁﬂ%i sture
Sorption of Crystal Forns la and Ib '

Crystal Form la Crystal Form Ib
RH (%) %.dMass RH (%) % dMass
31.62 0.08984726 36.54 0.461252998
29.02 0.08984726 33.94 0.43149474
25.92 0.085399376 31.08 0.400861239
23.18 0.077393184 28.16 0.377229681
19.94 0.070276569 25.1 0.34659618
17.1 0.062270378 21.88 0.319463651
13.96 0.055153763 18.8 0.293206365
10.8 0.048926726 15.78 0.267824321.
7.98 0.042699688 12.78 0.245068006
4.74 0.033803919 9.74 0.219685963
1.6 0.022239421 6.36 0.189927705
0.36 0.011564499 3.16 0.162795176
0.1 0.012454076 0.24 0.122534003
0 0.008895768 0 0.116407303
0 0.006227038 2.62 0.147916047
1.3 0.015122806 5.84 0.176799062
4.3 0.025797728 8.98 0.204806834
7.1 0.037362227 12.2 0.229313635
10.1 0.044478841 . 15.34 0.254695678
13.14 0.052485033 18.46 0.280952964
16.18 0.057822494 21.42 0.303709279
19.28 0.062270378 24.66 0.333467537
22.56 0.0729453 27.74 0.360600067
25.72 0.078282761 - 30.82 0.39210881
28.68 0.083620222 33.92 0.424492797
31.96- 0.093405567 36.96 0.458627269
35.18 0.100522182 39.9 0.491011256
38.16 0.107638796 43.18 0.5347734
41.24 0.113865834 46.14 0.576785058
44.36 0.116534565 49.16 0.630174874
47.56 0.123651179 52.12 0.687065661

50.7 0.133436524 55.1 0.750083148
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36-0% 0-90% and 90-0% Rel ative Hum dity (RH) Crystal
FormlaCrystal FormIlb RH (%9 % dMassRH (9% % dMass

wW3200828280898472636. 540. 461252998 PCT/IB2003/005607
29. 020. 0898472633. 940. 43149474

23" 180, 07739 BBE B arpz0ce 50 o™ T ruy

19. 940. 07097856925 0.821853064
17.10. 06229887821, s8b5¥W3aRe51 6108 0.906751624
13. 960. 05%0%376318. BOoII2H365 64.04 - 1.002153097
10. 80. 0489267 2615. 7803RAT8RA321  67.02 1123811858
7.980. 04269968812, 786,248068006 79 1.281355576
4.740. 033 199. 74(9 %63 2.0 1505417753
1. 60. 0222 16. 360 ' '
0. 360. 0115844993. 16@2§@Q‘7§%7176 75.9 1.924659093
0. 10. 012454®860. 2400.293%835D3 00. 019823957680@6 $26592303
00. 00622706:382. 620. 1¢39MBOETR 27.40297933
1.30. 0151228065 840y 1765099452 85.04 28.18457122
4.30. 02579 E%88 980, g 4 97 82 10.2886551
7.10. 03736222712. 20 5 ' '
10. 10. 04449884115, 3Qté ?éges?s 20.7 38.77851104
13. 140. 05388203318. 4823986052064 907 38.79951687
16. 180. 05832249421 . A6 BO34DI279 87.9 32.20981322
%g- 228- 82%@.2@2;32471 @ﬁ%@se%ms? 85.12 30.2028813 |
25. 720. 07%%%76130 gﬁ g‘p881 7892'858 ;x?ggﬁgi
28. 680. 08 22233 2797 ' '
31. 960. 0932¢556736. 980~ g 7269 771 26.91634427
35. 180. 10083218239. 819838031 256  74.3 26.57762529
38. 160. 10363879643. A38BBIATT34  71.48 26.27216553
41. 240. 11386583446. .446976785058 68.62 26.01134315
2‘7‘- 228- g é 5;6549 6Q,680574874 656 1.008279798
' 7952 % %é?ﬁ%m 62.72 0.907626866
50. 70. 133 2455. 1 48 : '
57.24 59.94 0.821853064
54.06 0.141442716 57 0.729077319
51 0.132546947 54.12 0.660808374
47.94 0.120982449 51.08 0.594289915
44.74 0.112976257 48.12 0.541775343
41.42 0.104970066 45.12 0.496262713
38.08 0.096074297 42.04 0.448999597
34.84 0.088068106 39.06 0.410488911
31.6 0.084509799 . 35.96 0.371978224
28.4 0.076503607 32.76 0.333467537
25.16 0.070276569 29.66 0.299333065
21.92 0.064939108 26.5 0.266073835
18.42 0.058712071 23.26 0.23106412
15.18 0.054264187 20.06 0.195179162
12 0.045368418 16.86 0.161919933
8.84 0.040920534 °  13.58 0.130411189
5.66 0.031135189 10.28 0.099777688
2.02 0.013343652 7.04 0.066518459
0.58 0 3.88 0.035009715

0.44 0.00266873 1.24 0
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41.420.10497006645. .

35, 0B0BBTTID SR HYEE06Y mpoud as provided hein s meenta

BéOnS-f})Qicorﬁﬁ QRFLAGS %ngﬁg-o%%%%nd(s) to provide the desired effect. As
‘pointed out below, the exact amount required will vary from subject to subject,
depénding on the species, age, and general condition of the subject, the severity of the
disease that is being treated, the particular compound(s) used, the mode of
administration, and the like. Thus, it is not possible to specify an exact "effective
amount.” However, an appropriate effective amount may be determined by one of
ordinary skill in the art using only routine experimentation.

The amount of therapeutically effective compound(s) that is administered and
the dosage regimen for treating a disease condition with the compounds and/or
compositions of this invention depends on a variety of factors, including the age,
weight, sex and medical condition of the subject, the severity of the disease, the route
and fre.quency of administration, and the particular compound(s) employed, and thus
may vary widely. The compositions contain well know carriers and excipiénts in
addition to a therapeutically effective amount of compounds of Formula I. The
pharmaceutical compositions may contain active ingredient in the range of about
0.001 to 100 mg/kg/day for an adult, preferably in the range of about 0.1 to 50
mg/kg/day for an adult. A total daily dose of about 1 to 1000 mg of active ingredient
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SRRuRieoSh S BT S s b s o
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tre ar.ticul.ar f
e R3S REs FAREVGHGE) b (hbgrrBdRl

tQin%Bﬁs@r‘aﬁ&h,@l‘ib ssaahceuttédl @6ipygtion may be in the form of, for example, a

tablet, capsule, suspension or liquid. If desired, other active ingredients may be

included in the composition.

In addition to the oral dosing, noted above, the compositions of the present
invention may be administered by any suitable route, in the form of a pharmaceutical
composition adapted to such a route, and in a dose effective for the treatment
intended. The compositions may, for exémple, be administered parenterally, e.g.,
intravascularly, intraperitoneally, subcutaneously, or intramuscularly. For parenteral
administration, saline solution, dextrose solution, or water may be used as a suitable
carrier. Formulations for parenteral administration may be in the form of aqueous or
non-aqueous isotonic sterile injection solutions or suspensions. These solutions and

suspensions may be prepared from sterile powders or granules having one or more of
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108:417-31, 1992; Levin, E.D. and Simon B.B., Psychopharmacology, 138:217-30,
1998). For example, it is well known that nicotine increases cognition and attention
in humans. ABT-418, a compound that activates 0432 and o7 nAChR, improyes
cognition and attention in clinical trials of Alzheimer’s disease and inattentive
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J. Psychiatry, 156(12):1931-7, Dec. 1999). It is also
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i ncr eSeagbnhieka 2 dspesahavingmuliple asREcts e 2UPYY 18 g
grte %grrlera [11}; ailiﬁ‘fc’e\écalg %riltlcollgr[gutge ip8si§£é‘ gs‘f)%&% ®f schizophrenia, such as
delusions. One drug, Clozapine, is aimed at a broader spectrum of symptoms
associated with schizophrenia. This drug has many side effects and is thus not
suitable for many patients. Thus, there is a need for a drug to treat the cognitive and
attention deficits associated with schizophrenia. Similarly, there is a need for a drug
to treat the cognitive and attention deficits associated with schizoaffective disorders,

or similar symptoms found in the relatives of schizophrenic patients.
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in treating the negative synptons of schi zophreni a.
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elpiess tddhgcadimpdateanddt RJ@@OTYMUIQ@MT@%‘M Brglengation of QTc
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figiseRlonal assay on FLIPR 15 (see WD 00/ 73431 A2).

FLI PRy § 091%% r&'ﬁ%ﬁi tﬁe?aﬂyq@@reﬁtr}ﬁuﬁlbwyﬁﬁﬁ&ﬁﬁ oS iligaaks fuchms
each plate as fast as twce
achieeshrehi,ahe umnpmrﬁi@ oﬁF Omuésl arhibs anti-psychotic drugs can be
administered simultaneously or at separate intervals. When administered
simultaneously the compounds of Formula I and the anti-psychotic drugs can be
incorporated into a single pharmaceutical composition, e.g., a pharmaceutical

combination therapy composition. Alternatively, two separate compositions, 1.€., one
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assay may be used to accurately neasure the functional
phar macol ogy of a7 nAChR and 5HT3R To conduct such
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schi zophreni a respond to 15 conventional. ant iﬁ&s%g&%iacomsts
dr ugs. AFdiscussads the sappewrds, of a8 predet I FPHYSIE it & '

dl[h%gesfor%,r a?s another aspect of the present invention, the compounds of the present

invention may be used to treat a variety of diseases including cognitive and attention
deficit symptoms of Alzheimer’s, neurodegeneration associated with diseases such as

Alzheimer’s disease, pre-senile dementia (also known as‘mild cognitive impairment),

and senile dementia.
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avai |l able. Atypical antipsychotic drugs generally are
able to alleviate positive synptons of psychosis while
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As discussed, the compounds of thé present invention are 07 nAChR agonists.
Therefore, yet other diseases to be treated with compounds of the present invention
include treating the cognitive and attention deficits as well as the neurodegeneration
associated with any one or more or combination of the following: attention deficit

disorder, attention deficit hyperactivity disorder, depression, anxiety, general anxiety
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15 When separately adm ni stered, therapeutically
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chol’l nergi c nervous_system Since the drugs are ..
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concerns nenor i . e ,
largest class of antidepressants, but monoamine oxidase inhibitors (MAOTI’s) are used

in particular types of depression. Common side effects from HCA’s are sedation and
weight gain. In elderly paﬁents with organic brain disease, the side effects from
HCA’s can also include seizures and behavioral symptoms. The main side effects
from using MAOT’s occur from dietary and drug interactions. Therefore, agents with

fewer side effects would be useful.
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facilitating the processing of the trauma. The;efore, there is a need for better
pharmaceutical agents to treat post traumatic stress disorder.

Mood and affective disorders fall within a large group of diseases, including
monopolar depression and bi-polar mood disorder. These diseases are treated with
three major classes of compounds. The first group is the heterocyclic antidepressant

(HCA’s). This group includes the well-known tricyclic antidepressants. The second
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15 of anxiety triggered by nenories of a traumatic
event Trdvanatigibraio tijyryaddcesvednithebpat iselatmaged from a sudden
physical assault on the head. Symptoms of the traumatic brain injury include
confusion and other cognitive problems. Therefore, there is a need to-address the
symptoms of confusion and other cognitive problems. .

Brain tumors are abnormal growths of tissue found inside of the skull.

Symptoms of brain tumors include behavioral and cognitive problems. Surgery,

<26 -



or that the patient may have w tnessed. The di sorder
comonly affects survivors of traumatic events

WO pakoshispy sexual assault, physical assault, WaCT/1B2003/005607

10

15

20

25

30

torture, natural disasters, an autonobil e accident, an
ahdiplieane tashvthaapiost agel teitteatathe mnnorobuta)t]@teagd:nts arampcessary

The affliction also can_affect rescue \/\@ %}{% a
ab rpdrasreassqcaaierd HIMpioTHR s Eherefors, 1515 15§, ReEG e S@ﬁ}; symptoms

atra dent or soneone who has
Lﬂfi%?EaeV&?réldar Coglglg rq%o%d one. Treatnent for PTSD

I ncl UdgSsdme YAt WA b eRlvdRE Rdvetinall apyt legst compe of their cells an
psychot herapy, and nedi cati ons such as_Cl onazepa

Lextrazejinal prtios ef the nimber Hethseroeiome: e BN fFﬂ’{F ﬁc’t"‘ﬁ’r %

B ss BAeLo DFAS Bkl LSRR ORE e AR RaRgs no
a;%o% tkea?'ﬁerﬂ %P' 155%h"9Ryn#Sm¥aTh&bford, #RF® isaf n@UROaddress the

erap such as system c desensitization and inagi nal
fdeaqdtingdsotiated vath Diwer’s syskomei t h PTSD pati ent s.
Exposure treatment for PTSD Jnvgpves repe

r eI i V|(ﬁ%jleBFa Iymaogramiied deggErtiop PPl € %ﬁﬁll 925,05 the brain
C k Agest indmed d
AR AR B ler i Aol Do gpeses ok e o
%ﬂﬁg’@@ﬁﬂﬂéu‘tﬁ@lean things roeamnqmlsqnngraafath@st drygsaiged to
di sorder. 30 Mbod and affective dis 9 f\/\4th|n
arsergegrods i sEas e ks ST HEER sl 4 ALY
eSS| o | @i .
PS5 A, TR s e s
Tth fdgf@hlog bOHpniisgtotie divedser Gbyrefdre, thereiitie peassafant
HCR This group, i ncl udes the Il -kno {cycllc
mmna@ﬁﬂté@é agans to acklgess ReoHHPIIES é%%%x%%é%&
PCT/ | B200&/ g%ﬁpﬂewﬂﬁgﬁﬁ@s Qfa FAPRREAMPatHS Bk ok @r ifiA¥ing
nood di soréers nonoam ne oXi dase inhibitors

(MpSIm A ktrbdrates ahewhl seﬁewyub@rhes foond ar cetrtgppeasre@f of the brain.
di seases. The third drug i

eFrensoms pF dementia g inb ey edes 18?4“3?1?%‘3;}%%8‘& ) 48 fjyctuating
e' der J uﬁﬁ&bﬁ%&%th Ede&r&i’iﬁhﬁa b\ ddhig] SQasEnt doh@erﬁs de
S ca al so 1 nclude sei zures and 5

bﬁal?ééklﬁg 8le Rykincpim. andhpsydhidtne symlpiom‘sf Ebwever, arpdissnatg control
MAO 's occur fromdietary and t| QRs

pornghaecerrels ol end ik el o B PR s discase of
O(iktje € aém v&})}} i &d grefcyi@ |9 i92hEed dfalsSRAmaceutical agent to

rta, polydipsia, and trenor. Toxic side
etfréaeaélﬁeﬁtramﬁm\hyumlean i ncl ude persistent headache,

nment al confusion, and may reach,. res _and .cardi ac
ar r hy t Parkiagon'sTHasess ’c?raéleuélj%%}‘fé %Of‘%r chgacterigRd RFFRRely

glIIBSé nﬁ?ﬁx}s%‘lao f ey, aihels ﬂ@?éa@rﬁéﬂt@@ Stop the

Ui e personal|ty di sorder,

a}')ﬂb@féb‘éi&h 60the deave rThknﬁym, there s poberof ap}@onwptlcal ggent to
nore conmon. Peopl e having borderline personality
dadsloesd BerkénspRér from a d| sorder of enotion

regul afr%rgwg %g?%em o létséoﬁ qgle p{h% W€ Bf &ﬁﬁi@nﬁ&leﬂ b@3sychotic

speci f ression or thinking
dﬂﬁ%sr Ort1hi® Bieasdds Aeubtdredd bymmmnﬂa@z incdveneytssyod ofime manifested

results froman infection with
by puckenng of the lips and tongue and/or writhing of the arms or legs. The incidence
of tardive dyskinesia is about 5% per year of drug exposure among patients taking
conventional antipsychotic drugs. In about 2% of persons with the disease, tardive

dyskinesia is severely disfiguring. Currently, there is no generalized treatment for
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nicotine transdermally, or in a chewing gum base 1s'common treatments. However,
nicotine has a large number of actions in the body, and thus can have many side
offects. Tt is clear that there is both a need and a demand of long standing for a
convenient and relatively easy method for aiding smokers in reducing or eliminating

cigarette consumption. A drug that could selectively stimulate only certain of the

nicotinic receptors would be useful in smoke cessation programs.
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aré often abused, and the pattern of dependence is difficult to break. Drugs that
produce dependence act on the CNS and generally reduce anxiety and tension;
produce elation, euphoria, or other pleasurable mood changes; provide the user
feelings of increased mental and physical ability; or alter sensory perception in some
pleasurable manner. Among the drugs that are commonly abused are ethyl alcohol,

opioids, anxiolytics, hypnotics, cannabis (marijuana), cocaine, amphetamines, and
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There is a‘ne‘ed for safe and effective methods for treating this syndrome.
Age-related macular degeneration (AMD) is a common eye disease of the
macula which is a tiny area in the retina that helps produce sharp, central vision
required for "straight ahead" activities that include reading and driving. Persons with

AMD lose their clear, central vision. AMD takes two forms: wet and dry. In dry
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a@@ldh@ %ﬂrfllﬂ{ﬂed inﬁi(jvﬁ@aiS whd 1|¢13t ihh'ﬁ/_ic?ﬁgis éamilly. oPain wnpaat nifesit ﬁtself in

rug at produces milder w r on a .
e ougfondtandlydingfut n%fflfmtt?ﬁetosh@gpg}eé eLAILERHegh, back pein,
The Tedi cat Ip§1nn dfé&isi %&ae??ﬁﬁlefys 64h AsSarfiBiii aH@ Bncet ﬁfgﬁﬂts

@F‘éliolgﬁmg’na@g y. ents are started on the 1

lQeste BOFEmtthabpPloditedicste ith Pairca weartheecsbyiapatistent pain
wi t hdrawal and t%en the dose is (géadually:{ed ced. ¢
Sabmbithe pegeassor beute sbartdives, igRedifte RETARANOFR Giff Person ©

SESab 5 o0 e agRpor etk anpnasio
differently to individual therapies with varying degrees of success. There is a need for
safe and effective methods for treating pain.

Fiﬁally, the compounds of the present invention may bé used in combination
therapy with typical and atypical anti-psychotic drugs (also called an anti-psychotic

agent). All compounds within the present invention are useful for and may also be
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whi ch are then gradually reduced. Glles de |la
Tourette's Syndrone is an inherited neurol ogi cal
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uncontrol l.abl e vocal sounds called tics and N
BN RdaticABN st stherMoerapanpplompagguties abmposmons Such
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Qﬁ%ﬂ' VA% uséd Hthé Plce SRRKInYENtDI 1ﬂelad@Ha|1delz aSaree atypmal anti-
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pepdhotio gigs indetedhpresiflons Qlazapine SBP e dops1 %I@r@%etlapme
Severe tics and coprolalia my be physically and
socially disabling. Tics tend to be nore conplex than

;EX%%JI[\%E b 4 W-ngg/ h eﬁ?méylcm Q 6&1@9371?@%[2 BCc]pRaitine fHoarboxamide:

nmust ‘be feren i ated. The patient
may voluntarily suppress themfor onds or m nutes.
Currently sinple tics are oftén t tied with
benzodi azepi nes. For sjupl onpl ex tics,
Cl oni di ne may be used{ L nglltermuse of C onidine does

not cause tardive dyseri ; its limting adverse
effect is hyEotenS| on. In nore [gvere C

ant i pErehpld i obéaiedd byscoug 1%@@ o C]%&B%% cg&mxpf]é%lamd with

de.eff ect r .4
Hekort-erSauG R TR iy ap BRE K RBRRBE e cartonylic ac

ff"a&tl]dlﬁg RS SHIRIdnGS the A diciissedhareindnd elso Smirehydrdlyzing the
fectrve net hods for treatlngtfk(é\ g%rs e, ﬁ‘ﬁﬁ 5
Agter, rtled pepataiierced \ahlcla sasBdiph %%3/ 1 BubihBAlZY e

bt
rcgwr@et-ﬁ-ger%ﬂglﬁte is ?Qaldctﬁ é]!rle;ccﬁ*rets o gf’gr c%?l% ngn on
AR ler{h%dmﬁi 6@%&1uﬁhﬁ5&iﬂox1&@ tri aqueowssnethanol ion s¢etefutrile-
readi ng and drivi n? Persons with AM

chethanol oerturesl Agidifiention AppHli’akes %"xﬂﬁf#eért]iﬁf‘scar%@iylhgﬁ‘&ld which

QB3 DML
TR e g e R i i
tﬁl{?o @B%%dlrﬁh%eb@xmme oty ldyrect cs)ndensemreusﬁm;g atdeast NyDnolar

new, fragile blood_ vessels n
tdqelvakmtsu:lféRhé RO NGRS GRS hEFHPER SLENOE SEpasT

| eak d_f.l
meul #-GareRrpiael % § YRS oD SRApCORIRaS, (R EMeL 1.5
LRSS and Y5 G RILYoiowAarhrt pRatd Bontaskadis flatk isgtlacain an oil bath at

Therefore, there is a need of a_phar maceutbgg igg
t9:6)°é?dairdea’83rAlnDn, W% aaenus fméqw@? @O Blrp frobehs ggw) 1s

occurs from an crea; I I'Ben 2.2 mL all at
H’g‘“’bé‘t{l?ﬂﬁlﬁlo‘gqsﬁsa %S‘Hg it n‘%?ﬁ? 22%%|32%?§13E8ke%n e

nﬁﬂ?ﬁﬂu\f@ Yer?dif 864 heh BR firfal el3dngfaftw S OnctibMe ﬂa@strmmiﬁs»r 15hat
reat aucorra ei ther decrease the anpbunt o

lgp°entlbe lrafagtwﬂflfs stiyred ot 9G°Rcior amatherddh rdjdenfs §o0 Sﬁdoty placing the

fromthe e r ease
phaskdyy F%!Ceﬁlé%\%‘re q’ﬁ?ﬁtﬁlg ﬁ?acﬁPlﬁ ifst a%/(ghsg%gfﬁoa e &L The
arsea&%tn imﬁljfédnfgr 1.5 h in an ice bath allowing an undesired solid to form. The

undesired solid is removed by filtration, and the filtrate is extracted seven times with

EtOAc. The combined organic extracts are concentrated in vacuo, toluene is added to
the flask and removed in vacuo to azeotrope water, and then CH,Cl, is added and

removed in vacuo to obtain 2-chloro-6-(hydroxymethyl)-3-pyridinol (C1) as a pale
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over time or causing side effects so the eye-care
prof essional has to either prescribe other drugs or
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is a need for safe and effective nethods for treating

PyeDlaivesdsidrBIviofybdd) suffidiently pykeafoc owtmequent TesetimnidS (ED) for
periods in }ﬂ auconmp cause rel ease of excitotoxic am no
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| iR 118 Mixta@iingireeliahsil BorabgedsousABA flakk tpludellin daipdath,
hyperexcitablity. Al pha 7 nicotinic . agonists are also
diodimet(1 9.4 122 165 prroele istadded, and tharesitian ITEITFedRyqr B Weekend at rt.

Th 7.20

s A e R
V\Mtﬂ AR2EPmPIHOA N AN cWhBinet Drdapicdbye@ds dided@48®y), is filtered, and
‘terri Ietrlad of suffering fromthe paln,

r fhs tilltrdte s doncsitetdl iessnede aanbow agkésEhe ape glidipmephed with

HA oride Py bRt Pl BTGy e an ot
VE@hi 'cr]é)&ﬁ df(gﬁ‘?syl lﬂj1 %h&‘ Qieiratt W cdMRbnthdted fo@thniadl volume and is

hea es of severity, back pain, 25 neurogenlc
aélﬁlorﬁaﬂograbhmmm 060 gailicagslt (23@466 meshaleting with 2&H54:0.1

et e e Qe Snosprtc st Enection® ErRafe R bl pamermg e
p@oﬂbd cf Ind RAED S té{ QBLR) adﬁftloﬁﬁl%lﬁe Cahior%- yﬁél&)&‘ VIS (EI) for

e pain to informthe person of possib
|@;}Q@Mﬁdn@@65@ﬂ)treat ment). Persons sufferi ng from

o e ST D B . o
ﬁI-n%c)g gﬁélgeqﬁ/ dﬁflfé%]}ﬁfég :@Qﬂa?dllﬁlﬁ raidM &ddd MD2R211 146 rinBBlahdl cuprous

esent invention nay be used in
cl@ﬂiailerqmsr 0g, 0.7hemagyingt MLtGHCHAI0 mha%ﬁ b}rpiee Ab. TEA (21 mL,

el P e oot s e 7 ADMER il g0t
Péﬁ&l:}ng'Jg% érlugg.g 6%@%%@%& Rife x 330 M0 20 @ﬁl%&&&“combmed aqueous

used in conbination with each ot her
t y@s epaxaaghdmithdex 0 odl CHOMp @qqogmnedmgwlc layer is washed

conbi nati_on therap lowers. t e do
athh 1 B@M P saty PRI {sHi&,eggyF SIQgg pd Is ¢qrig gnt?aée& Macuo to

f r! Qb %rgk@'ﬁ d SRS 5Dyl gel (230-400
anl% %ﬁib%fghgth?% lf%]ag%%iqgt malf/l ged int %gl pr aggt |( ce
Ofnedt) celutingewith 857 BOlAcdexkiad. dBie. frtions withthe dgsitgdepmpound are

PO TR b IS g AR 4
Nl RhidAEARAGY Csh,gsfr?du?ol s S 411Gy idiED for

le 1 is obtained by
coypl, iay L8, ef/2, 235(1\]’,[))yr| di ne- 5 car boxylic acid wth

For obEAR gt LR Eeal B S e T8 oo P80
EtOH/60 mL TEA are added to a'flask. The reaction is placed in an oil bath at 70°C
for 3.5 h, is cooled to rt, and concentrated in vacuo. The residue is partitioned
between 100 mL 5% HCl and CH,Cl, (4 x 50 mL). The combined organic layer is
dried (MgSOs,), ﬁltéred, and concentrated in vacuo to give 6.5 g of a crude amber
solid. The crude material is chromatographed over 300 g silica gel (230-400 mesh)
eluting with 30-40% EtOAc/hexane. Two sets of fractions with two different desired
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i ncluding the preparation of the acid discussed herein
and al so from hydrol yzing the ester, the preparation

wo@tombsas i s di scussed in US 6, 265, 580. n- But yPCT/IB2003/005607

furo[ 2,3- c]pyridine-5-carboxylate is hydrolyzed to
tb@peeidsespBstifg el X M. afte tsal dongounds detedeeparaiély.hThe

o o S BSOS U
. 5-3. . f he. [ ; . . o
e DAL PR AR €5} MLE R Gt

AhE RaELuih by frhdtRms i ddmibrhed and concentrated to provide (7-
far 2?2, 3Pc]gp§(ﬁqdi ne- 5- car boxyl ate by direct

chiocsfnsd?,B mip)u'siimlg-yé)lmdﬂ@agl (CH) Bs arpihate so]écé]ﬁm\‘yayjé@ <Mt (BD)
R) - 3-am ' i di ; : .
(PRI L0 T SRER el A ShPBF) iy cpvoss

Tk Jos s Nk Budd Bsgis1Gor@. Mol 1.5 20 equ), and 150
of "'water are placed i'ma flask. The flask is Ejaced

i n an i (1.05a8, B. lahmoD @B 1andPHE tatelyst (.05 g3Torhged s mL

f [ dehyde (40.5 : | .. .3, ' dded
Bbsclaia Fifib daicdawas O ity A B is AGedr e e 1ot
?ﬁﬁlﬁ% Eoert%? R %d;th?'ﬁl@érle? frougdQeHenut@ filfk gareak svaged with 1:1

I na mL after the reaction had stirred
BROHAGHICLS, andOE filfine is eactitoried ® aspale yalbvasolgo Ghegesidue is

another 4 h and then is coo by .pl acing_t fla
prHiane e Bag0 haET et NEHG Op GHE FR BT eI G (435
adj\u . i . T i i i a6d ;
A S L e K
Y 8cidoab Mpalkhdl (1L0A0Ls The palsatiliid chonragyamaphgdlgyer 50 g silica gel (230-

o e i e U g e b U R e BLEE
SONGEI AL EGhnbled ARHQmLAIUENS didr@dBGddgmeliyRofidSthylsilyl-

enoved 1'nvacuo to azeotrope water, en i
GHQLR cipSriat@eds paxth Bhite exiio(B0Y6 yieldacMS (B fobCaithsNO,Si, m/z:
2-chl oro- 6- (hydroxynet hyl )-3-pyridinol (O as a pale
220 MO 2004/ 052894 PCT/ | B2003/ 005607 yel | ow solid (81%
yield LGl engl : Edi aueMeoreaginiOH ML, 6
(e “Est! e SR it s T g Ml O bR
rBb]) isciddedyakiOaR: reddiod igstirRdigfomind|h atat. €l lzadwddeiongs p@@entrated
inL water. The_m xture jis stjrred until ho enequs
pheackp 4 R risidug| ALRer (R Tl 1 2ddegp ﬁ‘?e TSiCpg A O teg Vgth 4 X 10
8. H"EE' ' : i§ G (KQO O, 3 fifebdd! B6H Quer
Pﬁéémée éﬁgéggﬁ??§g0¥%ggﬁéﬁﬁggthe %?xta?e I's adjusted .
tOncRnithtbd 2Pk cha HSEord S| 2, Bre Ipyiridini b &1 imstieaot @& @sla white solid

with 4 x 50 nL Et OAc. The ¢ in rgani a kS .
Gt el vy Soafsisics R A CPE TR rifG- Po T 0ok g0 Found: C,
ent [ y pyvacuo to a yellow solid. The crude

§g1%:adﬁi Jis%‘éiatelg’r?e%"vvl th EtOAc to provide
2- chl gerbtiyklydCsyused by otaid-GDuith Jepsrstatisn 13 @EB)g, 4g4.4
an off io white solid (62% yield) snd tﬂe %thrate IS
conel st qoabirpdewits cupraiey 1ogide (6 8nt 77 ek ApdtisRpr R iAmne

4 shld ESin BT HE 1AM i Rvarmed to 45-
gXégm&%@%ﬁ%ﬁOfi o Mg%%g%ﬁ%g&alne %\rcl:'et 1#‘%: aci d. The
5Hac tdr @GNS i doled B et Aristdaed wichrpound satnmted NaHCO; followed by
100 ml 2N NaOH. The dark mixture is stirred overnight, filtered through celite, the
volatiles removed in vacuo and the residue is partitioned between 1 x 500 ml water
and 4 x 200 ml CH,Cl, (some filtrations is required to effect good separation). The

combined organic layer is dried (MgSOs) and concentrated in vacuo to afford C4
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conbi ned and concentrated to afford additional pure C2
(12%yvyield). M5 (El) for CBH5CLINO2, mz: 285(M+ 15

W@20040328% g, 48.6 mmol) is conbined with PCT/IB2003/005607

trimethylsilylacetylene (9.6 nL, 68 nmol),

élz*ssz(stgr TPREAYA p:il@SﬂhgélQ:)hdp@lﬂahdiaﬂm fii EEHEINGD: CH207; H,3.29;
. T and cuprous_ iodide (139 ng, 0.73 mol) in
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ai 1 ot 68 G B S0 EReg Bt SR A (g b P

BRE ahhecteabitied Thesdksre i2Aedtad/@r°C,
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and cuprous iodide (297
ekt Sre SRR, )Adldiu@r&l EtOAE((ﬂ]G/rﬁIO) mdd'@Aﬂmrgmél@g @thqat;adéo
flask.” The reaction is %Iaced in an

fegluxFos] b, caodedcighbyands Pprgaawa Peahide Aot hrefiGag (600
led
i TR 0, A s o
s g1 AR HE thE ot dadfos demared as ebaentThetrentainingmixiee ﬂ%ﬁlteted
give 6.5 g of a crude anber jd.. Th % Eg an%%t%r'la L
irgoughr ashite, ogpadoridiEgYes U@dologldg}t’lopélapfag‘ilc £2350 )
e

200808 %%%fhcﬁ’@f’é/ drﬁaqmysmﬁﬁm?comomm aai‘aek y@m $cfh|de£a3 6
by TLC T

he two conmpounds _el ut ar at
g};r’[lye, wahdg mp@ngb)é Ic h@[mrg?qg@heg QUer @%&ﬁﬁw @888% &ﬂlca gel eluting
G R’]S ﬁg SD g 7%‘% ?@A&! [ie%ane (2 L), and finally 100% EtOAc.
f y‘% f

ri di n-5-yl ] et hanol E?Z
Q‘ﬁe @ pﬁ’@pﬁﬁe $1@l:ﬂ1c§hs(aﬁe6%rm{b1ﬁéd:iénd cofbentiagadan vetus ford fop(b (19.5

O ot S B CSBSET B IH H FR S, Foun
% hlg&&@yleld) M5 (EI') for CB8HECINCZ, n12
%%?fz ‘f5 t HRVS (FAB) cal cul ated for

' CLIHL 4L NDRSioride 68512558 @Bl i diswodved5h 304811 CrbfGsn adsy

(1.05 g, 4.1 nol ) and 10%Pd/CcataIyst ( ar
lasiceticr szﬁhﬂﬂaslglbwcedéwaﬂwce }éﬂé\”%g) @rL“ mf, 15.6

ded
T, AP U S Pt
f(i bt tgeg 79@51@1)'115 1%@@%@44@&@& aﬂtﬁlﬁe@bﬁ@i% stlamdi 30 Ingn at

fate i s concentrated to a pale yellow soljd. The
LPSICIUREA $4.7 mL, 33.5 mmol) is added, the reaction is allowed to warm to rt, is
stirred 1 h, and is washed with 25 mL saturated NaHCO;. The organic layer is dried
(K,CO3), filtered, and concentrated in vacuo to an orange solid. The crude material is
chromatographed over 50 g silica gel (230-400 mesh) eluting with 33% EtOAc/
hexane. The fractions with the desired compound are combined and concentrated to

provide furo[2,3-c]pyridine-5-carbaldehyde (C8) as a white solid (86% yield). MS
(EI) for CsHsNO,, m/z: 147 W
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partitioned between 40 nlL saturated NaHCO3 and
extracted with CH2C12 (4 x 20 nlL). The conbi ned
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concentrated in vacuo to a pale oil (1.04 g). The
pal e 0iQ8 (850 oy, Sreatumgh) apéiesblvaddn 18@nlg DMPO c K HE04 (Z80mg, 1.6
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s cooled to rt ‘and treated with 100

s anmtmtremtuu'a HO@®1ddah laovkechaly BOTLDG- 1 2R (Nawiql) lsrﬁ@ded the
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cap1E S 3 R hm b ropRElp AT pl” H residue i
r gt?ﬂré’&lwh %atﬁ?a”céd Yhmoed gﬁﬁhl\@ﬁﬁ 30 Xin5@en Bk raAdEWith @MECI4(10 X
2 (sone filtrations is required to
efSt) adt) g"dm@owpmd@tgwm)layéfh%dn@b@fﬁzﬁ@d @ﬂg%lmf@elﬂtaa}@im vacuo.

is. drie and conc vacuo
SR SR Rk S R
a the iA8% MeBFDAHICD te fractions are
R e S AT Pt
Np&nﬁmﬁdéndQ@@m@h@@ithEﬁﬁﬂﬁ) i s combi ned mnth zi nc
powder (34.2 g, 523 mmol) in -absolute EtOH (900 nli),
usi ng an overhead stirrer. The m xture i.s heated to
7§§hibéh$ﬂ3n(87 2 m, 1.05nl) is added slowy
nd the mxture is heated to reflux for 1
h The n1xture is cooled slightly, filtered to renove

t he allic Zi nc and concentrated to near-dryness.
B@&&&W&&a—‘t s diluted with H20 (150 ni) and Et OAc
( )1 Is treated slowy drop-wise with 20%
%g%ggké §im_) as the mxture is warned to refl ux.

The vi qhe Gres bysed556 med2.06 simgl) ovdistedead in i mkigppropanol. Fumaric
m xture 10

t ﬁ@déﬁjﬂamgc%& rgﬁ%ql}i?fe ! %rgg#hﬂpdnﬂﬁ%g)?{ %fllel &tﬂutlo\fl gquted with 5

ml acetone, and the mixture is added in one addition to the solution of free-base. The

reaction is stirred 2h, the thick slurry is diluted with 10 ml acetone, and the mixture is
stirred overnight. The solid is collected, washed with fresh acetone, and dried to
afford 680 mg (86%) of Example 1(5)(i). 'H NMR (300 MHz, DMSO-dy) & 1.64,

" 1.85,2.00, 2.11, 3.07, 3.25, 3.50, 4.32, 6.48, 7.21, 8.35,‘ 8.41, 9.05 ppm. Anal. Calcd
for Cy9H,1N306: C, 58.91; H, 5.46; N, 10.85. Found: C, 58.78; H, 5.50; N, 10.79.
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reduced pressure. Additional EtOAc (600 nlL) is added,
the mxture is heated to reflux for 1 h, cool ed
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(600 nL) is added, the mxture is stirred at rt
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“heémi-fumarate salt. Final oven dried solids are also satisfactory. Approximate bulk

density of the final solids is 0.28 g/cc.
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10 The white solid is washed with ether and dried to
afford crude furo[ 2, 3-c] pyridine-5- carboxylic acid

WO aD4008% yield). MS (ESI) for C8H5NG3, 162. 8 P&F/H2003/005607
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atidlenty hausveingddineaioroties 1Re- shhefemparagice fshedd #29¢C for about
The , react,i S, Stikr [ r

dPP%P%‘%f %dt enl%scrl}firgg% g g%éa mltnggd[l IQ fﬁk(m S?Qg gi}fasjs g‘tbnnel. The cake

Std WwhSed ey 10 ©héf PAR@d sl driddifer mht exzd b@lus mmlsdwmmdwalterplaced
fresh acetone, and dried to afford 680 ng (86%

Emaarpacemg( g\)e@ a} abouMﬁqug;t&onW 0 @j\%@.cg@)m rftbgqt024 hours.
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filtration. The clarified solution is cooled to 5
betvveen 25C-30C and then concentrated by distillation

der v to about 330 nL volune to precipitate
ﬁﬁﬁplga]%%l)gﬁll) The slurry is stirred at 70C - 80C

for 14pyh@HEacia |’Q4j37trh§)’hs anedleed irol QQI@mSNfﬂEA by hhmrfg to a jacket
addi ti onal Stlfflg& mple 1(a)(ii) colle %/
f tdrnpemtu@rpfah@lutﬁé éreaqmtﬁmpmtus@ apgut ﬂér@i 181l 08fm1 Jalcke ed

b
P g R e R
t QraR{sQOFTHR B hedti); 10fthdsaiah@npdratutd 41)aboBi98°C. Stirring is set at

about 145 rpm in both the reactors. Once all the fumaric acid dissolves, the free-base

solution is transferred to the acid solution through a transfer pipette, while
maintaining the reactor temperature at about 72°C. The transfer is complete within 10
minutes. Solids start precipitating before the transfer is complete. The slurry is held
at about 75°C, for about 1 hour and cooled to about 20°C over about five hours using a
linear cooling ramp. The reactor temperature is held at about 20°C for about one hour

and then discharged on a 150 ml medium frit sintered glass funnel. The cake is
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Hem Fumarate Salt: Exanple 1(b): Fumaric acid (437
nyg) is dissolved in 15 grans of | PA by heating to a

WO 20ke528945 tenperature of about 75C (reactor PCT/IB2003/005607
tenperature about 72C) in_.a 100 m jacketed reactor.
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étrm@ratefsah EH@@J vaislqdéahés alam@at%f alb@e attebpeaekie hemia
}t@.ﬁ auen at about 45C and 28 inches of Hg vaccuum
orabout” 24 hours. 15 HPLC anal ysis on the filtrate
indicates that the nolar yield fromthe process is

Example 1(b)(iv)
Fumaric acid (485 mg) in is dissolved in 15 grams of IPA by heating to a

jacket temperature of about 75°C (reactor temperature about 72°C) in a 100 ml

jacketed reactor. In a separate reactor, 2.0 grams of crystalline free-base is dissolved

in 20 grams of IPA by heating to the jackét temperature of about 75°C. Stirring is set
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approximately 87% Analysis of the solid sanples

W thdrawn right after the conpletion of acid solution
webangs2sand after the one-hour hold at 75C, shpPOEB2BAUE607

to be the hem -fumarate salt. Final oven dried solids

atsboghl 45y i ot the repctors. putesalbihe fypaiqasy dissplessathe free-

sal t. r oxj mat.e I sity. of 1) .
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m nut es. art precipitati-ng re the
t r ansf BPLiCsana B8P et filliae inllicatey tHas theehalar3@eld tfromb dietprocess is
75C, for about 1 hour and cooled to about 20C over
appuexifiaiely Abdtes Analyists of thy ernplss |W1§grarvahaghtﬁ%f@r transfer of
reactor el AGULE :
B T
siupteste dalg| Biasl Jvenagbd solhie atsalkeatisfy at 3ig: ANEIbROR 4F G20 -
PCT/ | B2003/ 005607 washed with 10 ml of IPA and air
divimeegate 6#lt-about two hours. The solids are then placed
in a vacuum oven at about 45C and 28 inches of Hg
vaccuum for 24 hours. HPLC analysis on the filtrate
indicates that the nolar yield fromthe process is
approximately 95% Analysis of the solid sanples
withdrawn right after the 5 conpletion of acid

solution transfer and after the one-hour hold at 75C,
shows them to be the hem-fumarate salt. Final oven’
dried solids also satisfy all the attributes of the
hem -funerate salt. Exanple 1(b)(iii) 10 Fumaric acid
(399 ng) is dissolved in 15 grans of |IPA by heating to
a jacket tenperature of about 75C (reactor

tenperature about 72C) in a 100 nml jacketed reactor.

In a separate reactor, 2.0 grans of crystalline
free-base is dissolved in 20 grans of |PA by heating
to the jacket tenperature of ‘about 75C. Stirring is

set at about 145 rpmin both the reactors. Once al

the fumaric acid dissolves, the free-base 15 sol ution
is transferred to the acid solution through a transfer
pi pette over about 10 mnutes, while maintaining the
reactor tenperature at about 72C. Solids.start

preci pitating out before the transfer is conplete. The
slurry is held at about 75C, for
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about 1 hour and cool ed to about 20C over about five
hours using a linear cooling ranp. The reactor

wo eompesmbiure i s held at about 20C over ni ght anBCT/B2003/005607
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'?H?antered gl ass funnel. The cake is washed with
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solids are then placéed in a vacuum oven at about 45C
and 28 inches of Hg vaccuum for 24 hgbks. HPLC
analysis on the filtrate indicates tfhat |the nol ar
yield fromthe process is apgjoxi ly 89% Analysis
of the solid sanples Night after the
transfer 25 of the solluti on and after the

one- hour hold at 75C, themto be the hem -
fumarate salt. Final oven dried solids also satisfy
all the attributes of the hidarmuajrerate salt. Exanple
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thCha"l“ﬂg 108F caith™) vmeré?i?gie%‘%rs’tsm hivesdhﬁlta%feﬁgtlcgb&ﬁ&r X-ray
f unnel e cake 1'S washed of IPA and air
ddifeatcfiar digfbantion pegkstao 1881, THhe0, s’aél74dsn<h2ﬁe9’t’ Begreqs| tyoetbeta.
in a vacuum oven at about 45C and 28 inches of Hg
vaccuum for 24 hours. 10 HPLC analysis on the filtrate
| Bdi caggs clénlﬁel %!e?eﬁn rﬂeedoﬁqﬁoﬁﬂmstmnﬁrﬁﬁﬁﬁﬁe 5t of N-[(3R)-
approxi nately % Anal ysis of the solid sanples
W tabatyiegwio] EanjmctéSﬁylﬁlrd[ﬁéF@pmdlneE-S -cefvoxamwids. sol uti on
and after the one-hour hold at 75C, showed themto be
the hem - fumarate salt. Final oven dried solids al so
tisf Atd LRI theQh1tiNGyRSINTne flAHR hatiBg SRdrheteristic
é ?B%%#t%ﬁ%%4 Clalrrede Sty © .
diffraction peaks at 19.84 and 24.83 degrees two-theta in a powder X-ray diffraction

pattern.

7. The salt of claim 5, wherein the crystals have characteristic powder X-ray
diffraction diffraction peaks 17.59, 18.43, 19.84, 22.74, and 24.83 degrees two-theta

in a powder X-ray diffraction pattern.

8. The salt of any one of claims 1-7, wherein the salt has less than 0.3% water.
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1. Afumarate salt of conpound of the Formula I: NH
PCT/ 1 B2003/ 005607 O--'~N Fornmula | 5 or

w@baamsaseut i cal conposition, racem c m xture, mT/M®/005607
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f drrar atldesalt o Tlﬁ]ér} &0 er?ndl"l%%‘ltﬁﬁ zesﬁajae%;;} V‘T%erwher ein
the conpound is a nono-fumarate salt of N[ (3R)-
l-azabicyclo [ 2.2.2] oct-3 -yl] faro [2, 3

- adppyr iThienelt of eleiar Hoxaneidehe it Has [eEhthasdl 1% ofatez] ai m 2,
wherein the salt is crystalline further having
characteristic diffraction peaks at 18.90 and 24. 97

pi?tr :?S H%mige%%lﬁal cgmﬂgﬁﬁpﬁl %m 1§1 h\%hf{élf'ﬂéllg%e {aktg)rf any one of
Clc¥grhall sl ohayEo d;ﬁi@ﬂﬁl@ca@intﬁﬁsy@ham@em X-ray
diffratction ffraction peaks at 18.21, 18.90, 21.74,

and 24.97 degrees two-theta. 5. The salt of claim1,

""']?{ gIR) selo?the%nr.%ara € satof%n}b 85% 0 clfeumsal FOt%eiJrepare a medicament to
%abd &iyéas%zco%dﬁﬂoﬁqﬁ 2 Jnahrh&luh Qb1 BefebpyHethin reBn&amabwould
xam de. 6. The salt of claimb, wherein the salt is

C rgcstvalsmnp@nﬁammrﬁaf filoayiha gdmtmasteattoerqf sttharapegtipdllyaifectve
peaks ai_‘ #%84 aalgl 24. 83 degrees two-theta in a powder
Xa’tnﬁk}m&? EeeSH: pattern. 25 7. The salt of claimb5,
wherein the crystals have characteristic powder X-ray
diffraction diffraction peaks 17.59, 18.43, 19. 84,

22374, Thnds@df. @8mdegmrhemsitt the-didsatesor cpndlaon thanitice =l

B BB Byl S el BTN BE bl BTy

V@s\%%@éé@:ﬁ?ag %‘}z}Pg&l’ s&%@@a@é %g’-@&ﬁlegiem-ghﬁa galld c@émﬁ‘lzeal m

erein the salt has |Iess than 0.2% wat er.
sathpainfient), asmieSiemahids, eclnzcomersalnsymwlaéts@lqrt@ﬁco dlsmder
wat er eutj cal zﬁet on..co

¢ R AP bBee R iagroh st SR e e 5B g ophic
0 pattérﬁ’l%ielré/sma Boﬂ@ﬂine ReXehAlty AisBaRA ttrauilr?atlc We8n @fjutyNBehavioral and

fumarate sal't of any one of clainms 1-10 to prepare a
rre@gm:ta\rmbbltams assoeiatedavitl sretstemors, AdP§i deimsntip pomplex, dementia
d there

B e T A A T
apRes ARS Y ise e YepSdstiBh! doheral anxiety disorder, age-related macular

degeneration, Parkinson's disease, tardive dyskinesia, Pick's disease, post traumatic
stress disorder, dysregulation of food intake including bulemia and anorexia nervosa,
withdrawal symptoms associated with smoking cessation and dependant drug
cessation, Gilles de la Tourette's Syndrome, glaucoma, neurodegeneration associated

with glaucoma, or symptoms associated with pain.

14. A preparation of mono-fumarate salt, comprising dissolving the free base in an
alcohol by heating;

adding at least 1 eq of fumaric acid;

precipitating the salt out of solution; and

collecting, optionally washing the salt, and drying the salt.
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anmount the fumarate salt. 13. The use of claim12,
wherein the di sease or condition is cognitive and
wardoansison deficit synptons of Al zheiner's, PCT/IB2003/005607

d f t th 15.d
AT e R A i SR e
gghglve i npai rnment), senile denenti a,
zophreni a, psychosis attention deficit disorder,
attentmmmnge%bndmnhﬁmﬁmaﬁﬁwqbfﬁnﬂhﬁnﬂﬂbdmmﬂmﬁdnandkohd;
affective disorders, . amyotrophic Iateral scl erosi s,

bor der piidiag ferasuhalitiop ta f[}sed?"d’el?ase oluiPRAL i ¢ brain
S i et B e BURL LK En BB 5800 2 06

associated with Down's syndrone denentla associ at ed
with Lewy Bodies, Huntington's disease, depression,
general anxiety disorder, age-related nmacul ar
degeneration, Parkinson's disease, tardive dyskinesi a,
Pick's disease, post traumatic stress disorder,
dysregul ati on of food intake including bulema and
anorexi a nervosa, W thdrawal synptons associated with
snoki ng cessati on and dependant drug 25 cessation,
Glles de la Tourette's Syndrone, glaucona

neur odegener ati on associated wth glaucoma, or
synptons associated with pain. 14. A preparation of
nono-fumarate salt, conprising dissolving the free
base in an al cohol by heating; 30 adding at least 1
eq of fumaric acid; precipitating the salt out of
solution; and collecting, optionally washing the salt,
and drying the salt. -42 WD 2004/ 052894

PCT/ 1 B2003/ 005607 15. A preparation of hem -fumarate
salt, conprising dissolving the free base in an

al cohol ; adding a solution of about 0.5 eq of fumaric
acid dissolved in an al cohol; adding the acid
solution to the free-base solution; 5 collecting,
optionally washing the salt, and drying the salt.
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