WO 2012/ 040404PCT/ US2011/ 052668 1 MONCHYDRATE OF AN AZAADANMANTANE

DERI VATI VE Cross- Reference to Rel ated Applications. Thi s

appl i cat iwo 2012zis0m4t he benefit of U S. Provisional PatertcTASRdiLOstcON
Serial No. 61/385,674, filed on September 23, 2010, which is herein
incorporated by reference 5in its entirety. Statenent Regardi ng Federally
Sponsored Research or Devel opnment Not applicable. 10BACKGROUND OF THE

| NVENTI ON Technical Field The invention relates to azaadanant ane
derivatives, aMONOHYDRATEMF®AN AZAADAMANTANEDBRNATINE: f or ms of
azaadamant ane derivatives, conpositions conprising 15such conpounds,

nmet hods of preventing or treating conditions and disorders using such
conmpounds and conpositions, and processes for preparing such conpounds.
Description of Related Technology Nicotinic acetylcholine receptors
(NAChRs) ar ecrydsteleyentd GiRelAtARitdmbRUghout the 20 central (CNS) and

peri pheral (PNS)_nerv ystens. Such _receptors pla role in
regul ati ng CNS fa{‘}‘éf“? g?Ft‘ob&IF’t“?sélﬂﬂ bepely) obY)-Svbguisiana! hgte té’t"@ﬁ%“gg'b%erﬁ wi de range
of neur ot r ansb1/B&X,674, filetConBtipeehberD3t 20N10f whiGCie B&&h idcyrpbiated be ekférence
acetylch%llInhsfﬂﬂgplnephrine, dopam ne, serotonin, and GABA. Consequently,
ni cotinic rece nmedi ate a very w de range of physiol ogical effects, and
have been targeted for therapeutic treatnent of 25disorders relating to

cogni tive f Lg?gﬁé[ﬁe%p e a%ﬁ\r "Helial o%%@éswﬂ:ﬁw: B%Q) pl@rrntat I on, pain,
|anannatloﬁ——b§7E%5%—§g“§Eﬁ§%gngarrﬁgT—WUUdT‘aﬁ§—€ﬁot|on, anong ot her

condi ti ons. Not applicable.

10 BACKGROUND OF THE INVENTION

Technical Field
The invention relates to azaadamantane derivatives, and more particularly,
crystalline monohydrate forms of azaadamantane derivatives, compositions comprising
15 such compounds, methods of preventing or treating conditions and disorders using such

compounds and compositions, and processes for preparing such compounds.

Description of Related Technology

Nicotinic acetylcholine receptors (nAChRs) are widely distributed throughout the

20  central (CNS) and peripheral (PNS) nervous systems. Such receptors play an important

role in regulating CNS function, particularly by modulating release of a wide range of

neurotransmitters, including, but not necessarily limited to, acetylcholine, norepinephrine,

dopamine, serotonin, and GABA. Consequently, nicotinic receptors mediate a very wide

range of physiological effects, and have been targeted for therapeutic treatment of

25 disorders relating to cognitive function, learning and memory, neu'rodegeneration, pain,
inflammation, psychosis, sensory gating, mood, and emotion, among other conditions.

Many subtypes of the nAChR exist in the CNS and periphery. Each subtype has a

different effect on regulating the overall physiological function. Typically, nAChRs are

ion channels that are constructed from a pentameric assembly of subunit proteins. At

30  least 12 subunit proteins, a2-a10 and B2-B4, have been identified in neuronal tissue.

These subunits provide for a great variety of homomeric and heteromeric combinations



Many subtypes of the nAChR exist in the CNS and periphery. Each subtype has
a different effect on regulating the overall physiological function.
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assenbly of subunit proteins. At 30l east 12 subunit proteins, a2-al0 and
f32-134, have been identified in neuronal tissue. These subunits provide
for a great variety of hononeric and heteroneric conbi nations WO

2012/ 040404PCT/ US2011/ 052668 2 that account for the diverse receptor
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(Levin, subty}pes %PM QR!:FPA offcss%ateﬁt"i;a:ﬁf @écg*hev?rl Q)%)leﬁc{:ptrherg Lﬁectsy?\%ChRs have
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and pai n control (Paterson and Norb 5:; gress 1 n Neurobiol ogy 61 75-111,
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The activity, aérachowd,@o?deamoﬁéjt?a& s, AaRine s iReist uag) mlaw@mtv@t ed by

the adm ni stratl on of subtyge sel ective nAChR | i gands gands can
exhi bit ant dGBHiment sodlg degphnts. deppntiggpsepiated a@bhm b%ﬂ’ép@menféasassoeaﬁﬂounds

that functi amtasovadslsPsdréid, AIDDEeMeatiQlahid Pices dibeas, KN@MMs inflammatior tHaOUgh
corrpounds t hat nonsel ectively dermnstrate activity at a ran ge of n| cotinic

r ecept or 2% uftPHECRACTEEPHE W@C%QFI@?“S?{H’“ G,Ogﬂ'}:\ejhpsg”%ﬂﬁ% 3ef} coptrolyoul d be
beneficial t(Pa@EmVvdnd NI ProYess i AkurbBIbIBSBEM 755 £11€2000) 8 welmtsimoking

a7-containi r!: ssarlltFolﬁl or rrlllg'otme withdrawal syndrome.

The activity at both a7 and 432 nAChRs can be modified or regulated by the

administration of subtype selective nAChR ligands. The ligands can exhibit antagonist,
25  agonist, or partial agonist properties. Compounds that function as allosteric modulators
are also known.

Although compounds that nonselectively demonstrate activity at a range of
nicotinic receptor subtypes including the a4B2 and a7 nAChRs are known, it would be
beneficial to provide compbunds that interact selectively with a7-containing neuronal

30  nAChRs, a4p2 nAChRs, or both a7 and a4pB2 nAChRs compared to other subtypes.

In view of this need within the art, the inventors were involved with others, and

developed the novel azaadamantane derivatives disclosed in co-pending publications.

Specifically, U.S. Patent Application Publication No. 2008/0167336 (hereinafter referred
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illustrates the X—ray powder diffraction pattern f formulation
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citrate ( CO”P?HQQ -phenyl-1,3,4-thiadiazol-2-yloxy)- 1-azatricyclo[3.3.1.1"]decane dihydrogen

ydrate

citrate, as determined by a dynamic moisture sorption balance, used to determine the

20  hygroscopicity of the compound.
Figure 4(a) illustrates the X-ray powder diffraction pattern for a formulation
consisting of substantially pure crystalline monohydrate (4s)-4-(5-phenyl-1,3,4-

thiadiazol-2-yloxy)-1-azatricyclo [3.3.1.1%7

] decane dihydrogen citrate (Compound A).
Figure 4(b) illustrates the X-ray powder diffraction pattern for a (4s)-4-(5-phenyl-
25 1,3,4-thiadiazol-2-yloxy)-1-azatricyclo [3.3.1.1*] decane dihydrogen citrate (Compound
A) solid recovered from a suspension having a water activity of 0.20. ~
Figure 4(c) illustrates the X-ray powder diffraction pattern for a (4s)-4-(5-phenyl-
1,3,4-thiadiazol-2-yloxy)-1-azatricyclo [3.3.1.1%7] decang dihydrogen citrate (Compound
A) solid recovered from a suspension having a water activity of 0.15.
30 Figure 4(d) illustrates the X-ray powder diffraction pattern for a (4s)-4-(5-phenyl-
1,3,4-thiadiazol-2-yloxy)-1-azatricyclo [3.3.].13'7] decane dihydrogen citrate (Compound
A) solid recovered frqm a suspension having a water activity of 0.10.

Figure 4(e) illustrates the X-ray powder diffraction pattern for a (4s)-4-(5-phenyl-



A) solid recovered froma suspension having a water activity of 0.20.
Figure 4(c) illustrates the X-ray powder diffraction pattern for a

(4s) - 4- ( 5SWpheryi40403, 4- t hi adi azol - 2-yl oxy) - 1-azatri cycl oPC3/1B2d11H3266§ decane
di hydrogen citrate (Conpound A) solid4recovered froma suspension having a
water activity of 0.15. 30Figure 4(d) illustrates the X-ray powder
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having for m'ék@re( 'te}i methods and processes thereof.

One embodiment of the invention relates to the crystalline salt of (4s)-4-(5-

20  phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.17"]decane having formula (1)

0O S
O

N

M;

wherein the salt comprises dihydrogen citrate having formula (11)

O
0 OHO

HO
OH OH
25



(I'); wherein the salt conprises dihydrogen citrate having formula (11) O
OCHO HOOH OH WD 2012/ 040404PCT/ US2011/ 052668 5 I n an additiona

enbodi nenwo 20ten4c408st al | i ne nmonohydrate salt of (4s)-4- PeTpaiseonylos2668

1, 3, 4-thi adi azol - 2-yl oxy) - 1-azatricychko[ 3. 3. 1. 13" I decane di hydrogen citrate
has a purity 5of at |east 90% of the nonohydrate form and not greater than
10% of the non- nonohydrate form In yet an additional enbodi nent, the
crystal line nonohydrate salt of

(4s)-4-(5-phenyl-1, 3, 4-thi adi azol - 2-yl oxy) -1-azatricycl o[ 3.3. 1. 13" 7}decane
di hydrogen citrate has a purity of at (IBast 95% of the nonohydrate form dnd
not greater than 5% of the non-nonohydrate form In still yet a further
addi ti onal enbodi ment, the crystalline 10nonohydrate salt

of
(4s) - 4- ( 5- pheny| Imanaddjtiona] %{EROQQ‘Eﬂ"‘ eprysteline ﬂf*on%bzsﬁa?eﬁ@y%ﬁ%f[)é (&:Phemyk: 71 decane
di hydrogen qn3t4.ﬂtﬁae.alz@sz Vo3 labatri@klopd 3.1 . e‘dﬁitecaaz&myd}dgen@&ra@m @J’nt)f han 3% of

the non- ggtq%a&g% tgg ry{q@ﬁ%rgtl{ ?(;\[grrx]lz:;d l?or{%%gtlep%an 10& of thé: rll’c%St alline

nonohydr at
monohydrate form. In yet an additional embodiment, the crystalline monohydrate salt of

(4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)- 1-azatricyclo[3.3.1.1>"]decane dihydrogen
citrate has a purity of at least 95% of the monohydrate form and not greater than 5% of
the non-monohydrate form. In still yet a further additional embodiment, the crystalline
10 monohyarate salt of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-
azatricyclo[3.3.1.1>"]decane dihydrogen citrate has a purity of at least 97% and not
greater than 3% of the non-monohydrate form.
In a further embodiment, the crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-
thiadiazol-2-yloxy)-1-azatricyclo[3.3. 1.1>7]decane dihydrogen citrate demonstrates at
15 least one characteristic peak in the powder X-ray diffraction pattern at values in degrees
two theta of 8.4 £ 0.20, 11.3 £ 0.20, 14.2 £ 0.20, 15.5 £ 0.20, 16.4 £ 0.20, 16.6 = 0.20,
17.2 £0.20, 19.7 £ 0.20, 20.7 = 0.20, 21.0 £ 0.20, 21.2 £ 0.20, 21.6 = 0.20, 24.8 + 0.20,
and 26.9 £ 0.20.
In yet another embodiment, the crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-

20  thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1>

]decane dihydrogen citrate of claim 1, has unit
cell parameters wherein a is about 6.52 A, b is about 20.99 A, c is about 16.83 A, a is
about 90.0°, B is about 93.75°, y is about 90.0°, the volume is about 2297.52 A3, and Z is
about 4.

In another embodiment, the crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-

25  thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1%

Jdecane dihydrogen citrate exhibits non-
hygroscopic qualities when evaluated by dynamic moisture sorption gravimetry, having a
weight loss of less than approximately 0.2% from relative humidities of 0% to 90%.

Another embodiment of the invention relates to pharmaceutical compositions
comprising compounds of the invention. Such compositions can be administered in

30 accordance with a methods of the invention, typically as part of a therapeutic regimen for
treatment or prevention of conditions and disorders related to nAChR activity, and more
particularly a7 nAChR activity, a4p2 nAChR activity, or both a7 nAChR activity and

a4P2 nAChR activity.
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new blood vessel growth associated with wound healing, more particularly circulation

around a vascular occlusion, need for new blood vessel growth associated with

20  vascularization of skin grafts, ischemia, inflammation, sepsis, wound healing, and other

complications ‘ associated  with  diabetes, among  other systemic  and
neuroimmunomodulatory activities.

An additional embodiment of the invention relates fo a method for producing the

crystalline monohydrate salt of the current invention, using a dihydrogen citrate anhydrate

25 salt as the starting material. Specifically, the process for preparing a crystalline

monohydrate salt of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-

azatricyclo[3.3.l.l”]decane dihydrogen citrate the process comprises the steps of: (a)

dissolving (45)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo[3.3.1 .13'7]decane in at

least one solvent at a temperature ranging from approximately 65° C to approximately

30 85° C; (b) adjusting the temperature of the solution to a temperature ranging from

approximately 55° C to approximately 75° C over a period of at least thirty minutes; (c)

adding at least one additional solvent to the solution and mixing for a period of at least

thirty minutes; (d) adjusting the temperature of the solutions to a temperature ranging
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chloroform, hexanes, n-heptane, 2-butanone, dimethyl sulfoxide. nitromethane. 1-methvl-



20 water ranging fromapproximately 3:1 to approximately 5:1. Additionally,
the tenperature of step (a) may range from approximately 70 Cto

appr oxi newel29128@0484 and, in a nore preferred enbodi nent pcrhms2aienpmeat ur e of
step (a) may range from approxi matel y874 C to approximately 76 C. Step (b)
may conprise adjusting the tenperature of the solution to a tenperature 25
of approximately 60 C to approximately 70 C over a period of at | east
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the tenperature of the solution to a te erature of approximately 64 Cto
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enbodlnent use rise
appr oxi mat eIOdevqnothGMSSteP(ﬁa)appr OXI mately 6 vol umes conpared to the anount

of solvent used Strcl {Q@%pnse adjustmgrtfﬁﬁer(l&rmy op@gpgab% tQQb[H&LhQ[glyt he

tenperature of the reac ion to approximtely 35 approxi mately 45C fo
a period of %t G dagprax@aKbuf"Cl fPrap prridedt é‘d'eésr'rtﬁ’dlﬁ‘?é'ﬁt Ingp @¥eferfed may
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30 approximately 41°C for a period of at least one hour.
Step (g) may comprise adjusting the temperature of the slurry to a temperature
ranging from approximately 0° C to approximately 10° C. In a more preferred
embodiment, step (g) may comprise adjusting the temperature of the slurry to a

temperature ranging from approximately 4° C to approximately 6° C.



30approximately 41C for a period of at |east one hour. Step (g) may
conprise adjusting the tenperature of the slurry to a tenperature ranging
from apprweizoetabip40 C to approximately 10 C. I n a nor ePprafSesinas2ecs
enbodi ment, step (g) may conprise adj#sting the tenperature of the slurry
to a tenperature ranging fromapproximately 4 Cto approximately 6 C. WO
2012/ 040404PCT/ US2011/ 052668 9 Further, step (i) nmay conprise
recovering the crystalline nonohydrate salt of (4s)- 4- (5 pheny
1-1,3,4-thiad iazol-2-y |oxy)- 1-azatricyclo [3.3.1.13" 1 decane di hydrogen
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anhydr ogs. ( Ayt oL g sl ST BBRARK! SLiErolagie LR Rl it uEIhIC o1 5
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(b) seal i ngdnqqgglrlgqqg %8558\/92&)8;,) ﬁ%qtri%é? gghi 1B‘QdetcEH% suspension fromlight at

anbi ent condi t1'ons reco erlng the crystalline nonohydrate
salt of (4s)-4-( Bl@haétﬁmm@ e:mbadlmtem ggicarret inyenpion gleg romprisgnt pioespe fas[ 3
. 3. 1. 13" ZdeGadiaring a crystalm&gyhf@até Qalt 81 3s) MEEHAGI-1 BR-1Hidi¥RNE-y Rky)SLEP (a)

may conprise water. ti onal t he anount of anhydr.ous
(4s) - 4- (5- pwé;ﬁmyc&)[%} hl i }ﬁe%?ai: g@éq’irogenwltm)thelprocess comiprising the steps of: (a)
azatricycl o[c3ntdstihg 13" 7] cl mmeuﬁl hydr ogeg-4qb pheryB1,BBYhi6dEHI-2-FRxy)-1-

approxi mately 100 E Xi mat.e and the anount of water
ey Conpr i séﬁﬁﬁf@%? ewcaﬁe @R%Q_ rogg' %\ﬁﬁ%/éviﬁr‘?agg'fev 5 Forepgtion IVESSE fRr t her
preferred erskoapmenéactidnhessanmd Iptot@fmgilhh;«dpdﬂsiﬁn {réis Jight4: rbbigrhedditions;

1-1,3,4-4 i ad azoI on icyc 3.1.1 d i rogen
citrate csl(;rrpr(lhse 55 r%’%?ryr) &' %‘me mfm rmreosfimrr%t é% féa%e% lh%ﬁd wherein
t he anount ohiadiegok?- yb@yﬂplr-zlzs@symibﬁdm Heecaley 0 8 nL to approxi natel y 1.2 nL.

One skilled in tRe.Af

llig to this method, the solvent of step (a) may comprise water
Additionally, the amount of anhydrous (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-
azatricyclo[3.3.1.1>"]decane dihydrogen citrate may comprise approximately 100 mg to
30  approximately 300 mg, and the amount of water may comprise approximately 0.1 mL to
approximately 2.0 mL. In a further preferred embodiment, the amount of anhydrous (4s)-
4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1 *"\decane dihydrogen citrate
comprises approximately 150 mg to approximately 250 mg, and wherein the amount of

water comprises approximately 0.8 mL to approximately 1.2 mL. One skilled in the art



WO 2012/ 040404PCT/ US2011/ 052668 10 will al so appreciate that the sol vent of
step (a) may conprise a m xture of an organic solvent and water. Moreover,
t he orgamwo 28losesit may conpri se nmet hanol, ethanol, 2- pcopseali/josises anol ,
but anol acetonitrile, acetone, formaniotde, di nethyl formam de, tol uene,
benzene, anisole, ethyl acetate, isopropyl acetate, tetrahydrofuran,

1, 4-di oxane, 5 nethyl tert-butyl ether, dichloronethane, chloroform
hexanes, n-heptane, 2-butanone, dinmethyl sulfoxide, nitronethane,

1-nmet hyl- 2-pyrrolidone, triethylamne, tributylamne, triflourotoluene, and
m xt ur es t heyik@fso appreciate hat thefsgivetienf stgb ((@rmaxt ¢omwriearid odxture rof an torganieur r ent
lmr;xgﬂty | on CapRk 3P w%ephWoFg(W@'thE Gfanic QBROR ey QBmBRAIRNRAnDY el co-yst al i ne
phenyl - 1, 3, 2TPAIAd PHARAL- DUGPAx§FLORiHgapsaeyc fMamales dimsthd efoamanige-nydr ogen
citrate as afudelbehgenk, ru;\l.'serél 8RY1 REske Asdprody MRERAI! tetahyddor@as; apt ablage,carrier,

di | uent, or exci pi ent. Pref erred enbodi nent of the pharpaceuti cal
Conmposi t i on megl};{é tettr WI 6ﬂtl}eir n‘B %ﬂraﬁwaflgoraqorm hexanes, n-heptane, 2-butanone,
(4s)-4-(5- phleﬁtyﬁy-l SulBoxdde] hitrﬁﬁlt:tﬁinﬁl -1-211eWyDX§p)'rrd|lrdarZeattrﬁdth£ﬁlﬁh{, Jritduylardide, 7] decane
di hydr ogen Gl ratt(g /apr esent anount ranging from approximtely 0.1%
to approxi mat 1y 987 ng g ’bVCMFrﬁﬁt based on the total weight of the
conposi tion. |n tohias fereodiltmadve temeodihentmalee whiradl ingoniposcdnpoisesce@npr i si ng
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denonst r'&t esphgnyl I.84ghiadiprel-2iloxrict-esairisydlef3 3ddK ] q@artehéhwmm@mtrxteraawn

di {1 ract i on pakURLRAk ay@%wa&ua&l@ ae&ptaa@qara@r %.lueqt L
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i azol - 2-y | B¥af9ed embedimpnt pE fhg P[l@mscef“%écqmpaa&‘ah@ew@/ngwwoveﬁyés@fesqf in

mul tiple salds)4q5pReny B34 8&I4802- ymxy)hleazemcﬁwﬁs ng3’]&3ﬁepubh.hgz&5gean One of
the salt forps hedhd en C|trte salt, WESL(% rimary
conpound of Ci"ﬁ{eé? gi§ent '8&8 a‘E’ ““éé‘\?é'r"é roRyRRiOY Bt Ef 14 %Ppé?é‘g‘baé‘i'é?% “with the
conmpoundls Spgcwdigit labed, ot ke Wiahydighgen tiei ¢ongpodtian hyel ties emeordambmt ed -
favorabl e solid st ert:es i nc r t

aceoptabl o upeRdr e o Ty e gl et TonE ST Pt of o
exhi biting ddrﬂaiheudlapﬂnym@cyp}mammyclbﬁ adti’ Jeang dihjdroginvjtdtodravngraasat e

hydr at h
20174 ot at o ueafy TRARERRYL Gl WPIB AR Pl PAARP RS s LS P, 2
humi dity forde@rzes\ﬂ)é'ek@ta of 84131030 Y1 Mé)r?-oe%pbs@@otlé Sat QRN Wéli”tﬂ%) I@#T pe |

light souy ce0an $038i 11y 08he0. ﬂ@@@%ﬁ’ otpo mzewmeﬂm%/ MSz?Qlll 052668
11 peroxide vapor at 40 C for eight days. di hydrogen citrate anhydrate
al so showed %20s8HEBP A 43P of 28 g/l in vvater Furt hernore, the di hydrogen
citrate anhydrate al so denpbnstrates beneficial nmanufacturing properties,
such that the conpound 5P ( tabl e purity and
yield, and the particl e==s 1 ng.

25 The compound (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo
[3.3.1.1>"] decane is known to exist in multiple salt forms, as reported in the co-pending
‘336 publication. One of the salt forms, the dihydrogen citrate salt, was identified as a
primary compound of interest, due to several observed benefits associated with the
compound. Specifically, the dihydrogen citrate anhydrate exhibited favorable solid state
30  properties including high crystallinity, acceptable melting point, non-hygroscopicity, and
the ability to avoid exhibiting complex polymorphisms. In addition, the dihydrogen
citrate anhydrate salt showed beneficial pharmaceutical properties, including a solid state
stability in the form of stability at 40° C and 75% relative humidity for 12 weeks, stability

when exposed to a UV/Visible ICH Tvpe 1 licht source. and stabilitv when exposed to



In view of these favorable characteristics,

(4s)-4-(5-phenyl-1, 3, 4-thi adi azol -2- yloxy)-1-azatricyclo [3.3.1.133] decane
di hydr ogamocniryeab@4was sel ected for additional anal ysi spcirusbudionzses

pol ynmor ph screeni ng and pol ynorph anaftysis. It was noted that (4s)-

4- (5-phenyl- 1, 3, 4-t hi adi azol - 2-yl oxy)-1-azatricyclo [3.3.1.133] decane

di hydrogen citrate, 10 when prepared according to the nethods of the ' 336
publ i cation, was recovered as an anhydrate. As such, the inventors of the
current invention subjected the di hydrogen citrate anhydrate to pol ynorph
screeni ng arpdroxide vensd pidiiCcfoneiahtydayss The difeydeegen qitcat¢ anhydiagralsb shaveed@f t he
conpound coubdnilg Hf ARAMEH inREE! f F&%}Jewore,tth@dﬂyci}]g&%%ﬁt% th"yﬁrﬁieﬁaléféfas

suspended in a variety of solvents to determne i1f other crystal forns
coul d be prdamersiates ponefigial meppepctiingo RpasHEse sufh thae theucoraprund rigerhei on

exhi bi ts bengdhufattaled Vi REIplaBIE pM?Bn&ﬂ@T@,aé’rﬁdhet;ﬁntclihesi.&mﬁélmoﬂ’éd%| osed in
the '336 publication. Specifically, the nonohydrate of the present

i nventior® i MHingher nodynami cal ly stable formof the salt under conditions
of hi gher wgt ﬁ_r BCViewi (}Sfyth_eshi ggaat;lg _&haﬁdte\mtiﬁurp’;]sgmt(y-ﬁh@m-hB,ghtgﬁdiamat-zar »
activity an i gher rel at _ it uch that the n rate provides
better chem'yéozi(lygh tréfﬁaoﬂhégi]c_gpécg?eaéihﬁrﬁf"vﬂgﬁe e“f?ﬂo%ggtefggrh?%ﬁé’f‘ghum dity
and hi gher watlgdis, actuding tpyly snsph rsoraereny ayd polgnipeh @olalysis. tiheasakeddhiays)- These
types of condict | S 1 AR Y. eval.ent in. | N, of. tical
conposi ti onsq 3 é‘ﬁ@é@&l"%ﬁ"f‘%ﬁgy ﬁ’s"ggkéiﬁgfgﬁé@o?‘ axge%%gr@ﬁ{agb%{@ﬁgg

f or mul at 1GngvheTipeepatieth pebotsirentoche mathedsnafribh \Ad 6 avldichigammwas racheeresliasraant

invention algR qehd eng HaNGEd fderidls foP UL RLhORVRNOF Se7dcRE - thel BRyREQRESS Of
wet granulation 25 1s commonly used for the preparation of p%ar nmaceut i cal

active i ngr ediaEnindydrese e pelyReth geping prdothermofnapiceanstysisHe dasieps Hr ate form
coul d avoi d oy forR§¥ahSofpolildRBLIdIbE pRaliydr 8heiffcAlly! e diMmeiditatsdvas esul ting
in stability issues. Ac,co:#ji n‘?l é ‘%ﬁ e di hiyq{fogren cit rate‘\ ggnoh d({:)ate

provi des phy&iPEXIEd BV aBR¥ AT NS LAY TR EY T derms gayld Pfgd%i" vi ously
unavai |l atsl e. 30The aévey dhobg®braezi 61 @t eurmain odvgttioat exhibasrpeneficial priopdrid cur r ent
et o0 OSnel Al DL SRS ILERE B pypici, spesitaty.

[ 3. 3. 1. 133] cemamaratdal thagoreste nmeatiorf or antheenddyjamicatld scable fivoh ©f uheesatif t he

salt of citr] [ DO G = N o 0 Ci t - [.ng:.chen. mul a
(1. A T houbferenfiads. & hinflk W ARRANE Wb Rl PV ABT L8R il

(4s) - di ast eragloyi andhighds eelaiiva Aumidintsaehetha drepoenably dratg\pyovides better chemical

2012/ 0404DARCT/WSRQHL 0RO e 2438y GONRAUN MGk LRE HEUEF SRl KRS 0N can

:
exist in the fornms represented b}: formula (la) and (IDb): _
aza- adamant ZRETPBERS SAMBFe] @ AhpeAnhydraf§- Bhae YBBPE conditions may brorrevalential |
however the cersin 950¢ BOPhamadhii@h cbihpdsfiond 56 N8 ol SioORSIpEIRIAE or any

seudoasymmetri C. nds represent ed
P y parenteral or%%ﬁons. Tﬁg delhydrogen citrate monohydrate form of the current

invention also offers benefits in formulation processing. The process of wet granulation
25 is commonly used for the preparation of pharmaceutical active ingredients. During wet
granulation, the use of the monohydrate form could avoid any conversion from the
anhydrate to the monohydrate, resulting in - stability issues.  Accordingly, the
dihydrogen citrate monohydrate provides physical and chemical stability properties that
were previously unavailable.
30 The dihydrogen citrate monohydrate compounds of the current invention
generally incorporate one molecule of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-

azatricyclo [3.3.1.1*7

Jdecane, having chemical formula (1), and one molecule of the salt
of citric acid (i.e., dihydrogen citrate) having chemical formula (I1). Although the current

invention is primarily focused on the (4s)-diastereomer of the azaadamantane compound.



by formula (la) and (I b) are diastereoners. The configurational assignnment
of structures of fornula (la) are assigned 4r in accordance wth that
descri bedwvonofynavdeesi s, 1992, 1080, Becker, D. P.; Fl ynecTDiSR011AsT68S
defined in Stereochem stry of O ganici2Conpounds, E. L. Elie!, S H Wl en;
John Wley and Sons, Inc. 1994. In addition the 10configurati onal

assi gnnent of structures of fornmula (I b) are assigned 4s using the sane
nmet hods. The isonmers (la) and (I b) may be synthesized separately
usi ng the individual steroisoners according to the schenes and the exanpl es
descri bed héheiompoynids efitheagunpel igvenfiengar exist (1 &y foameireprepsntedy fsaulsyia) hesi zed
t oget her af taRd ( WI ch the individual isonmers may 15be separated by

chr omat ographlc nmet hods fromthe m xt ure of both i soners when m xtures of
stereoi sonmers are used in the esi s. xtures of isoners may al so
be separated through fractiona stalliz g%gn of salts of am nes
contained in the conpounds of forfrufa (1) wi th enantionerically pure
carboxylic acids.. The current invention is dilrected to

(4s) - 4- (5-phenyl - 1, 3, 4-t hi adi az@®)- 2-yl oxy) d- 20

azatricycl of 1.13.7 decane drogen.citrate- nmopnohydrate crystalline
Soli it OTVE B e AP PRel BRI HAr SR PEPF D S 1B ERe PAVRECHEGuer X. 1 ay
di f f ract i50N cpdbi |rwhichds id dithdhsd sabmsitered pEﬂugwsﬁnrihetnOneormpduhdssrkprl:slentem the art
of anal ytical che ul d.be abl e

(4s) - 4-(5- pﬁ’é [frl@ %%(Walﬁldé“z“&l“?ml It 3°"€guraztaFarl|a$E:S "l“oi{té’ FYTUFs 7] decane
di hydr ogen of fornaule(lamnohvylgnaim nsulcordarlyywabtlfaewscatbed)méyotlhewsadﬂ%r| stic peak
In 1ts poudpsptan Hymcatoang(gsaéetﬁ{iﬂp SEB:HE: FBRlfPOST L ons. of

characteristic peaks in’a’powder X-ray raction patte
(4s) - 4- ( 5- pHemppunts, E.14 -Hligi, §dﬁ Wiey; JohmW deyyand $onsalpgtlp %y‘éla@ﬁ@"&'hel 133] decane

di hydrogﬁ)n Qbﬁf%laﬁoﬁ%‘l %sénrﬂentgf gﬂctu%;oﬁforrgslggb) a%sgéne@ 44 QsingliRe 2ame0. 20, 16. 4
0. 20, 16. 0.20, 19 20, 2 0. 20, 21.2

0. 20, 21. 6 ”l'?chJGS 24.8 0.20, and 26.9 0.20. Thus, the crystalline

(45%| 4- |(5' Ehe 1(sjomers (la) and (lb) may be synthesuzed sepairately using the mdlvnd(;lal di hvd
30pheny t hi adi az 0 atricyclo ecanedi hydroge
ncitrate V@emTfﬁiﬁci’ ’lﬂéﬂ‘ ﬁ%%%f @é%nggly %ﬁ?gp%{f 8Z lrf"ﬁ “¥r esent

i nvention defmmst(raahrets(ltahayeagtntlfemeedalmrmmfer whith the peldiduahisangpomeler X- r ay
diffractjon . patte at, val ues .i.n f. 20, 11.3

0. 20, 141% bg'seé)ar’are?gy %hm‘Ba%rap%mg‘ﬁ% g ‘F‘%@"‘%“ lﬁf&m rszw'%ﬁ 20, 19,7

0. 20, 20. _7 ndx@@s ofster@isoMmeB@re u2dd iR theGy@Besis2 Th&mixQurdf isprhe ma@.aBQ),be and 26.9
. . g dhr haco Izal Its*of'ami ain S

020, Addi tis0nRkdnroldhSractorhl G5HH 2ol AR 1s QR lléstéil coplERhAbGRs that the

crystalline I adl azo oxy -1-azatricyclo[3 .3
.1.13. 7]cle ffémt!'ai(l) n@éﬁ%ma@lwaﬁiélymﬂﬁ@hﬁ?@w? éC'éFem)nst rates at |east two,

at least three, qfe luereﬁxtmteautsn lsaflrecl,t&ﬁ@t(ﬁ)mv(@qphé}\tyl B8aShiadih2bl- z@toxl)east seven,
at | east_eight, at ni ne, | east ten, | east el even, | east

twel ve of? ataztt'e‘a§l°[3t3hl ltlé‘é??“t‘:ﬂ@l’%l&%"er‘i"?ﬁ 'EO'BQ%H{%‘G FRstallipoiglids v B(cll%%'/‘
diffraction uaadetletrda b@ztcha/radtﬁ%ﬁc pdak€lROts@R& ddr\Woray HiFfrhdioh datlkn, &s Alustﬂiteao 11.3
0.20, 14.2 20, 15 19.7
0.20, 20.7 ‘t‘)Fzgtl’e ‘2106e Wti“ B” '%?"eza“?f %‘V“Cﬁfdé’m‘%’yz”b"“'%ﬁe é"e ’ﬁtf’"yand 26. 9
0.20. Mbr eovémtifyt he préses-phanyens H@lnadlazbthglbxdeHzemlpjrcat[ES lnwadecarhe

cryst a! line l’él/ﬁé-g%-ci(gg? ﬁ%ﬁ&%&(a&:sﬁh ); EQ l%g'lag%ge hara\é ené% aak in its powder
-azatrlcyclo .o 1. 150 ecane dal rogen citra e nono )P at e denonstrates
t he fol |2wi ngray diffracsion pem-attvethesitaneleweak@s iofi clmrggtevister peXesrimy powder

X-ray diffraction pattern of (4s)-4-(5-phenyl-1,3 4-thiadiazol-2-yloxy)-1-

azatricyclo[3.3.1.1*"]decane dihydrogen citrate are 8.4 + 0.20, 11.3 + 0.20, 14.2 % 0.20,

15.5 £0.20, 16.4 £ 0.20, 16.6 £ 0.20, 17.2 £ 0.20, 19.7 + 0.20, 20.7 £ 0.20, 21.0 + 0.20,

21.2 £ 0.20, 21.6 = 0.20, 24.8 + 0.20, and 26.9 £ 0.20. Thus, the crystalline (4s)-4-(5-

- 30 phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo[3.3.1 .l”]decane dihydrogen citrate



15 Further, the thernogravinetric analysis (TGA) of

(4s)-4-(5-phenyl -1, 3,4- thiadiazol -2-yloxy)-1-azatricyclo[3.3.1.13. 7] decane
di hydr ogamocntryeabe4nonohydrate is 20 illustrated in Fi garas2011/0bx68

t her nogravi netric anal ysis shows the ®@ehydration of (4s)-4-

(5-pheny1-1, 3, 4-t hi adi azol - 2-yl oxy)-1-azatricyclo [3.3.1.137] decane

di hydrogen citrate nonohydrate as the tenperature is increased.
Specifically, the nonohydrate salt illustrates a | oss of nass of
approximately 2.5%to approximately 3.5% w th an onset of approximtely 60
C to appr oximrIelidateref W prepenpingenipe demensisaitsortilepsinane chirecterBtc peshdhydr at e

salt of (45)36&1&5(1% Qithcridn §arémtahba|§é1 inh @ Rles Rvo%hét%ﬁ@zrio 20, 11.3 £ 0.20,
azatricycl o[ 3. | decane d &yr?gr i)égen Citrate illustrates a | oss of nass
e

of appr oxi malf‘@lﬂyo %0 490 Kl 1h 1ah* &t OBpl okt REPel®y $82¢.20.7+0.20,The

crystal | ogr azp}ouco omiZ1.2cebho,pAaraseier s.9% 0.20, and 26. 9 :!: 0.20. Additionally, the

(4s) 4( phe t hi adi azol - 2- yloxy)-1-az

g() }pEFé n@vﬂ\"ﬂ@/ﬁﬂl&éncoé‘fef"rp @ Wﬁhdll)‘Fyényétta ing| é(?‘{/\& g 36bt ai ned
and vvere detﬂaad‘iazﬂbﬁykasyjdrﬁatﬁgydl(QBBhlﬂ3T]aDa|chBV\ll diydpaeanetitares | mandhgdre 519 A, b
is 20.982 A bout out ,93. 75, y is
about 90.0 tdgnq% S?rates atqg‘a%t ﬁo umerec()af g aSt %uﬁfb!f %gbieat Ie\:/%tesrlﬁlah%gsq b, and c
are each a rseﬁn,ea;émta@tlghv@t leesngltrh, mfleasthten@tiess{talthatat fegse tvealit @ ,at e8st and y
are all unitygel Y
5012 040404 SRR B pelkiSy 3Bokad Seia) itrdof i hgﬁg{;‘g‘mey\&deg’ees o
Furt her , 10t héhega §f Sidat 9-Phd | Aarfolly -2t d-28a] %5 H.20, 16.4 £0.20, 16.6 £ 0.20, 17.2 =

(4s)-4- (5 phey . 6zél~zbhliaﬂzoa.z.pd>1%aoijwdzdz@%@tdzocY£é9b§o%nAzé8 7] decane
di hydrogen citrate is generally considered non-hygroscopic, with a weight

change rangifny% rMHﬁeEVCOES'% RTECB, ‘R“?d’“?rb‘f"“'f‘eéIca'ftF'U@atﬁ%ﬁ’ﬁ“dl‘% ?’e‘é%a“:'S"er (éﬁg‘i ng from
pref orred enbodl Rart . he W o hanae o 0% L6 805 eal Bt v homi di ty s
0

Dot oxi mat SISPAOBBEE TSI 1y IS EBRHBPTR RS h & powder oy
((j 4rs]) d4 (B- phigfrydiod p@tedr attvhlluesdnalzgrbeszwy krmaw%f-sla-ﬂaaam rii1 gyco.2q, 34.3.+10. Zmde?:?ne

i hy rogen r n iQur_e ecifically,
Fi gure il ﬁhtsstifda érsirg'f1 %W ?ﬁrozzo’s ljr??% 2§ ]i%go% ﬁ%br:nz]%% 0. %bgﬁ@ rr(%);ndohydr ate
salt at r el atl 2w 20upi. @#Oi2@524r8ahn(gimgnd26c9m a2 to 90% Mor eover, the

crystalline nono t t n(;ﬁd; ther caIIy
stabl e form of tﬁ%{ﬂég fie ) { ﬁa"ﬁb%(r:agn Inf[?é‘oar?gl?éé%e OF af') 4a§t@€%%{3%mhl gh

rel ative huriiefiazgl-2- b‘PXﬁrlgﬁ?a‘Wéxcé’tB EXSUE \Weﬁfgﬂeaﬁwqii%gh ?‘@4‘atmwhmﬁ¢ dbty.

Speci fi cal | Yuust-figy lﬁrFYg%t'@-i | Tmhé’mGQfgy m&@& %na‘-‘)y:"sllstshg\fvs the dehydration of (4s)-4-
(4s)-4-(5-phenyl - 4-1t hi adi azol - 2-y }/

azatricycl o[(3Phgnyl- 11%‘5‘]‘?5’?6%#?@“8’%9(%@@@’1? 0 |[:f17' éﬂelqeéa"@eﬁ&dmey ¢ib#&i dered to
have a crit |ncbabhyaateelas akd iedipedatuiangiimgealddoMsPedizali Be ZRonohytirdte pakf erred

enbodi nent, . gitrate drate sal a critical water
activity bet wété?{es(fn% gﬂ}? %Pm&\?a‘g@w i ﬁrof“lff}?teiyr @g"f bVt BB RS hy dr at e
of the curremrommweiyt 6@nCi m ep(mmsmdteltyo?WeCat ilvea Ipedférebidt smbodingdng bE | ess

t han O. sol vepts Wt avva it f..0.15 ,the salt may 20
transf or i fr 6’319'@@%%%%&% ate f‘grr m to ghﬂﬁ Ir %%jgt '%’r'ar%\Ol 2[ }" t’ﬂﬁ

crystal | i ne apatroblpdral B Idecansimsieatet eltrmelllhlﬁtlrar@ aHenvioflinass @S appfoxfna @y or

greater, or ;99 mntﬁomttalpa@rmaqg, get¢ vity greater than 0.15, the
crystalline monohydrate sal %e current invention will renmain

t her nodynani cal Whes%ré%"egram*rduw Fq" PAAMEESH Ol (49)-1-0-risay Hd iy thiadiazol f20r m of t he

conpound. Acyroezy)dl Rir¥yci@t 338l AT ¥R Uihydkdgh e Scidie WabhyB&t | ikd | ®§e 0f 0. 10
or |ess, soI f 25 the current jnventi on convert to the an ydrate form

of the st ob 8 Swerg dstermined gecopding 1aithe; fallowipe pasgrestersict 1SAX1P&s bds 0. 15 and

above, the 20bsxlh, cclemyeﬁtAtaqs hvat mpﬂﬂ}édlb@hefi o1 m1dafis hdar ®Aetie affdi@r ef or e,
the crystalli current conposition may be

qg ratzg igzr‘k rmof th

conbi ned wi £f°'sH %"n‘f ? pIAFFR AT AR E3P AT s Ve figet ohat er
activity great®ystd haceGnd %, p,a8d Wehle aiSun@tniéil RagleENTRe Khia\origilliaed Rl @t i ve
hum dity



30 greater than 0.15, and the crystalline nonohydrate will not convert to

t he anhydrous form of the conpound, ensuring thernodynamc stability. As it
i s used hwoeanre/o4ddee term "high hum dity” or "high wat er pPaTitsSeo11952668
environments include all those with al4relative humdity or water activity
of 0.15 or greater. It should be noted that all water activity data was
determ ned at anbient conditions. For the purposes of the water activity
and all other WO 2012/040404PCT/ US2011/ 052668 15 paraneters di scussed
herei n, anbient conditions are generally defined to enconpass a tenperature
of appr oxi me@pginkP2tngpeke gravpessur e of approxi mately one at nosphere.

Figure 4 illustralges, ttkbecéétamel ;nBe/oh%ratTe hsen o r(Js}iﬁ'I(S s&ﬂppumtm.ga,a%&vz ronments
of various water activities q tive ties greater than 0.15.

Speci fi cal | yloxp-gagagicyclols. 3s1h'ov0§eqaﬁre dr%wﬂ@qn %%ys @Freraliciondferstafesrn f or

various susn@E@ E@ Wit B wéhiydhagkeWadeile Bt 0059116 8.4%oRRGtibfivealuyditidsi gur e 4
illustrates the ift fromthe nonohydrate salt to the an ¥drOUﬁ%salt at a

wat er actd vﬂ?'ﬂg'"rgaﬁ’ﬂj? QG tor Ok 65 fererynes. ysdyramic MBS FETPHEY P#Ig1eet AR 2resul t s
in Figure 4 prderedpbrabodatent, nthgr\eagl&r c}ﬁlegealfrbml ooExanpheretativdhumsdigl Rerei n t he
term "substanti al | used in reference to rystalline
mononydr at e BaPETaeny $25% . 1S InRGE. iR, FRFATT 4 o ehrgT ey

azat ri cycl o[tBiaBazbl- 131023})d1ea2amneyqlh[319dr16@®aa®| tiihgdregenr eifrate smbwphgdrgtal 5 that i s

greater tha 0%
(1) a-(5- pray R4 n3 L S 08y SR 3 05 s Bl s sopip i £5: | gecane
di hydr ogkh  che merobydige Pﬁﬁtat@dﬁﬁvahlnmﬁmseamgmr@b&%ml%% of any ot her conpound

and, in particul fforeolQ@eSihDOLryGARKRI HodBRyEatt NBN AOOUred0 Y AdniaNYis 130t her
forms such as anorphous forns, anhydrous forns, solvated forns,

non- sol vat edhFBpdmamigalloltapi g PBF*}?BSE‘" HPfleT £ditiopsft 1ighpter activity, highppr o

preferably, r@ativeWRsdidnt bahil Wtk activig!dhd hihaestieonumi&igl. t Sfeodicaliys thgr eat er
t han about- 95% ure vvherﬁlian the cr ta)l

(4s) - 4- ( 5- pHERFTIng 3 mpnohyfialsy; sl - of y | 69%]§Tg§§’§wqé€ié‘fﬁz[°§£§'°TY)1'ndecane

di hydr ogen ca'cim@tce,[zmnmiwﬂcaaé enhglmegen cﬁ?tfhtd’l@tgerﬁbmmlyabﬁmd’émdeo thinara abicalt . 5% of

any ot her conpound .and oes ot contai n npr about 5%
of any ot her"¥3rif ¥ rfﬁgs'}g 4[8'(‘5&6 enyﬁ" 173 ed € é)ﬁjb en&rﬂl)e §infd1kn

yl oxy)-1-az amratecynorhqhyd}ate 3alt masldStrﬁ}ceﬂe@aﬂQCdvltthe@g@ri Ocint 0dtSe Asonwothydr at e,
such as amorph },g{ame RN RE QLT i BRIl 0 erafRARY: yat ed

forns, desol vat e e enanti omer nore preferab
"subst ant i allpvelspefrless thaml §.15% eoF othsr sadventsswiith a twater aptivityraf £ 1Sy theraly "ﬁ‘bout 97%

pure, whgy e't&n§m Glo¥S iR nbfshySRRORYVAT Bt Be SAhfarQh o) - f- he-RRemnd- 1, 3, 4-
t hi adi azol - 2-yl oxy)-1-azatricyclo[3 .3 .1,13.7] decane di hédrogen citrate

monohydr at e 'EI‘H@@Y ¢ is cuppsed 1A releve hyRiHienpldlit> SEreatn fpsel v ieYitheoriBund and,

in particul ad'cquog&taa@ﬁanmrst fe eryIRI e mmdsnyaamaaanr@fcuaay ifeh@n fiar m of
(4s)-4-(5-phen 4- th|

yl oxy) - 1 aza{f"f‘%/ EJ'&T'BT@'"@“T‘ %3“‘%’356(?5?1@/ "ﬁ NOhSAIY BhEh e AP RS BIbRT UFat e, such
as anor phou&ofnqaéma Aanfijigtyosigelhidremmidiies vavaer dovines,of 0.00 osledsyatiedbff or s,
desol vat %j ft e cur?en?rl]nq'ergtn)% ceoﬂ\?érr]tt loomgranhydrate form of the salt, whereas at relative

humidities or water activities of 0.15 and above, the solids convert to the monohydrate

form of the salt. Therefore, the crystalline monohydrate salt form of the current

composition may be combined with solvents or other pharmaceutical carriers having a

water activity greater than 0.15, as well as environments having a relative humidity
30 greater than 0.15, and the crystalline monohydrate will not convert to the anhydrous form

of the compound, ensuring thermodynamic stability. As it is used herein, the term “high

humidity” or “high water activity” environments include all those with a relative humidity

or water activity of 0.15 or greater. - It should be noted that all water activity data was

determined at ambient conditions. For the purposes of the water activity and all other”



As a general protocol, the various nethods of chem cal and physical

anal ysis are included herein. Powder X-ray diffraction (PXRD) anal ysis of
sanpl es wae 20dowdted in WO 2012/ 040404PCT/ US2011/ 0526@8TAG201h@55668 | oW ng
manner. Sanples for X-ray diffractionsanal ysis were prepared by spreading
the sanple in a thin layer on the sanple holder and gently flattening the
sanple with a m croscope slide. For exanple, the sanple nay have been
ground to a fine powder with nortar and pestle, or with glass m croscope
slides for limted quantity sanples. Sanples 5were run in one of three
confi gur at i cammeigrsydssugsed Bereiv. obiens conditiqns aret gengralho difedk ¢ ensAMPHF dt e, or

hot stage myLferdnsit Bt 4 INE dn a Bre8RFQrRFFHGMALN nPhiRb
Diffraction ép@l‘%etrerns v?g{oé C(k)‘!EITSI | ect ed Sglrn F’ﬁ 808 dtl f%?:rfoneter

equi pped with anFiBHE; Hdlsiraiesaths @@PW&’nPUFﬁerﬁb‘%'&rﬁoﬁ‘ﬁﬁ‘fr@r‘"t%‘"b?’tS‘WHeOCu Kai
radi ati on. NaBouX-waky age/mgaﬁ@relawa@hm&m@dgeat@tm@ ool tsyeanediy 40gkysand a
current of 30 mA. The, | 53? i s_equi pped V\AthaFosition sensitive
det ect or t hafoHolF oYL ay i r?‘il‘aﬁtpiatbeﬁ“ EPétvér ﬁ’dﬁpfrlif?éf)lvfét VYRVt ect or
was cal i br ateedvitiag. cpkdifetlynfgirbe dtdenrs ateadifdiroeate heashydrate salevermeseconds

in 1 degree intervals_acr t a-ran Jhe galibration
was checked agyéifor?étsalgatm zlg?:roar%{El l| nrgn%%%g?'?tgmrt%pgtrserﬂ'g "%’?’é)ﬂ(ga@d U\rﬂ ST 640c).

Sanpl es wer eepltaiodigucrt iarxpdinediimgmateraiepli én Balngers. and | evel ed with a gl ass
slide. 15Alterna E‘{n ddY herdfn rtﬁ’é’taﬂ?"‘g&%[({?q{ Jug ;ﬁ; J' %e&%&db‘?\ RELO 'EBe%eUSR;”g a
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25 Even more preferably, a “substantially pure” salt refers to a salt that is greater than
about 97% pure, wherein the crystalline monohydrate salt of (4s)-4-(5-phenyl-1,3,4-
thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1>"]decane dihydrogen citrate monohydrate does
not contain more than about 3% of any other compound and, in particular, does not
contain more than about 3% of any other form of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-

30 yloxy)-]-azatricyclo[3.3.l.l”]decane dihydrogen citrate monohydrate, such as
amorphous forms, anhydrous forms, solvated forms, non-solvated forms, desolvated
forms, and the enantiomer.

As a general protocol, the various methods of chemical and physical analysis are

included herein. Powder X-ray diffraction (PXRD) analysis of samples was conducted in
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to appr oxi rr&tf@lreme?thln onesseueat)levselvyms tHat @anrBerc8mpined &tk adteermmdlrﬁami the

m xture q r opanol ter c Lises rati o of app

Further, 3 n 'ﬁ‘ﬁ‘ifjtehl?é? a’éﬁ’ﬁt h‘t an §f@%"“(%l 8?(*’? Wgd B’frf)'&eaé‘s [ g‘?‘ %‘Pﬁed 15 at
a tenperat urrefersamgnan@rfan(gomlaqnprwmn ratphtaye TOWEE dly 1 apferring trat@tgs BG1.C. In a
preferred erhodi nent ., . &r for med mgrature,rangi ng from
appr oxi mat eIrEg(g'?ﬂleitoﬁ a"p%% c?%')%‘?pr?gt ele {:‘"e m?ﬁ'matecss me(%af’& f tht“he’g}pr ocess,

as descri bed)r?paeuh(b’us Iays0|knv‘®rh v&asomomnplmglwtdnel eenpBrablaetooitrile KACHDI ut i on.

In a preferry SRarki ure of
20 the sol btk 08T o Feluaat ' Sraraei ) Bhell BERER: vl LETARHALCT, %60

to approM msltceroyy'7ereeteo&}%¢c)ategé*mdm§ure¢ (B d)érWeft ymathil rtery-buiyinethess t o

appr oxi mat el(mmw,mtchh%&hanm%%%rm A8nes Ki-hebBfe, Izrbutah&.eqmzwd metiyrder st and
that the length of tine be nmodified to |l ess th @ﬁ@grom rrately 30
W

m nutes or grEXtdsy Ph’hstﬁ))ap'ﬁt’%t'??&?el'ym@?‘b't?tpyhﬁﬂ?%‘e t tHepditinhg from
t he scope ofiribt@arhiny, e mtifid@Fotolhdhea diMi € aRtef efdrasmiaebesiorentxuats 28ah.ep (b) of

the process,  the erature f.the so i.s reduc rature
ang gt r o aEisIRaretyes AT SaRBARh Ryes e, omaiddiEE] 20 )
of the prsocesisturesiiel)s Kirmhrede/fthylt dveta@rmixwnds |(1:Ag dbrmamplo/TelE aixeurdsh@tl),a vari ety
of SO0 yent s SRl ONSAL (37 SR OV DUSSRAPT G0, 1,
(c) have bedMBEAMEK bedturé‘éO(lpt)ewwﬁ@ttg}uqtbome(turcs cohnelMiSOretiwi t dvelsteep (a),
and are | NCQfRARA1@d), NBRROAAY wighRt ARG pliof otp.rogénwaﬁg rﬁ%%@'(ﬂﬁ‘?t the

sol vent conprises an aliphatic such imted
met hanol , etfhfal"?ﬁ‘l‘de/eﬁlafﬁ'dﬁ@éﬂtﬁqs (B¢ &ﬁ@P')“de/Mﬂ‘meXtarﬁ%j(hi”)(tfafrr@@'cteﬁe.'iéof In a

further gy efgikiueg éﬁmmhmmxah;me@falm.smtesQowrférﬁee.danwmamés M‘?e armount
of solvent added durin ocess gener ranges from about

st 0 a
1 vol ume to %59/'(“"fﬁ‘ethg® 1t27€§)461f@4@ﬁ@8‘28‘ﬂ/ DEYEES (Qé)y CNrel ative
to the anmpuntix@fes §108)yPRSO/MERMRIAS €03 ) DMSOBokERMmikYes (1:), @W(ﬁétﬁylred

enbodi nment , the anpunt I added dyrjn t he. proce
generlal ly r&R588 "H‘tgrr?ts égg)tjtﬁﬂﬂy%ﬁﬁn@? e t;’:?rug'\’%bv‘g‘f'lﬂt‘é‘getl'arnélrﬁ’f‘ “\’/eé tgst he
anount of sc(h"r)emnd adabidatchos ithegeoSt dp o &ltherl emtavdiieat, e edlednt edmpidbodi nment ,
the amupl QbmBRlicdt wAdAGH AUhd RO ALER (rdoal, Ak BfiapiOCCSS generally

ranges fTom about umes , relattve to the
In an additional embodiment, the invention encompasses a process for preparing a

crystalline  monohydrate  salt of  (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-
azatricyclo[3.3.l.l”]decane dihydrogen citrate comprising the steps of: (a) dissolving
the (4s)—4—(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.l”]decane in a
30  combination of water and at least one solvent at a temperature ranging from
approximately 65° C to approximately 85° C; (b) adjusting the temperature of the
solution to a temperature ranging from approximately 55° C to approximately 75° C over
a period of approximately thirty minutes to approximately eight hours; (¢) adding at least

one additional solvent to the solution and mixing for a period of approximatelv thirtv



anount of sol vent added during step (a). Step (d) of the process

i nvol ves a second phase in which the solution is cooled after mxing the
addi ti onavoolvanto4 as described in step (c). In a prefecrag2@rvsmcsrent , of
step (d), the tenperature of the soluvion is reduced to a tenperature
ranging from 10 approximately 35 C to approximately 45 C over a period of
approximately thirty mnutes to approxi mately ei ght hours. One skilled in
the art will understand that the length of tinme may be nodified to | ess

t han approximately 30 minutes or greater than approximately eight hours

wi t hout depdrinyteigio RpRigy impely sigdprouss (D hadiystinesthe feawerature of theptolutippsdp @r r ed

enbodi ment  QémstLRe éﬂ)g,mgtﬁlaﬁ] Jpsﬁpﬁ{a&ﬁwf@ @i‘o dp ,%xﬁalew 5@ ber h@eluest to a
15t enperature ranging from ag}ﬁrom mately 39 approxi mately 41 C

Step (e) of Wﬂéx‘ﬁ?ﬁb’eg‘@cﬁw 4@ SPRIaYMA 'Yaf'ghtefé’é‘fs e 24ding dhicatoPehe

sol ution ovaad.aor;aersblodn rtanga Butfon OsNe A RPFPISH rmta@basxn?:{atem fHithye fidues to

approxurastelﬁ %Htlho SrWAS stated pr ty%t;lsl the skilled artisan will

appr eci ate t*REPTREY BRYL VG (&) | mankinnenbe SBEY 3t @genBerpiug sapging, from

appr oxi mat e|aypr3ﬂmla1613'ull)é€ tﬁ)lappgdixﬁazitﬂy SOMmrampmm@fmreinmateiyghﬁy Fonites Wi t hout

20 departing fromthe s th] ﬁ &k |nv nt i on falg | es of solvents
(5] 0 adjust I‘ﬁo t

approximal tem temperature
that may be P oY por a &\ TaVePDh previously above

in connecti oungwgtﬂ'onsamuoxara?)telaﬁﬂ @lt(eanpmnq:ow a§°eG (]hérrev(mgblye slghefoerce. In a

preferred e’B@ecgJ St rahaanoﬁk‘égﬂh xifn@ rtgﬁg% Mesat}v af)’%&ﬁ ln%te eQé?P%uri such as,

but not limt ano ropano ut ano wat er, and
m xt ur es!® hepe 6} extraﬁt"sg tﬁwrvﬁ@hnegr@mérdf@qsaétmﬁéﬂ) fréhphenylhiss, émlaﬂeml -2-25

conpri ses 2-yy Fﬁ%’mcyga@ 3anpqeécam<j.mlra%@mnra@lded durl ng step (e) of the
process genera ranges. f rom about ume tq ab 0 volunes, relative

to the anount of Syl ‘P%EIB%%P&%%‘H'CHG‘Pfhﬁg"“é’t'léﬁPF('%D}ate {hat the skt r ed
enbodi ment, ph&gI1-apRURLdi8dI1-39lokpnt- azadidyado[glgnnhgde&h&pusé@)n o lﬁé’iﬁ)dpd,’aﬁCeSS

general ly ranges from about voI u u tive to the
anount of sg’feventa i n¢StHor at’c‘%lﬁj dur §?Sé%'(?£§'e"yl ){f?é %@i‘zo '%ésﬁﬁ’f)elferred
enbodi nert , atd\&cyammmt 1’'0fdecnt, ventpu&ddecfmw(lsrpgerst- p4(tla)1dmzfol 2-hxpriocess
general ly ranagrlc If30§q ?‘b t 4 (\)/rosu stan ia l{ é)upeogs) @(é’phenyl 3 4 4(@%2!)1\/? to the

anount of sofve ACOor p ated’dur f" the
process is d/lqumzt e@trtcmcln[éﬁritléﬂmcngp t/hleo tnestqpe(rladfulneeprodess, Iqee S<Illu:rimythaf ter

addi tion of the S ) I h t ppreci ate
that the V\tholllg? B%gﬂ%tﬁlit’%{'/ JU%%6%€/0655%2§§ Igdlgh n%ﬁg{ngtﬁ%ngg% dsmﬁg)l tbgrrper ature

in step (f) i&REQgrakdcoi Wwci déisspiveh tthe t dfpgedr@atrhere!-bdtabirdiamabylony)step (d).

Step (g)z00f akéiﬁcyraropﬁﬁﬁmd@yaqévesTlceocgblvelg tcbrﬁpcﬁlL:Mr rg\enefrmymbﬁbm@ e a
tenperature ranging romatgroxwrate to approximately 15 C over a

period of aFPPBRMPRLoEWpter 8/ith B} [epsy Of H‘é?resé""f"a gﬁ‘ﬁr‘%‘?? Aaitoa |of Wéle{; At Hour s.
However, on@easkdnk beer gorveﬁthgn@ny had d drititn dlafes hotinigly bfipadatel fian beogshitable ti me may

SRR CALE R S
i nvention. lafiplatipragbiel r@dthessbodi nenlimied ©f epthap),, ethdvel, t 2prppanat UPa&),0f t he
oL O S b PR BRSO ABAL A E .5,
t enper at ur e t@iflen@h@n@m whisoip ethyl ﬂ(@dim: isdpropy | acetatmiheh At taif@ydraﬁganr("g" HFY,om
appr oxi mat ell¥4-é]io>gn$,Qné?t®Fl)rté?t)-(l;ulf@teﬁlley(l\ﬁfﬁ), dichloromethane, chloroform, hexanes, n-
heptane, 2-butanone (MEK), dimethyl sulfoxide (DMSO), nitromethane, 1-methyl-2-
pyrrolidone (NMP), triethylamine, tributylamine, triflourotoluene, ethyl acetate,
30 formamide/ethanoi mixtures (1:1), formamide/IPA mixtures (1:1), formamide/ACN
mixtures (1:1), formamide/MEK mixtures (1:1), formamide/ethy] acetate mixtures (1:1),
formamide/THF mixtures (1:1), DMSO/methane mixtures (1:1), DMSO/IPA mixtures
(1:1), DMSO/ACN mixtures (1:1), DMSO/MEK mixtures (1:1), DMSO/toluene mixtures
(1:1), DMSO/ethyl acetate mixtures (1:1), DMSO/THF mixtures (1:1).



Step (h) of the process involves the mxing of the cooled slurry for a
period ranging fromabout thirty mnutes to about eight hours.. One having
skill in wbeomyaowil | appreciate the tinme period for m pcmgiSoey/obmeal t er ed
dependi ng upon the reaction 15 condiZli ons, w thout departing fromthe
scope of the invention. One skilled in the art wll appreciate that any
means of m xing known in the art nay be used, including both manual and
automated forms of mixing the slurry. Finally, step (i) of the

process is directed to recovering (such as by extracting) the crystalline
nmonohydr at e DMP@/dighloromethane  mixtures  (1:1), formamide/ethanol  mixtures  (1:3),

(4s) - 4- ( 5- phsmihidbiaod- &ml@él' Wﬁ' fgmyaH?a%YMEI% Ak C(Y@} Oforr%Qn Eie%tﬁyll 13']

decane di hydrogen citrate fromthe slurry solution. Ere erred
enbodi ment , 2F§iEe MErHEY (bP): rf%fé‘@(ﬁékﬁ}r Hfemixties (Ioh) Dé’(’ﬁﬁf?'i’@’@%‘ SN EHESt | onal

steps of dryi: ngwsb/éthdnbrlatxtmu?h@n&é@/hbmnafutésw@) deoM@ﬂerm{ueéad t hat
t he process ?fls q%l\#e(gg‘] dfiltering the crystals may E)erformed by any
met hod krmowd!?h /iglyene miwes (130, DMRO/GRY Roeir "ﬁ?‘tﬁteééb e SLEE a drying

ti me rangi ngmimfesn(appmxscwakmbmn@menmmmmréso(1aqo,pﬁrmx¢dffaatrahynsaﬁérwntIyx f our

hours, at at r rom ap e 40 C taq approximtely 70
c g Cteal S <SPRERE arscathiefor, ahoreth ‘BFPEEL 2. et hoo
for produci rthatdie2@ropsichl kridnbutanmhohinda eftighes gir¢ferofd embodiment, the solvent
(4s).-4-(5-phg h L r 3'7]
decane di hyg gésﬁggﬁ?'ﬁtg%ee‘l’@?kl%ﬁ& ﬁ%dyggtx d?%eug]%%%% r%ko {tquséﬁne gth%und as a
st ar t i nglOatselv¢rgland Waies gmtaﬂmdommrm AgeD Qf}mpww@lm% 1 Gaﬁpm@nmaelwl ng
anhydrous ;g respectlve In a preferred embodlment the mixture of at least ope_other solvent

(4S) - 4- (5-phenyl -1, 3, 4-t hi adi azol - 2yl oxy) - 1-azatricycl of 3. 3. 1. 133] decane
di hydr ogen &n{ weffcecogwrwea afigtioref aprsotipaply |ddapPAreTimgely TelorsbastYadorndf wat er
and at | eastmda@gre%la@@msmlmantme mr@lon ZIth%amm% Ratfek @&n,Bh%ss aramt&r
activity greater, than I;L action ves EP%{ seal i ng e Eeactl on

vessel and FPUPEEEENG ‘[he“r‘é‘Efsb‘eaﬁ‘gi greraegimert @‘FR (a} Pt e Bo8ssE Shappme
2012/ 040404 RCH/ tkioRddrlne OaZHieS frdh @@rodlntatamnsm a;nd» (pp)oxrrﬁmayesm g the

talli
e L o T L T e P T
producti on G#° €lreaparovipchtedy €°6F.
(4s) - 4- ( 5- phenyl Stgp %T ¥h@'p?£bs§zéglde€cn¥!:@&i¥\ho% %l\';els%é{(ﬁ’ngéllé e:l'atl]f% 7]

decane di hydr ogen C|9rate are discl osed Ing Unit
Publ i cat i on oRghe solgigy. 1@ Pad@redsmppdimpntiod Sthléﬁ’él@i/thﬁ chgﬁslth‘t@mp@?tateéd by

referencg The Mot rdds®d foN aSteRBerb@e pafng.hgefrcnﬁ %&.aa%lp%er@ltby defined
as any organic solvent, water, or a mxture ereo capabl e of dissol ving

the anhydr o@BP/@dMatelyt’0f Goyera period  apraximataly Ahifty manutes sRAPPTEX ALy, §ight -
azatricycl ofhdurs. HokeeteCaneekilled}dihe @R Wil iuhdediad tﬁtﬂltﬁ@@hgeh eKampPhes vef
sol vent s t hat qg?f be used in the c]ai rreds(jproceslﬁﬁl ncl ude, but are not

limted to, "B{MsH RS0 BPrRgAEiel 2O URGYT geatephan FRRFOXMAIlY £I8NLhGUTS et hanol |
et hanol , 2- mnmpuani@bamﬂguﬂrcamme sc@ie(nf)he ibuhaerol Inaa:nabxemrdférrelde:mba@nefemnﬁ

formam dg, d fo enzene acet at e,
i sopr opy ac{eegglpwlhf B &%%oﬁ o?‘ﬁerr%r’lre Eﬁﬁscgu%’)?ésnréaduce °ha tFm"t’eé ’t"e%ad‘tg /P et her,
di chl or omet Hl_a?neappmhlln@re@f@f@tohm‘anreselylﬁé‘h@pt ane, 2- but anone, di rret hyl
sul f oxi de, i tr OfERIdaBGr ik oREDYR-RYES RlhAONG o£lih ShINRATINDS: vagery

tributylamne, triflodrotoluene, water, res ereo
preferred ehsoiversninamelie ovopPy Eete H@Wﬂ?)s'@sy \hat"éaorporamedamm hersopytierf.er r ed

enbodi ment , sui®ISRbMBIBS ofSORBHE HESmAY w,xéowoeat&ifm@@tegr(%@becbe%phéé@”ﬁed and
wat er, V\/nereby t he or?anl c solvent may nprise any of those previously

cited. 30 Preypaslysgioy é‘cFOP??C'f%‘eW'H‘rSEeP\m T"da"ffp‘ln%"é?"é‘l‘@j heredn by KETAROUAt  of
anhydr ous sal prefervgieenbodiniene tpr aless cagsisés Hedipphavacoiol (suMassy bdepgndi ng on

the exact pq' atngﬁoeréethsalgagg%an%}f 2t-pl;]rgpanol, butanol), water, and mixtures thereof. In a
further preferred embodiment, the solvent comprises 2-propanol. The amount of solvent

added during step (¢) of the process generally ranges from about 1 volume to about 10



20 skilled artisan. Accordingly, the anount of anhydrous solvent m xed with
the solvent will vary according to the particular solvent chosen! In
general , wbeommamws of anhydrous solid may range from apprastemiosieys 1 ng t o
approxi mately 1000 ng of anhydrous sofid per nL of solvent. In a preferred
enbodi nent, the anmount of anhydrous solid may range from approxi mately 10
ng to approxi mately 500 ng of anhydrous solid per nL of 25 solvent. In a
nore preferred enbodi nent, the anmount of anhydrous solid is approximtely
90 ng per nL of sol vent. Add|t| onal ly, the current process uses 5- vol unes
of sol vent tvelugies Jepting tamieyatrannisofsolved ingorppraigdgduring sise (@it dr e prefergidng from

appr oxi mat eley,u8Hmént! Qe ﬁﬂ&fn@&f %Weﬁtl MdeQiufin R?';?(c?@l* tH(t. br‘BE‘es& §en@ﬁﬁ§ﬂ rdn@Ql ed to
anmbi ent tenperature and the solution is a _Subsequent |y, 6

vol umes of dfm @BP%WEU"S’G‘%ﬁt@”‘t%ﬂ’rﬁ“'&f&ﬁd’éB“’(en‘ﬁlk*ier?d‘oa“ttoéts%h’enwddf‘i VBEumes of

sol vent), tReped)y$t &mbitprkdrRE embbtimynt] the mnno&embrﬂdd@admmgest&pr(yﬁafal s are
har vest e Cpe skilled jn the art wll reC|abé) t 31 the antisqal vent may
8’ 8i (P

conpri se “any SHPSFEhEEAIM FNESAFoy bk APt e £ "BTVERR Mol ut i on,
consequent | yamphrsdidlvegt adyisdudihg ftey @apt | on. It will be furt her under st ood by

the skilled artigan, th any_reaction ves

5012/ 040404peT USED (b A s e S CRTaN A, IR phﬁsee 'ré”?féf iBHSINUP it &0'hi 1 e not
af fecti ng t héerreaogiteradditibhal bevet cedeatibed in step (R bur prefetred eruludiman.

Further, they sf%ﬁb&)' e t¥ﬁ§e§§hrer@%h@g 1&%@'.?%&&1%% E%Ber&'ﬂf‘e rraﬁ%?g{ kGR mxture
fromli ght at “ahbi‘ént cohditions %/ means known I n i ncl udi ng
par af i | M0 Adaprexipaslyl 35° € He apriokimats yaf*i°| Sagyens | derieh pf eenr@zt"@at?lhathlrwe

reaction is nﬂhtlt&\/\@chpli)lgxmétew agﬁ%uisoro&nskm@umheoefn WilMBnd@Mfahd faie to al l ow
for the transformation fromthe anhydrous formto the crystalline

nonohydr at e '$8Hnefdime may o medidiad to 13@5 Het erpraxipaishe B0 mipgesesfteredidiati ons are
general 'y depprogha@ly efght BEWE VAR @e;ﬁftm@lﬂi@hqm mp@wha&v&t@mdnﬁa dﬂBl@SSUF e of

approxi mately one at her a n.t he

APbr coi at e FHEAHHOABA A 3B @ ey Mrpeapey st soigion s Shcedo

4-(5- pherSyl-témpﬁ;aduré hangidg ﬁmalap;ﬂeyinatw)wleaza:bmxm}mﬁlp{B @3. 1. 13" 7] decane

di hydrogen citra e recovered n the art
Specific exanril étsep {}?Xfrt;e%cgmcess cOr’ﬂantr'ﬁes d‘“%%ﬁ‘%a‘ i f‘f'tver"gmd%s"i“ﬁ‘a“ 8ver i

met hods. Theenewt faugingfrorfi |abmrp>atn|a®h Hrdintthetotdappmxiantit agipdoers.ure Stafeddr yi ng
maYy Vary acGenfg hesungusarPeRrechRARAIAGEH bR Abdikang of the

| nvention he i nvention a provi des p arnaceut|ca conposi tions
conpri si ng des ap aprraximelyl 30 efruies tor \geeaghiham @prypximately eight hours without

(4s) - 4- (Zr Pheptimglirotn fret b d@dmzpknvemwhogm)abl% exBRALY bICYPeRE Inad-mby 13’ 7] decane

di hydrogen citrate nonoh ate in combination with a harmaceutl cally
accept abl e dHPFEHe ”‘Fﬂé‘ee SREBYT bsep describrdpprgviqusiy ah%uhawsqtmﬂ fath szp

i nvention f qinasd akemcdrpgaied Gerein ﬁyhreQIFtﬁ!lceQr Irﬂ'@rp&fd’ﬂﬁﬂ-ehfb&dhﬁ]erlﬁh&ﬂérﬁaﬁ&utl cal ly
acceptable carriers reci at e_t hat 05 he

t her apeut i c &P Vlsg?? aéllpI a lé agﬁ%(ﬂﬁs[uclb?s Eut not lmlte\gnto meﬁlpﬁ)ol ethanol, 2-propan

(4s) - 4- (5- phenyd), agrdanti hhiagirazidred- \ih @xfynhet peetated i coipodiokd, Bl.e]soﬂlanﬂ] cl ecane
di hydrogen y e ng. on

ol crefen G S AR AL EIRY oS0 PS8R AR, 900 5
preferred erzbm"ma'm%s frpmeabe@inbeﬂvmattq guofo ('alsryes repgive to the amount of

4-(5- phenyl ~dydy %csgbagu%m.h Sep/laPX M) gfeézr@nt Lhisodm Al %he an;lu i f7sl>fé§,ﬁane

di hydrogen citrate nonohydrate ranges from appr oxi mat 0.19

appr oxi mat elagdedgbyging,stopafeg Rt thefPraches esemigllysarged ffom about ZTYféum@rt?nabOUt 8

" phar maceut ivgRnky, raxa@@pnbadaé an@aﬁtrdfesrowema@cdﬂﬁo%aedﬂ@urﬁignstemﬁmﬁnaa Re&t oxi c,
i nert sal | d, sem quid fill | uent, encapsul ati ng nateri aI

S
or formd%t |p6"1§e"e§(f"§’ﬁﬁ‘|"]ef‘tartv B‘Fw%fftsﬁ?ldém @8??9"‘@’%‘&@?%@&* HatELEsl s whi ch
can serve ageiphalymages fromadbbyt Aeaepésadl Bo@ad VdlOHS, RIRivE UJMhE Sinduitibfas

| act ose, gl ucos%n%ndogtté Egses ;z}\rches such as corn starch and potato
starch; cell ﬁl gs & ARd d‘ér 91 ves such as sodi um car boxynet hyl

cel | ul ose, et hyl Ster(f) QﬂthﬁSlEO(amiS diedcled lomeainaipdigabeas mpoawie né de sluag aant h;

R T TR L S G o



26 sesane oil, olive oil, corn oil and soybean oil; glycols; such a

propyl ene glycol; esters such as ethyl ol eate and ethyl |aurate; agar;

buf f eri ngvagernt@o®uch as magnesi um hydr oxi de and al um necThigdrie5166S
alginic acid; pyrogen-free water; isdBonic saline; R nger's solution; ethyl
al cohol, and phosphate buffer solutions, as well as other non-toxic 5
conpati ble lubricants such as sodium |l auryl sulfate and nagnesi um stearate,
as well as coloring agents, releasing agents, coating agents, sweetening,
flavoring and perfum ng agents, preservatives and anti oxi dants can al so be
present in tipintengpgsost thieotsmperetwesr i agr t@© shewld) gelepidentvithf thefempdétieed in t he
art of formiladisAass sdf\@).Phar maceuti cal conpositions of this invention can
be adm nistered to humans 10 and other mammals orally, rectally,
parenteral |y, inPER6D)f Siernapqess inyalves oeligeriba $yry forpylalinertp adpBRirdtyre

topi cal Iy (asnghyg RaVEpfofimaRiyisPERd sppfixifit@P$3° C Bie 8bénbddf agitoxdhatyal  or
nasal spray. The term "parenteral I% as used herein, refers to npdes of

admi ni st rat iTYAY PIRUFUE APPSRy dours. ¢ Howgyer (Ang rskilled, i dbsept tglleal |

i nt L ast enal ,un&dds}ﬁﬁidtt]ﬁhlﬂ&ﬁll@gthiolﬂti?a&fai' b€ mbdified tPjI@@fhiaﬁ)ﬁbp@d)ﬁmitﬂf/ 86 imdrutes

15Phar maceutical conposition or renteral [njection conprise

phar mceut | A1 L dRp PRI E A Fler P e PHERE JaBo . SReuPh B,

di sper si ons,insuotiype ngi 0 pefeored embddmondf ared (8), elrel femppamatesfsthé aolution is
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(such as olive oil) and injectable organic esters such as ethyl ol eate, or
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desirable to incf; LSOt 0 t.S,. | e e i chl ori de
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prolong the effect of a drug, it is often desirable to slow the absorption

of the drug embeaimenighemethebeidecorery fxprasigRcgmarises Hieagdifiona! steprptdying be
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material with WO 012/040404P§E/U8201 / 052668 %ﬁagoor ma%gr solubrlity. The
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di ssol vitlg FSiEeRing {REPaRUS e o PR ar PSR BRTEHEY i n
addition to70h€ active conpounds, can contain suspending agents,
In a further embodiment, the current invention comprises a method for producing
the crystalline monohydrate salt of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-

azatricyclo [3.3.1.1°7

] decane dihydrogen citrate, using the anhydrous form of the
30 compound as a starting material. This method comprises the steps of: (a) contacting
anhydrous (45)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1*"]decane
dihydrogen citrate solid with a solvent comprising a combination of water and at least one
other solvent, wherein the combination has a water activity greater than 0.1, in a reaction

vessel: (b) sealing the reaction vessel and protecting the suspension from light at ambient



for exanple, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and
sorbitan esters, mcrocrystalline cellulose, alum num netahydroxi de,

bent oni t eyoagero4agar, tragacanth, and m xtures thereof. pcii/udesiinsmes and f or
nore effective distribution, the conpgunds of the invention can 10 be
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sterilizing agents in the formof sterile solid conpositions, which may be
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as a solutign in_ 1, 3- e vehicl es, and sol vents
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any bl and fi%e e FGdi'n
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Solid dosage forns r oral admnrstration 1 nclude capsul es, | ets,
pills, powdehsprogasdagerihadiabaye Wikh vardspeseing g Hisseaed PRIGMAETS 59'1*@‘ b)‘ theor e

conpoundsy ofghibe atiShE A EBRlirlg®y, MeXBbukd $f+'hnﬁ}tdr$l§%§ll;ver9'?ﬁxéd1@ftl§ the solvent
pharmaceutical |y acceptabl e carrier such as, 5 sodiumcitrate or dicalcium

phosphat e art/ldR™Y &5corqing tg the Rgpticulat soyqelchoser;cip Bsaeral; the AReHnt of apRydseys
sucrose, gl Lgamsaay fmghnfrér@ hppr@ndatsmurﬁg/iol agpraﬁmdcelybl)oobmgctﬁraﬁhﬂmhsm

car boxymet hyleceL ? que @ %ég ﬁsé’ bg(ﬁl attl E gvfj Y BV | i di none,
ctcr oso " antPebBhol Fve) Raeisic e e ity Pt S Mg  ng
agents such fasn agoxiagaly, IOCxagao upprogimbeiyaitd, mp eif ahbydosustsajd peramst &r ch,
alginic ?SCi dsblvgnei.r t ql N Srlnorle C;?‘rte%rréd rr}l%oglr%gﬁtu%ecaalr’l‘l%&ga%fe ;anhydrous solid is
approximately 90 mg per mL of solvent. Additionally, the current process uses 5-
volumes of solvent to dissolve anhydrous solid at a high temperature ranging from
approximately 40° C to approximately 70° C. The solution is then cooled to ambient
temperature and the solution is allowed to seed. Subsequently, 6 volumes of antisolvent
30 are then added (making a total of 11 volumes of solvent), the crystallization slurry is
again cooled and the crystals are harvested. One skilled in the art will appreciate that the
antisolvent may comprise any solvent capable of decreasing the solubility of the solution,
consequently promoting crystal formation.

It will be further understood by the skilled artisan that any reaction vessel capable



10 e) solution retardi ng agents such as paraffin; f) absorption

accel erators such as quaternary amoni um conpounds; g) wetting agents such
as cetyl wbcotwl4ond gl ycerol nonostearate; h) absorbentsTaisedtiaszekaol i n
and bentonite clay; and i) |ubricant<s25such as talc, calcium stearate,
magnesi um stearate, solid polyethylene glycols, sodiumlauryl sulfate, and
m xtures thereof. In the case of capsules, tablets and pills, the dosage
form 15may al so conprise buffering agents. Solid conpositions of a
simlar type may al so be enployed as fillers in soft and hard-filled

gel atin capsiheldingdhereactieempiuse.orhilginpteBetathearsacsien wilbe asraptrdledn &icul ar

wei ght pol yelhyd 8MRntnY CPhrher, Tﬁ@reaalohobegeﬁﬁxgﬁ bk QEdI& Qf prbdll B Seacibnagees,
capsules, pills, and granules can be prepared with coati nlgc?u and shells
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rel ease of th cti en a de merl n .2band waxes.
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addi ti on tOt&rﬁt&reﬁﬁEbMﬁylﬁQﬂiﬁij&coﬁdh@té kifpinGhegidgage forns nmay contain inert
di luents commonly used in the art such as, for exanple, water or other
solvents. solubilizing agents and enmulsifiers WD

2012/ 040404 PEaraGR0d41 COhRG&EBn28X thalmbensisn et hyl al cohol , 1 sopropyl al cohol,
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esters of sor bi tan, xtures thereof Besides i1 nert diluents,
the oral corpbyerssuiisally cspepiblsocarife] Ul eQIpRViEPRSSCOSPSFG sempRands A thegent s,
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agents. Dosage forns fl%‘r? topi cal,_or transdernmal adm nistration of a
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monohydrate ranges from approximately 0.1% to approximately 99% by weight of the

composition.
The term “pharmaceutically acceptable carrier,” as used herein, means a non-
toxic, inert solid, semi-solid or liquid filler, diluent, encapsulating material or formulation
30  auxiliary of any type. Some examples of materials which can serve as pharmaceutically
acceptable carriers are sugars such as lactose, glucose and sucrose; starches such as corn
starch and potato starch; cellulose and its derivatives such as sodium carboxymethyl
cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc;

cocoa butter and suppository waxes; oils such as peanut oil. cottonseed oil, safflower oil.



15 The ointnents, pastes, creans and gels may contain, in addition to an
active conpound of this invention, aninml and vegetable fats, oils, waxes,
par af f i nswobermo4t r agacant h, cel |l ul ose derivatives, pecyashyliesmegl ycol s,
silicones, bentonites, silicic acid, 2alc and zinc oxide, or mxtures

t hereof . Powders and sprays can contain, in addition to the conpounds of
this invention, 20 |lactose, talc, silicic acid, alum num hydroxi de,
calciumsilicates and pol yam de powder, or m xtures of these substances.
Sprays can additionally contain customnar ropel |l ants such as
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Li posones am¥dreyfsaed blymrm%hyd&rx deup i"'q %mya%e%{faf’r ¥pEH NS ety st al s
that ar Sl di smérd eBﬁ.ﬁlngT Q&yﬁ?&&@”ﬁnd&déﬂﬂﬁﬁb F@ﬂfbyfscﬂ]gtﬁbnfs waéu asi.)chb(e?p hoi- tbgicCalbl y
accepta e an Oll za 0 ormn osones . e
used. The pf&@@%‘g 38%8%‘? 184S &h”%%’%@ Wga“f Wﬂ??‘?&?@‘b %f‘tﬁ |“ﬁe”aac7d| tion to
t he conpoundslotifig bdeats) rlkaditd agentsstaabind agkens,sswepreensg,rﬂfabmngemd @rfdminge | | ke.

The preferred I| ids are the natural and 30synthetic phosphol i an
phosphat | dy ey st RSSO e e BBRTRAT BRI TTE 1 ods

to formli pdsthepsigment ORW@\mllﬁmlntthﬁearmﬂforrr@@eonsm‘ or exarrpl e, Pr escott Ed.,
Met hods in Cell %I\eaJhgrglyaceuVQAIP %%gltxns ﬁﬁgﬁ%rﬁloﬁ)gm’adm\{gtg&{tg1hutNans J

(1976), p 33 et se Dosage for topical admnistration of commot i nd
of this iOnvend i oheri memmals ov@y,z09@24104mmpahﬂusmreyeaamesm@nagﬁ@uuers

sprays, oing E&aor@a@y kgl s By pbBerd GhidikEnt S RPN Buladly Bt %£5h stadar sterile
conditions wt har maceut i caly acceptabl e carrier and an% needed

preser vat i v@&sal Bips eme tgm pPFYﬁB@T"I"é’nta% useéﬂﬁ&ewm‘hr%wf Bedshi PLdmypigtratign, o

oi ntnents, pmﬂafgs lambemlsut.hmsusana alnsrpecidntANPhadseehags sbigiuageoss,t hi n t he
scope of this invent.i.on. us liquid 5conpositions of the invention also
are parti cul HPPSClardpiggtion Ci U1%Hhe term "pharmaceutical |y acceptable
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25 These compositions can also contain adjuvants such as preservative agents,
wetting agents, emulsifying agents, and dispersing agents. Prevention of the action of
microorganisms can be ensured by various antibacterial and antifungal agents, for
example, parabens, chlorobutanolz phenol, sorbic acid, and the like. It also can be
desirable to include isotonic agents, for example, sugars, sodium chloride and the like.

30 Prolonged absorption of the injectable pharmaceutical form can be brought about by the
use of agents delaying absorption, for example, aluminum monostearate and gelatin.

In some cases, in order to prolong the effect of a drug, it is often desirable to slow
the absorption of the drug from subcutaneous or intramuscular injection. This can be

accomplished by the use of a liquid suspension of crystalline or amorphous material with



The invention al so contenpl ates pharmaceutically acceptabl e conmpounds that
when adm nistered to a patient in need nay be converted through in vivo
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fromrat brain mnus cerebellum (ABS Inc., WImngton, DE) were slowy

thawed at 4 ©UHashed and resuspended in 30 vol unes of BSS-Tris buffer (120
mM NaCl, 5 nM KCirhe %Jdﬁ%l@d’&;l'nﬁlatl&nsm h@&:&ze@m& &anwwayrﬂlsatﬁh thrpigha. 4, 22

ICD:)er klsﬁmél ?rérl%%%t\? | %%‘g'g%if%rnoégy |5?°8g’ﬁ gggtghgingr? ge%‘)" gn}"bloi%ﬁgvﬁa%eos/em
al bum n ( BSAjompositions which can be dissolved or dispersed in sterile water or other sterile
25  injectable medium just prior to use.
Injectable preparations, for example, sterile injectable 'aqueous or oleaginous
suspensions can be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation also can be a
sterile injectable solution, suspension or emulsion in a nontoxic, parenterally acceptable
30 diluent or solvent such as a solution in 1,3-butanediol. Among the acceptable vehicles
and solvents that can be employed are water, Ringer's solution, U.S.P. and isotonic
sodium chloride solution. In addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose any bland fixed oil can be employed

including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are



25 MIlipore, Bedford, MA) were incubated in a final volunme of 500 pi for
60 m nutes at 22 C. Seven log-dilution concentrations of each conpQund were
test ed i rwoupiZetoe. Nonspeci fic binding was det er m nedpcm/ush@1psmsence of
10 1AM MLA. Bound radi oactivity was 2ol ated by vacuumfiltration onto
glass fiber filter plates prewetted with 2% BSA using a 96-well filtration
appar atus (Packard Instrunents, Meriden, CT) and were then 30 rapidly
rinsed with 2 nmL of ice-cold BSS. Packard M croScint-20(r) scintillation
cocktail (40 !'lL) was added to each well and radioactivity was determ ned
using a Packesdin thspeperatiqyof injesiblesment . The 1050 val ues were determined by
nonlinear regresgyRngdba f&rFrQSQf-torzﬁX&ﬁrﬂ ﬁnEt}anSanBM@Jeeca hle/ 2bBIAS, BREE

cal cul ated fromthe 1050s using Cheng- 2012/ 040404PCT/ US2011/ 052668
32 Prusoff &qUaEscRd sffeles o swfc&?w (dmsa[at.ﬂgg}ﬁdqqer@a)morsgpmpwéh bi%di ng

%31 1} ?PPB,mventlondls mlxer;i with at least r<’|)ne lnlert pharmczliceutlcally acce)ptable carrier such as

31-1] - 2-di net 15 6- n ri 5aa2aon|a-5
bi cycl of i‘izﬁ'aﬁ?té?ﬁe °f prB‘Fsr?g‘i“F\: ‘fé’ h@ﬁ" ﬁ%ﬁ‘@ﬂ Pt

determ ned Ua:tmg rmmsneangu@mi cnhendtoi,r aad i Qilia'lfcr amdr ab) bfnajeﬂs rsiJcrhUSas

cerebel | um or , huma rtex . { | m nat Pel | ts wer.e t hawed
at 4G, washeé’b°’ﬁé‘eﬂ‘¥§?8'é““ésﬁo?i%"a i %-??agh’ﬁ\é\fyy{“ﬁ @g”‘gtd‘"“%e’f' TR a" 3Fe94 Y 30
vol umes of BE8BeTaits simbf ﬁ%rgly(tqrm’;) dyvliNat€dratiry  agdnt<Cduch Z%HMaCa@Lanlﬂurm\/l MyC12,

and 50 M Tr, gr%orgl'e Bl or Tapicd lt%gangﬁ‘x'{lc Lu&? cghiuh'%h Oftes, Jng %&ﬂfhec'ﬂbr @atté ons of

t est conpounds con al ni ng 100 protein, - DPPB
(62.8 Ci Yonms) sol@wevtarmbg)egemsmqbsaf pweffﬂe ﬁ)ﬁb,sewaplwcﬂﬂra@rsrslvﬁae}s q\veipnnw of 500

I A for 75 MattcRfimAtcoth dn@s ?pl\b&tﬂ;geagmn ssdRe @l fdefy1 bhiboNhnagiydesier m ned
in the presence of 10 hyl I ycaconi ti ne. Bound radioactivity was

col | ect ed oﬁ“WP?‘?ai'aﬁ%rhéa‘R?BTbF‘i‘tSé‘fcéé‘ﬁéa"r‘u'ara{)‘égfnt%‘l“atc@é g8 ihlBdIAR SEhvAst h 0. 3%

PELI us:]I ng a taCadih @ei.rhtehaagfeﬁnﬁrs,tearaﬂé smsb@sﬂetwlénla dyRlsikodige1a@f1d buffer,
an radi oact |

it s determ sing .a Packard To n cropl ate beta
counter. | Cébl\éi}%l%ﬂ%g“%f‘set%ﬂ@?#;3?11‘%5?856%5; C?f’é}?l]f“i ﬁaé’gﬁ's @Bg’ﬁgséf fsapporm
M crosof 5 r)md;_z)aaelcorﬂp?nséblsf&ymgx@hﬂr er K, values were calculated fromthe
1C50s using the 9]?1 N@m %sutlons bf &9 tg[r)]% Flley elso be éné;%_lc))!e a(s)/ﬁ{lersL ogtan 1/ KD)

[ 31- 1] - DPPB was oObtain aceor ar n ‘on "proce Ut%es"descri bed
bel ow. 20 hard-filled gelatin capsules using lactose or milk sugar as well as high molecular weight

f Met hy1- 3H]| RN RS- (6- phenyl - pyri dazi n- 3-y1) - 5- aza- 2- azoni a-
bi cycl of 2. %O%ﬁ@t anggyc |[sod| de Preparation

[ Vet hyl- 31- 1} 2, 2T yobie Wytags farme . op kélelpl diggack. dapsules. kst podsgrapdesxaneni abi cycl
of 2. 2. 1]ﬂ)eptp9é]5§ned Wi icslRingishd shenls b8 af Skeril cokdREBardl Juc: BEhASSRY - 1BRAKE was

prepared 25according to the follow ng procedures. Step 1: Preparation of
t - But yl in the pharmaceutlcal formulating art. They can optionally contain opacifying agents and

(S, S) - 5- ( 6- Rherysb- [y bf diazénipoSitiy )thal, theyd irélZasd ity atide 2ingredidMEPtaane-o2- car boxyl
ate preferentially, in a certain part of the intestinal tract in a delayed manner. Examples of
materials useful for delaying release of the active agent can include polymeric substances
25  and waxes.

Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non-
irritating carriers such as cocoa butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body temperature and therefore melt in the

30  rectum or vaginal cavity and release the active compound.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
active compounds, the liquid dosage forms may contain inert diluents commonly used in

the art such as, for example, water or other solvents. solubilizing agents and emulsifiers



Triethylamne (20 nL) was added to a suspension of t-butyl (S, S)-2,5- 30
di azabi cycl o[ 2. 2. 1] hept ane- 2- carboxyl ate (3.43 g, 17.3 mmol, Aldrich

Chem cal worperads0and 3- chl or o- 6- phenyl pyri dazi ne (3. 30PgT/UBZ013/082668$ ,

Al drich Chem cal Conpany) in toluene 2950 nlL) and the m xture was heated
under nitrogen at 100 C for 7 days. The dark m xture was cooled to room
tenperature, and the resulting precipitate was WD

2012/ 040404PCT/ US2011/ 052668 33 isolated by filtration, washed with tol uene
(15 nlL) and dried under vacuumto provide the title conmpound as an

of f - whi t e sahdhcas(ethydalcgfol, iTtpeopl| aleahat sthyaearkonare.cathyl atasate, vyl Aleohobsi due was

purified by b@.%umzem Oﬁ@ﬁﬂ&%aéw%l Of. Eﬁf%lkr?ea%lggdl dlﬁleh‘] lf&%a}%&eh oﬁ§ oy

acetate, to provide additional produc Wg 56%
M5 (DC1/ 1\ 1H8ficyry caftpgsesd, gwﬂ)inm O (BEDR, qbwwa%t%rt Premseéffme( glszs)glyz:f t hy

5- (6- phenyl 't@béﬁ}dii&fﬁiaﬂyﬁa‘lébﬂ)l' %ol§etﬂ§'l@f7ea€y&]/scirﬁf ity adid NSREsad sorblAg zQIEiOdUCt
obt ai ned from Stgfhfrl(?’ was dissolved in formc acid 10 (20

n) and Pr edRigyre ﬁ°$ormal in (37% by weight, 1.0 g, 12.3 nmmol). The

m xture was heat Beidt inkRQilGerts) thelorfidmposiitils tarealy ﬂWﬂdeS&ijlWahl@@udh% cool ed
to room tenperat ure and concentrat ed. under vacuum The residue was purified

by col um chYSR&eedY aﬁ'ﬂ‘i}s‘ AEAn SERGHE 28Rt Y Re RV eHEECE™! P - NHAOH
(95:5:1) toapenovi de the title conpound as an off-white solid (2.50 g, 96%:

M5 (DCUNH3) m 7 t .

OF FSHL (5. 5) - 2. 200r et A T p@eabicl Raochlal BRIy o accompqung o i

azoni a- b||0cyelh\t9["2>n2m<.ﬂ£l¢ﬁepmmt51 padiedecr¢qngHJotiDmPBYls, powders, s¢l@iond, | sweayhyl i odi de
in toluene (4Rln@Tr fafdnd: 1a rﬁesnreﬁio@péﬂﬁ‘}lf P REARANs Bafixed ahel edrihem cal s,

Inc.) was conbined with a solution of the product obtained from 20 Step 2
i n di chl or ofetdiiaRe Wih. a7pBrmggeutizalypaccenighlcecariier @nd gnyypgededrpisepyatives@is capped

and the m Xtouf@s \A@ﬁlayabé RYEkdt OpheRmtic Wﬂﬁl@il(ghtaar%pd' @perrbm@rréﬁ@rﬁme.@
Met hanol was gwged and t he sol ve ts were ev%Forate |ve 42 nCi. The

product was PAISHION? HsopiRaRlied AoPeERY S0P Sy fnvensioey ep 4:
Puri ficatsi on by Fhegbinfiehfs0paraCcaednisgand helshindmasridgi, sip idditibiPkdChn Abbat 7 nCi
of [31-1]-DPPB wa ”n$ evapor at ed to dr he.resi due d| ssol ved in

cqQm this invention, am %2 z%nd tt 1 €s, pa star
total about “GTBPHAf %At SR &7 W/%t%’ VPRAI Big il Viaes R3STIR: At v 0. 9
tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid,
talc and zinc oxide, or mixtures thereof.
Powders and sprays can contain, in addition to the compounds of this invention,
20  lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and polyamide powder,
or mixtures of these substances. Sprays can additionally contain customary propellants
such as.chloroﬂuorohydrocarbons.
Compounds of the invention also can be administered in the form of liposomes.
As is known in the art, liposomes are generally derived from phospholipids or other lipid
25  substances. Liposomes are formed by mono- or multi-lamellar hydrated liquid crystals
that are dispersed in an aqueous medium. Any non-toxic, physiologically acceptable and
metabolizable lipid capable of forming liposomes may be used. The present
compositions in liposome form may contain, in addition to the compounds of the
invention, stabilizers, preservatives, and the like. The preferred lipids are the natural and
30  synthetic phospholipids and phosphatidylcholines (lecithins) used separately or together.
Methods to form liposomes are known in the art. See, for example, Prescott, Ed.,
Methods in Cell Biology, Volume XIV, Academic Press, New York, N. Y., (1976), p 33
et seq.

Dosage forms for topical administration of a comnound of this invention include



mL per injection were nade onto a Phenonmenex Luna C18(2) colum (5 mcron,
250 mMmm x 4.6 mm I D) using an Agilent HPLC system [3F1]-DPPB was el uted by
a gradi enwo2017mbioke phase from 10% B to 20% B in 20 m mCriuse@ 10bisks e Phase
A= 0.1%trifluoroacetic acid in water3tand Mbile Phase B= 0.1%
trifluoroacetic acid in acetonitrile at a flow rate of approximtely 1
m./ mn. Peak detection and chromatograns were obtained with an Agil ent

vari abl e wavel ength UV detector set at 275 nm The fractions WO

2012/ 040404PCT/ US2011/ 052668 34 containing [3Fl]-DPPB were collected at
appr oxi mat elppwders.ipigy etroitsanddphalgis| die aptvgcrmaprngdds méed apder pigElef r act i ons
were conbi nedndiihs it §%¥r§ﬁ£e’$mm&eac€éb?a®£éré’afrﬁéﬂ dnfl a\ﬁ?%éhed'rﬂ}é‘sefv@ﬁ\}e@ue was

di ssolved in 200 proof ethanol (2 ni) give 0.7 nCi. 5Step 5;

Det er ni nat i HfTeF opaiepeipntsn Prhihalaig f%msaleffqnm QY ointments, powdery afﬁppﬁf'&%%s assayed
using an Aglahﬁﬂﬁso l&rﬁ’@n;ﬁa&éd eﬁb&r‘ll?gu@.myxsmergwparm @isi iAgknB6n. @ AQuedueriiaidy punp,
an aut osanpl er, hot odi o e arr e% ctor. A Packard Radiomatic A
500 radi actCPWP?V'OB%? é‘get'BYe" %90*?‘:‘?1%"5%/%' Y $54Ye HPLC system For

radi odet ecti on, @hé@6n Fpharhhoauticaky laccaﬁtdbla pibdiugt at i“proddug,Ulak iusaal kdrein,M

\SNg'rgt L)le:,?g:ﬁgpégsgrﬁs h%‘éeg, %ﬁ% ogthnlég:)lcz)r% %ﬁa %ftg{’“%‘esn%oT Which gsegvnh.m% s%‘cl)’][%g%sﬁfn y
4.6 nm D). OTheundumdlcel Jpthersat, cotablesfoe dseoih cantgqtadihetm tisstesr afihugrand ad 10% B

and ranpi ng 2 [ t b 0,909 1 mnute
and hol d at ] »8%% Qno{%ﬁs Mthr%ﬁgtngl{l@g ﬁ)?(cgtt? lrﬂ\%ﬁg" Mle aseéﬁgnsg arg(p 1/343 Ifkg

trifl uorBacepingmentyrage Vit M‘taé?nab!ﬂd’emyr'ﬂ‘efa%a@é eﬁwlﬁe fay,thair *Pteaéﬂdo‘é%t ic acid

i n 15acet oniggdrhdg- ofTrIaamfelnewl sﬁt& aaaény&?ahsfa#neampr«ms't@a @Jem donfpbiif 6F and the
UV detection was se oun s of the invention

had K, val ué®& 6f(51PP?5‘PH b%lﬁ‘!'a‘bazfl fralesyol- %“"ﬂf"&%&ﬁt‘ i@FCi‘ﬁ"'cr oY 4PEsRhen
tested by tharaEeSH]mMaAatasﬁ)axéxarﬂmybyh@amglsammocmf hemsrotighadiscusdidiC Isonol ar .

Q her preferred bin 0 val ues
of corrpound§r%"1’de§ Wqﬂ%‘é‘%t ?"8 ‘H'rég‘; °%F%Fnasa%%’)"§%6'wfryn§ﬁ Ckéﬂgto(g t | east
10 m cr orsol a.C. SSSympopnuafEEeneednctmnWmUB Roche.lpid}, BibrgesiieCarpeat énDyugat a7

receptors cqupared to a4l a fack elpAEs%’ Fation n%l:%?tar%r r'%%t(l%’%"f such preferred
conpounds typi €& 1Y COnsider e measu y M.A assay in

view of the K, v&hmélvasiom@sucroewrmweﬁaHPrn@yttwtlsallmeacbétMIeng)mmu@ds thitat in the
formula D = Mn?’ﬂl’nﬁmgtbéa N }é' p%’dﬁt iR 'n§edg';rﬁ9t 6 converted through in vivo

biotransformation into compounds of formula (D.
20

Determination of Bioldgical Activity

To determine the effectiveness of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-

azatricyclo[3.3.1.1 37

Jdecane dihydrogen citrate monohydrate as a ligand for a7 nAChRs,
the compounds of the invention was .€valuated according to the [*H]-methyllycaconitine
25  (MLA) binding assay, or the [°’H]-DPPB binding assay. To determine the effectiveness of
representative compounds of this invention as ligands for a4p2 nAChRs, the compound
of the invention was evaluated according to the [*H]-cytisine binding assay, which was

performed as described below.

30 [’H]-Cytisine binding

Binding to the a4B2 nAChR subtype was determined according to conditions

which were modified from the procedures described in Pabreza LA, Dhawan, S, Kellar

KJ, [3H]-Cytisine Binding to Nicotinic Cholinergic Receptors in Brain, Mol. Pharm. 39:



25 than about 50. Alternatively, the K value as neasured by [ 3E1l]-DPPB
assay can be used in place of the KI MLA such that in the fornula D = K1
31li-cyti swe2012b0431- 1] -DPPB, D is greater than about BOT/US2011/05%668rpounds
of the invention are a7 nAChRs |igandd and/or a4132 |igands that nodul ate
function of a7 nAChRs and/or a4f32 ligands by altering the activity of the
30 receptor or signaling. The conpounds can be inverse agonists that
inhibit the basal activity of the receptor or antagonists that conpletely
bl ock the action of receptor-activating agonists. The conpounds al so can be
partial agorfr 5 49%haYlepbiprg aricReddrasidgas diompet brapl mipupesrebphyre (AB2 Infz nAChR

receptor or \ﬁ%ﬂ%@k SDE)RAdre ﬁ&bl?ﬂ?&%d hiheed, QagiRl ahd reﬁsMUmntz@vol\A@es of
2012/ 040404PCT/ US2011/ 052668 nicotinic receptor also triggers key

si gnal i ng priocessdufieni Y v hat st F‘%gclwﬂﬁé&achﬁd“'ﬁh'ﬂgﬁ'ﬂé? 2 drigy
pr ot ei n- pr otpei N4,iarvcer Bﬁﬁpl&%mﬁhaﬁg 160-&00 ﬁ@@ﬂ'ﬂrash ah®0 95 hecPis)- @msme(wr y,

cytoprotecti n atl on. ds of
the Inventi ()CT(‘)/']'"'“OQPe‘peekl ﬁB C'E'lfﬁﬂbé (fftr“‘ o%?toBf r%{}‘é‘hbtaf H" ar e useful
for nodul at ifmgl woheneeff 5@ hls f(mf75 nmmasm %(hcfsenmleg—pamttohcuicamtfayorabf BREhRs. | n
particul ar, cgmgvenﬂg%q& A 19919 iERTPOS %pe QRS blﬁélngtd\?/gsd %r%g]gc! @rt]hecpafgs lpc% used for

treating or i sorders no i'ca such
di sorders ca?rﬁ llﬁeul\drfe)l-mmﬂat eBdyyd sellceetuwllve\lva,s mi@tgd ézvlwaglunoﬁttheora'eintnAChRs in

a manmmal , P E bikesPtteR ik i [ Hhoe, GRETBALIMALLsiFEONBESIch Aifauh t NE

i nvention, &ither & one or in combinatlon anot her active agent, for
exanpl e, 10as appargtusdPackand Hestramenis iMerideny G pnd were then rapidlyzyinged vign2 miLies

i nvention re&eaaoﬂsBSs)baffagtMM ﬂﬁcﬂ?sf 1%&4 k@gz QM Ria€¥2Yh MG € 0N dPickRES |
di sorders or deficit nicotinic acety Igchol i ne receptor,

an a4132 15 “f'l‘i"i?éf‘f“rﬁo sgiaiiasiop ﬁ?ﬂkfaﬁé“? é&bﬁ?so?ddé‘? g5l Walt aawdaoaatyzy ni cotinic
acetyl chol i metefrﬂﬁ@jptsmg a\/ﬂﬂa{aﬁi mptbem%mrﬁdnenrhedcgo%m@srwer@aetdﬁﬁﬂeaIbp i's
selectedfromlt egrou EAS ft;%j meno kewﬁhsor Eg |ti§e

di sorder, nédPY¥Gedi W@?&Pl"@) lergzo ?od%ﬁ%"rr%p UeF TSy late €

conbi nat i5on ICheusdgfthcOpg-Paisoffequatinnnwbdre Ki+ MRy/@F[laganti ppeuti cal |y suitabl e
anount of the crystalline salt of

(4s)-4-(5-phenyl -1, 3, 4-t hi adi azol - 2-yl oxy) -1-azatricyclo

20[ 3. 3. 1. 13:[itieieimdlytasoniting (MirAnbinding] ) Ds' (1) ;

Binding to the 7 nAChR subtype was determined according to conditions which

were similar to those used for the [*H]-cytisine binding assay. Membrane enriched

20  fractions from rat brain minus cerebellum (ABS Inc., Wilmington, DE) were slowly
thawed at 4 °C, washed and resuspended in 30 volumes of BSS-Tris buffer (120 mM
NaCl, 5 mM KCI, 2 mM CaCly, 2 mM MgCl,, and 50 mM Tris-Cl, pH 7.4, 22 °C).
Samples containing 100-200 pg of protein, 5 nM [H]-MLA (25 Cimmol; Perkin
Elmer/NEN Life Science Products, Boston, MA) and 0.1% bovine serum albumin (BSA,

25  Millipore, Bedford, MA) were incubated in a final volume of 500 uL for 60 minutes at 22
°C. Seven log-dilution concentrations of each compound were tested in duplicate. Non-
specific binding was determined in the presence of 10 uyM MLA. Bound radioactivity

was isolated by vacuum filtration onto glass fiber filter plates prewetted with 2% BSA
using a 96-well filtration apparatus (Packard Instruments, Meriden, CT) and were then

30  rapidly rinsed with 2 mL of ice-cold BSS. Packard MicroScint-20® scintillation cocktail
(40 pL) was added td each well and radioactivity was determined using a Packard
TopCount® instrument. The ICsp values were determined by nonlinear regression in

Microsoft Excel® software. K; values were calculated from the ICsps using the Cheng-



wherein the salt conprises dihydrogen citrate having formula (I1) WO

2012/ 040404PCT/ US2011/ 052668 36 (11). The invention al so

cont enpl avexotdnao4mt hod for treating or preventing a comdirtusen 1062688 sor der
nodul ated by an a7 nicotinic acetylch®line receptor conprising the step of
adm ni stering the conpound
(4s)-4-(5-phenyl -1, 3, 4-thi adi azol - 2-yl oxy) - 1-azatricyclo 5
[3.3.1.13" 7] decane di hydrogen citrate nonohydrate, wherein the condition or
di sorder is selected froma nenory disorder, cognitive disorder,

neur odegenerbaysogquationd wherg Ko d v el obiesnddKoXdi sor der . The invention

al so contenplates a nethod for treating or preventing a condition or

di sorder nodul ated by an a7 nicotinic acetylcholine receptor conprising the

step of 10 [HiRERBgdingg t he conpound
(4s) - 4- (5- phenyl pPi- @PﬁBﬂ[ﬁPﬂQS@?-@b-dané(ﬁﬂlXXé pﬂen?ﬂ%‘nﬂhz%‘gﬂyg sta3a-3-alenla3’ 7] decane
di hydrogen citrate non ate, wherein the condition or disorder is

sel ected ¥ rch‘ﬁy&l?[tzezn‘t]'i‘e(?f?“ﬂéﬁdfd& {binging dp dher a7 aA¢hin sybotRe A ORFIMIRRIEINECt i vity
di f, or deL ( Amrdla)b,ranélelah@aémactﬁmd |f@2?%€brgﬁmun€mdr@5ﬂlﬂg 3k mgmaq bcmeal(xégs nt, ;

schi zophrenia, senile ntia, enmentia, Pick's disea enentia
associ at ed W't hgf g\hﬂﬁtoé‘o&%’s%’euﬂ'ér?ﬁﬁ? ﬁ’?we‘igt é&d@ﬁ'@?ﬁe@dv&e%“ﬁpeﬂiﬁnwg h &yndr ore,
anyot r ophi ¢ Hoytreii ala sihgb0BInS0 vbluiies SRRSIATS bl ffergazEnMINGGI18 SNEKCICHS
function assggi ated umatic b n_i.nj CHuteg t-surgica
pai n, chroni %p%l‘cﬁ ana'tw“% a?hﬁsrl'fjosﬁ)y F/g:rns bf‘ pl1u)hT%e I nv vef’nloﬁgqﬁ'm
cont errpl Ht eoacentetibudoff test cbunatamdngm@nnupg mﬂeaﬂt)mggofa)r@an,darﬁlmﬁnur[ d]-sor der
modul at ed by @75 B/l Raby. /gt%togfm&?tvle@%c[l GRAR BFinAQREL SF 5B i i Step of

20 admi ni stering the conmpound
i azol - 2-yl ox79)mlnut9§zaat4r¢ iyduplbicaleg. Pgonispg_csﬁql] @fb'@aw ctsrerrymdngéhﬁ peeneet e

nonohydr at e,oWh&F einBrhfilRadeRitAd. t | CB"buﬁ'J th%éb'hdi%f W 6IMcE@PRReMiflipore The
i nvention al so conte I'at es a d fo ng or preventing a condition

or disorder WH@H’%@@aﬁﬁstQﬁteéfBrﬁf%B%kF‘hWBh Qé%’tpﬁl 4Fg # Reckprd celbbasyes€hbnpr i si ng
the stepisof wadedadd Nb stl1qEd-coid bikTRr,CAOPKIdACkivity was determined using a Packard

(4s)-4-(5- p 1.3, 4- th adi azol - 1-azat.rigycl ov%3 3.1.13" 7] decane
G hydr ogen” Py HPEMESTRNG BFAFET T ComabTEAe sy IEoaN Ry Briapreson
anti psychot iig Microsofi® Hxeel driiseaytExplorenl Kovateswerglaktieed dromethdtilosfsingt r eat i ng

or preventi condi t on _or di sor C i coti ni
acetyl chol i Ege C;’heeB%pf"SOflf A & ere 1c;§37@f1#1 "%ﬂlf{gya[gﬁl ni s ef or?éa' ﬁe
conpound (49)@0ﬁdlééwpﬁmlgplasaﬂ.9r89rdseﬂhﬁa®sta®©d befow/| oxy) - 1-azatricyclo

[3.3.1. 1% 7] decane di hydrogen citrate nonohydrate, wherein the condition or
di sorder is inf ert| | i ty, | ack of CI rcul at| on, need for new bl ood vessel

gr om h assodMgther IR QDAL VI DY 1043 =Y Zrhdzema-y circul ati on around

a vascul ar q;&knuﬁzlzonhep&%@docf,&rpraﬁwn@rl ood
[Methyl- H]2,2-d|methyl-5-(6-phenyl-pyr1dazin-3-y|_)-5-aza-2-azonia-

bicyclo[2.2.1]heptane; iodide used in the [?H]-DPPB binding assay above was prepared

25  according to the following procedures.

Step 1: Preparation of t-Butyl (S,S)-5-(6-Phenyl-pyridazin-3-y1)-2,5-diaza-

bicyclo[2.2.1]heptane-2-carboxylate

Triethylamine (20 mL) was added to a suspension of t-butyl (S,S)-2,5-

30  diazabicyclo[2.2.1]heptane-2-carboxylate (3.43 g, 17.3 mmol, Aldrich Chemical
Company) and 3-chloro-6-phenylpyridazine (3.30 g, 17.3 mmol, Aldrich Chemical
Company) in toluene (50 mL) and the mixture was heated under nitrogen at 100 °C for 7

days. The dark mixture was cooled to room temperature, and the resulting precipitate was



WO 2012/ 040404PCT/ US2011/ 052668 37 vessel growth associated with

vascul ari zation of skin grafts, ischema, inflammtion, particularly those
associ at esownidn4ndveumat oid arthritis, wound heal i ng, an@Cotuser11/052668
conplications associated with diabete. The invention also contenpl ates a
met hod for treating or preventing a condition or 5 disorder nodul ated both
by a7 and a4132 nicotinic acetyl choline receptors conprising the step of
adm ni stering the compound (4s)-4-(5-phenyl -1, 3, 4-thi adi azol - 2-yl oxy) - 1-
azatricyclo [3.3.1.13" 7] decane di hydrogen ci trate nonohydrate, wherein the
condi ti on orsodftesidydi@iration, washed el talvenen(Ed ghbens dsfed dindes vaeipem psMidenot h a7
and a4132 nigkOfeMompbHaeRER bE-vAif sblﬁp&'o@%f) eGhe AIES Svak RGcEHRAlhERel ON
deficit d| sorder, attention deficit hyperactivity 10 disorder (ADHD),

Al zhei ner' s Tende3@s Py by SpINEN CBIRTRICRTRRNY ?Pp%‘ﬂ“rar%éhﬁ'”“%ﬁiﬂiﬁbﬁraéﬁ?‘% senil e
denentia, AkPsodREBMitichal frodiki @.401g5 RAS §ieldRMBAS68) AMBO@AMNHL) Wi I53Lewy

bodi es, gementl associ ated with Down's syndrone, anyotrophic |ateral

scl er osi ngton's di sease, inflanmmation, arthritis of various types,
snhoking cessation, nicotinic wthdrawal syndronme, traumatic brain injury,
acute pain, post Psurglcalf pail_ -Me?hStl? arthritic pain, ,loneuropathic and
mflammtor thod of the

i nventi on, ibixytlo@iZoghdptene not | i mted to those specified in the exanpl es or
ot herw se speci f DARE, | at e ffinity
for, nAChRs, andlrﬁr%;rr}é%ﬁart |%Slf%ﬁ1r]stggjp& ﬁ&%sMImFIS%%S%ﬂ&%ﬁgg%g t he
corrpoundlé) 0f(2Q k) andviesated with é@ﬁlalye(fil]%@fym/e'ﬁm)rl @ hd 28rmermel e e Toiktufs wasent i on of
a 20nunber QfaaratNOFRrB dodt Gich HE 5RAR_SILRIN wRREbIE BN8om tlpkAlUR FRMPOUNS
of the invention includes, in addition to affinity for a7 nAChRs, affinity
for a4132 nAehfeatrated under yagpurpy Jhp residug wap Aemified ByaGPlHE EHOBHOREPIY O"pl ay a

lSl gni ficant shRk gendnuta@m@mglchgnoh MEH JOH®b 500 prm%ad? n@5<>gﬁ@gngi§8621‘)
ear ni ng, nenor 1 O
2002). As s(J&f! ng hlt‘? fj’ifﬂggg 36%’5 EE'P%E‘N@%) "t/ﬁ%‘SN% ment of 25 conditions

and di sorsders related to nenory and/or cognition including, for exanple,
attention deficlt, disard | it hyperactivity disorder

( ADHD) , Alzeg C‘3 Pre 9 qr yridazin-3-vyl 2§I|e
denentia, AlaBRidepwi flerent i a associ at ed W th Lewy

bodi es, and deneni, tﬁﬁsgﬁ.hﬁtﬁqom&eh(zgp%t.smsw MBs @R hnfcogni tive

deficits associa i zophrenia. 30In addition, a/-containing nAChRs

have been sHingiolabgebehamicats Ined Mahcanbeneéy\t"bprseitlwqf\v'@ Reddugicobigingdl framc ot | ne

both in 20' tr§?ep(2]19%%io?omeﬁlan§g) ﬁ@%gBEQGQInUI%%)G 4SJ mL‘)-| The]wal M:'ay&ﬁy?gd andR€s.
565-572, 2001) and in vivo hi nohama, ~ S. ., Brain Res 79: 359- 363

1998) . Mor e thraamixtweWay Rowed éfm Feseleqyemighhel reﬁm mrqtqrés Mgthapg! aras 3eésgr essi ve
CNS WO 2012/ 94 4 Q4R&GTY m@%%éﬁéa%éve 42 mCi. The product was taken up in methanol

for HPLC purification.

25 Step 4: Purification by High Performance Ligquid Chromatography (HPLC)

About 7 mCi of [’H]-DPPB was evaporated to dryness and the residue was

dissolved in total about 4.5 ml acetonitrile:water:TFA (15:85:0.1). Approximately 0.9

mL per injection were made onto a Phenomenex Luna C18(2) column (5 micron, 250 mm

x 4.6 mm ID) using an Agilent HPLC system. [°H]-DPPB was eluted by a gradient

30 mobile phase from 10% B to 20% B in 20 min where Mobile Phase A= 0.1%
trifluoroacetic acid in water and Mobile Phase B= 0.1% trifluoroacetic acid in acetonitrile

at a flow rate of approximately 1 mL/min. Peak detection and chromatograms were

obtained with an Agilent variable wavelength UV detector set at 275 nm. The fractions



38 disorders, including, but not limted to, Al zheiner's disease,

Par ki nson' s di sease, anyotrophic |ateral sclerosis, Huntington's disease,
denent i a wot2bhi2igmp4bodi es, as wel |l as di m ni shed CNS f uRcriusoinesishs i ng
fromtraumatic brain injury. For exam@ e, the inpaired function of a.7
NAChRs by (3-anyloid peptides |inked to Al zheiner's di sease has 5 been
inplicated as a key factor in devel opnent of the cognitive deficits
associated with the disease (Liu, Q-S., Kawai, H, Berg, D. K, PNAS 98:
4734- 4739, 2001). ay sel ective Ilgands can |nfluence neuroprotectlve

pat hways | eaditriging d’HileRRRh e ghlodehalr WP&tlemelbf14trheulteauSIp$ en edgilentwhose
hyper phOSphcffa}!tlicﬁtdoﬂQctérS ’h%qﬁ‘écﬂgrg \f«é}ﬁ BRHHQ AR thé ls@i(/é/nté @Qrg | SadoPlidi®ii On in
various tau rel ated pathologies such as Al zhei ner’s i sease and vari ous
ot her dement'Pes: (FB?’teﬁé‘l*e%%SdéFO‘VedSJb%OOm@tfﬁ@%’&'@rmb)tOZU@@HB@E 325.6). The
activation of a7 nAChRs has been shown to block this neurotoxicity (Kihara,
T. et al J. Biol. Chem 276:. 13541-13546, 2001). As such, sel ectlve.

|i gands that@rhidsiesmisstion.of Pusity and-Specilig AUV { he' deficits of Al zheiner’s
and ot her neur odégpnepawayessayeaeasgax AdlephR07 sai%amlﬁacayﬁan bengrtipedan

inplicated in aspects of neurode el o t, fqr 15 eyr nesi s of
Lhe brai e (RUARIMEY b af SHoRERIT B Ralodisin rome Y i1 A YA 98T G
2003; Tsuneladiomatic at 50 ra,dxoictnvmnymeotbr w(ak_@mima):d Bel Thel BOLC 7Q5ste@00Byr Adans,
C.E, et al ap Brain Re 9: such, a7
NAChRs can B%dm@gtgeth" m ref%/"é“n 5! anﬁ §(?tr?"é)a f%ﬁnt'gm c%‘ﬁﬁ} ﬁ"gﬁlgt'%‘rc)og(tﬁtf’ders
assom at@d WAL mcvtplalphadwneuusﬂdéﬂhelamqmymw@re poforexdumsplge Retnrophienri a. ( Sawa
A, Me CH ver, o] i |ty for
a4132 neur o%e{fg(%%i%%@w ﬁ?%grr(e)rge%%bofﬁgl %ﬁ%%q@v% Zneo\rélhés Eh;ﬂé Q(Ehs% CE OIP

attentive argerdEoigatarting witth 1% Bravd marepingnto20%AB im2crainuies fdlbwed hsatamatﬂe r eI evant
to attentions ok BCity MNBETAE hoid it Y004 BSBF 8finutb ke MALAH BIBASE Chpy,act eri zed
by core symptons of hyperactivity, inattentiveness, and inpulsivity. For
exanpl e, ABTiflupgacesics gpiq ‘&g‘ﬁﬁ?'s?“datM%PAﬂEB@W\lF%‘ 05 Yeftriflyoseaceliss 24i¢h Byar i ety
of preclisni GadonitdR. ABE AL IrQE waDGEhtSpprbBTadl S A0MiRkSt 8¢ 6§ defeaitmdesmal 1y,
was shown in a ﬁ(%ntrol led clinical trial in 32 adults to be effective in
treating ADEfY 2t d®heral, and attentional/cognitive deficits in partl cul ar
(Wlens, T.E; Ei’@féﬁédrwmpodnds oBpe neiition had K; vaBas bf fomdbgut Brinas@yolat. ;

Monut eaux, ano PoI i sner,
D. The Aner :Y(lf:%nhflourrnhcr md'?r “ﬁie" tﬁggebl’y )}&( HB@&@%‘%"(@)""YR@@% alglséif Igss ™ 30

Li kewi se, ABRn4l mi@omblawe Qtigr sprfgﬂaald @mpedrids claoynsirated [{H])i@tisid dindinger ' s

di sease | Rhpued W Teofiffuna@ offHe 36 ﬁﬁéneﬁsgeﬁrmsﬁou@b 1 30 G 1o BPRaREEN ShOWN
in rodent and prinmate ani na mode rove attention, Péarni ng, and
menory def i @ii¢rgmolaBT-S0B9 mﬁerreiinmmpnfbmwltagem@t potlewrvmtblwcnﬁiorhas shown

efficacy in b NJ t rd Ln..ad 0 0. cogniti .

2012/ 040404|5%1?§1"|Ji Db %Eéfg‘ggrs'3g*"€ggr¥%’8‘6%@’ ?‘JSR’ PPretelied g %”??O?q%‘ﬂi%\g NAChRs
such as ABT<&8ilergd thedfilvelug anmeasaied by MLfA asaayiiowew of thr olaluaias adeasared ¢l i ni cal
model s of paj, Eﬂmmmcﬂ?nd"lg GtRdfat bk ol @L%.bggﬂ,m g/ .%4@9 1%3& @Ctivity
can have broader spectrumof therapeutic eff icacy | sease states such as
t hose i rAol \P’iaﬂ@b%é?n fltereatiyply, the Kevalyeas mgasurediyd, H]plali’PrB asg pendeyeder at i ve
di seases Safpiede it Kiwia such tha€ i (RORMMARDA= K$%.8,GOMR] X ol IR ASKeddiat is
characterized bgqyab(gor malities in perception, cognition, and enoti ons.

Si gni fi cant R i nplicates the involvenent of a7 NAChRs in this

di sease, i ncl udi o@n;a)uimaauﬁeedwdefoh@iet amﬁ\AthleMgarnG&em(s}r@ﬁlzn Jgﬁﬂﬁtﬂmftem
patients (Sawa A 3-9, 2003; Leonard, S. Eur Phar macol

393: 10 237 "?H%a‘ez’bmw Obé?'l'@iqhé{s 2R/ Qe A Neapdsobse alésring “(eg%t"i‘“ﬁg)’f #ee one of

t he hal |308r kie@br Schiimaihr €hé dompdaegecaefel ifldre £RRIsRanAARKTEL uéeéisdfpy
ni cotinic I| ands ttpat o&)erate at the a7 nA]g EgAdl er L. E. et al.
O Jrce 1§

Schi zophr enf&VBUI9. Yoorosieonigy dhat Semp leck the agtion, of receptor-
Psychophar maaohkiogyagdds. 320e<3ﬁﬁ>pndls%§6)can bb partisleRenikts maumreﬁlyl‘lﬂ&e oshown t hat

a4132 nicotin re ti at i on also.c tributes to the effects of
ni cotine in ?'Jﬁg”yla'gpf%Aﬁia?rB}t\Jse Fﬁ%%pe?r Orf‘gomsﬁst{(; T AL e R Sindine g |
Psychophar macol ogy (Berl). 2006 187:47-55. Thus, a7 and a7/a4132 Ilgands
denonstrate potential in the treatnent schi zophreni a.



Angi ogenesi s, a process involved in the growh of new blood vessels, is

i nportant in beneficial system c functions, such as wound heal i ng,

vascul ariwetznmm4efo4ski n grafts, 20 and enhancenent of ciPcTaisatlilom6es or
exanpl e, increased circul ation aroundsa vascul ar occl usi on. Non-sel ective
NAChR agoni sts |i ke nicotine have been shown to stinul ate angi ogenesi s
(Heeschen, C. et al., Nature Medicine 7. 833-839, 2001). Inproved

angi ogenesi s has been shown to involve activation of the a7 nAChR _
(Heeschen, C. et al., J. din. Invest. 110: 527-536, 2002). For exanpl e,

i nproved conll ¢7 oinginiceleedpod atso rRgers ey sipmating processes divelvirg, vaoausdiigasesi schemi a,

and wound h o) ciated
Gith a7 Acﬁag!i aJAtgslp\r){n?Jes %@L}J%t?n pgoté“’l %F&Ia tFonE’%Ba? e{jlé |Bg<?|¥la%f t?@%gffﬁg?oﬁ% 104,
2002) . Ther efeyrogy, cwp@h@ctlon@ndsarlshamomr@ ds'ﬁeilse@tomﬂeatfoor the a7 subtype offer
inproved potential for stimulating angi ogenesis with an inproved side

effect profile. A Eopul ation of a7 or a432 nAChRs in the spinal cord -

modul at e 330 on transm ssion that have been associated with
the pain-relievi cgmﬁa‘umcm &mpoki6iisi 6Y (e GRRRANEIS e&Qr B8 IRudelaMsS i N, M
and Changeux, J.-P. PNAS 98:2803- 2807, 2001). The a7 nAChR or and a7l a4132
| i gands denﬁﬁf§it?%1‘i'é*ccf‘|$é’ra&ﬁélﬁ’fq za%taém@r*cfl%% Inparticylana theeAmPRIMdHadn st at es,
i ncl udi ng ac@mBospRdhlef tROMUentidh BAn0R| usRBfoPireatifig WerbvetingCdiWorRitksCmodiated

2012/ 040404PCT/_US2011/ 052668 40 pain states 1ncluding inflammatory pain and
neur opat hi ¢ WM %Feiﬂ?@?a"ya?“’hﬂ'@’fﬁ&'s sPeepshivrasd iy éfﬁe%'h%y QA8 of
primary fpacrRPhAgechRshah mahfal, préarabBdyl d&mﬁrh&erln?f alcaRpaihl 8hcInfpRRRsSE, and

that activatjon of the a7 receptor inhibits refease of TNF and ot her

cyt oki nes t HBR InY§ntigRy&ither plong QF InGemRinadeT W'é*sfib’?@éac(‘%ﬁéem Hpr emBle: Rat ur e
421: 384- 38&an5m&)peum@gm€ere sel ectl ve a7 ligands denonstrate potenti al
for treating con tdl ons invol vi ng.| tdl on i ncl udi ng th ose. associ at ed
with various for 8‘1"0?1?‘%"HPY"PF 4 ates ‘03"?‘?{ O BIHEI PSS PERET B &R LS e

reacti on i s disdrdeoarydcdisitsS mpames Sy | AAPQT tn&ﬁﬁnlt rcdt@tholihé zakpton aaf adpze ovum by
sperm Actlvatl on of ag) a7 nAChR on th E%cell .has Bq}ep shown to be
essenti al® f dFCONE 25XYHOYHE "CEUL o & r?“ j‘ MR If/AFREEhONIRS reEFRYT.

10Repr oduct .wie&in &13438:1&&513 dB0RISy .or GefrtSteﬂu;ell&técyfrosaethecgtduye:oasTsnage)mtas
denonstrate uti for

The T nvent | diFmensdifari<Pleoktii d Rfhet Fhirodesinte R Bt i pmsul TG a
condi ti on oror dlcsmbldaronalﬁa?mftcomgnsn’rgmdmwsmmgmfta tberapengallp d@giekRerabinton,

neur odevel op , hi_zophf e i i ated with
schi zophr eni genl%t C?yrH?Lllﬁl%t ssgll?hma s)ﬁ Qﬁ’qgaf‘!u t\eﬁ‘ﬁatd’ % }rlggﬁztllagar?ﬁ%gfr mal ly, a
synmpt om Hbot [édéduddeéhryt h@YleafOerdulbyl)commnl y available treatnents, for

nds of

exanple, treatnent with an atypical antipsychotic. (Rowey, M et al., J.
Med. Chem 44: 477-501, 2001). Such cognitive deficit has been linked to
dysfunction of the nicotinic cholinergic system_in particular with

decreased activity at a7 rec rjs\;O\\/S
\

N—
N N

;

wherein the salt comprises dihydrogen citrate having formula (11)

o) OH
O O

HO
OH OH
25 (2)



20 (Friedman, J. |. et al., Biol Psychiatry, 51: 349-357, 2002). Thus,
activators of a7 receptors can provide useful treatnent for enhancing

cogni ti vewbuntd4esw4i n schi zophreni ¢ patients who are beipng/usc@atsmesv t h
atypi cal antipsychotics. Accordingly,36t he conbi nati on of an a7 nAChR | i gand
and an atypical antipsychotic would offer inproved therapeutic utility.
Speci fic exanples of suitable atypical antipsychotics include, but are
25no0t limted to, clozapine, risperidone, ol anzapine, quetiapine,

zi prasi done, zotepine, iloperidone, and the |ike. Act ual dosage Ievels
of active ingredients in the phar maceutl)-cal conpositions of this invention
can be varied sOTRSini&QiePhd d&n@ﬂpﬁ@i—h@tmemcodtf&@regtmg'o\{ﬁreggmgy@(q{dﬁ)ont hat is
effective to achi eve the desired therapeutic response for a particular
patient, copdsPdprondulaty by beieotifc asemricholine reseptemcompriaing dieetped dosage
level will den@ngriy omet Bémfuhd vt4§)y4 { pHeh\8- 19@%1@#&&@2 VIR YNEcytibe route

of adm nistration, the severity of e condition eln%treated andthe
conditi o and3prii éﬁiec?ﬁScﬂ hydroeen 5‘f’6‘F>7“°(5‘Ph>‘Ldﬁ’é" paeeEhe BRIAHGN oF d5PWEr iSHowever
it is withi I’Qeléch@i Sﬂ‘dn“aofneﬁl&? aAsbrdt) Sdedtiive d@is@8erOf nelidBegemiimpuNcinat | evel s
| ower than required 501 / 040404PCT/ US2011/ 052668 41 to achieve the
desired therd 8 VPIRPRIYALESOTAHY t o gradual Iy i ncrease the dosage until the
desired effect i $heevnsaredso contemplaithemettiseidr irdatihfler pHOMMgarcomtifi@ror

treatnments, a thera al Iy effective unt of one of .the conpaunds of
the i nvent | GotBrmBRTH, P8 btk hod s SERRERIR repic) “Subtir GoP B sal ¢
ester, ari dedmmnstephg;dmug ccﬁxm;roltmd A5)et-(saghieivyed13,4- mhenaﬂmnpmxm;h@ﬂlmcbao

adm ni stere & p C Lca sition cont e .compound of
Mterest 1 n o (G SR Bl SURGRIOHC T Bt Pordliot B dBRIPORT e
carriers. Théewmaﬂmhm@mmmsmm ytteeflcﬁrednﬁmvby;&rmunw dls@fdet h"eDldB)rpound of
the inventi o, jIRARS d%eéyf(kbzlrﬁm cGHARNO G BfirneRE 5&9{;{;2%19 | 1d §ithigl! Sor ders,

at a reasonabl e benet risk ratio appllcab eto ca treatment. It
10 wi | | be uviBE&rdamsate. Piekvedisease.t Aementin casopialgll wligh vauswgsoﬂemﬁé'acorrpounds

and conpgsi tiehae®ivith hfownr;vs@n&rb.aa éMylo{r Jmec Q@Fan qg@loay HuABnAdd €0diB9
physician within the scope of sound gnent. The specific

t her apeut i cfo‘]“i)‘S%‘idfcé‘&sc f“{)?é'oaéiséc‘i“%‘{/ﬁl‘h T’%}F“aélﬁﬁ)’ab‘df”ﬁ’%Eﬂ“%?rpab‘at"?séﬂtrg'ﬁﬂ'I | depend
upon a vari ghiy, @fonioaﬁtnwnsldﬂlﬁhudw,r{ he di sorder being treated and the
severity of the gl sorder; actltw Y2 gdfsgtem iCc co tound ecg;]pl oyed; the
15 specific compb& PYBHO LS 8yeTP ‘f"%‘éms & LB " RHE Mg & &Y alth, sex
and di et of disbﬂerp&lbﬂlﬂzlﬁéd by lae di7i nieotinfc adtyicholBie I‘ractep(bﬂ comgrisirg @é step of

admi ni st atl nd rate of excr i | oyed;
the durati of "'S?eﬁ'ggtﬁgaf?{lépr?fm gﬁgsgwggwt' '?ﬁ % tgﬁ'g ég ygoﬁ‘ngf g’fcﬁgpdent al
wth the spé¢ts ﬂn?f]dbompamwdrogerphoytemonam«iraha, kberkmcahoranditeh lor Kisonder isn t he
medi cal artg, Ijégﬁregxanple it is well within the skill of the art to start
doses of the r% orrpound at levels lower than required to achieve the
desi red t her apeulhedneehfigcaisogaeiemplatgy anethdd fpr imdr@etsmemm@gd@smj@nmnti | the
desired eff %%Brd%xsmg&\nétg&/g)d a7 nic Tﬂﬁ: écglgﬂ:k lﬂ@'rl&% sm%htﬁe ?fgg%?unds of
d"to a'h | Bt 2o

this invention adm ni stere uman ower about
0.10 gg/&Rg bddipisigeinghthe t @mm @@ 4 nbgntd v -thiedligral-2- )’WV)EI -pratrfcgelabl e doses

can be in tl??3ﬁqn%cﬁfe 35%@9%‘&21@ nMolQQ‘alfeg 1rpQg¥bM’§ﬁogh£v1th2a§ L@p@}?om 1

ng/ kg body wei ght desired, the effective daily dose can be divided into
nul tiple do§é‘§’S¥‘6‘P”Cpurposes of administration. Consequently, single dose

c?]nrpgsn It io gs MY TKeQfNeadidh A334G0n&APIEGS Smehodfobmdatihd &Y fesvehtlhga@eddiddd orake up
the daily dose

disorder modulated by an a7 nicotinic acetylcholine receptor comprising the step of
30 administering the compound (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo
[3.3.1.1*"1decane dihydrogen citrate monohydrate, wherein the condition or disorder is
infertility, lack of circulation, need for new blood vessel growth associated with wound

healing, more particularly circulation around a vascular occlusion, need for new blood



By way of exanple, and not of limtation, exanples of the present invention
shall 30 now be given. Exanple 1

(4s) - 4- (5Swpheryi4e4bs 3, 4-t hi adi azol - 2-yl oxy) - 1-azatri cycl ®CTAS2011/052668
.3.1.13. 71decane WD 2012/ 040404PCT/ UB2011/ 052668 42 free base To
prepare a (4s)-4-(5-phenyl-1, 3, 4-thiadiazol -2-yl oxy)-1-azatricyclo
[3.3.1.13:1 decane free base single crystal,

(4s) 4- (5-phenyl -1, 3, 4-t hi adi azol - 2-yl oxy) -1-azatricyclo 5

[3.3.1.13 7}decane free base (13 ng) was dissolved in 1.0 nL of 2-propanol.
The sol vent vgassl gievivrssocialedpwitl tvasculpaation oSkl |egafisr {peheaiia ipflammation,

(4s) - 4- (5- phaR¥hady ?tho‘%e tzﬂéo@f;{eazggﬂi 2rhenﬁfrlaﬁ?f&’)artiltrll"?sz aldung YisaRle3 - 23d lethed- 7] decane

free base fornmed over tine. Exanple
10( 4s) - 4- ( 5-°pRelifgtent assogfatedyisldiabegss.- 2 yl oxy) - 1-azatri cycl ol'3. 3. 1. 13' 71decan

e dihydrogen ci Tﬁeaitn%ntlon also coh®mPra@es meModioP Hettifg bieevehiifit Adohditiéh or
nonohydrate form it is inportant to first devel op the anhydrous salt form

of the compdiseger ‘ﬂ%d“é"tf‘@rPOtht‘H|%7 Bd 4fbd @cqtgmcﬁcwé'e'e%'ae feseRHECHRRsiEBE et or
creating thetepnlBy didaisistekidy dhi g@mpsind’ a9-453!pheny(-4.3 W=tHadibzopbomyl 1, 3, 4- 15

t hi adi azol |. oxy) ] 0[3.3. 1 ecane free base (63 ng, 0.2
oo e 1 Al S st Mo PY e QUL 6 SHB- 1 o
was di ssol veiikoidar 0 séectdd fﬂ)fn d@bilipedT@lisorddld & here thbih G 7ad d4[$thlbﬂt1InQﬁedAﬁtSrsadded to
the (4s)-4-(5- 1,3

L s ool - 376 MY ed e hetudscpispiongteficn dipards @ r B S5aE! BBFGEVEX whi | o
stirringlo Thisoxdea{ADWIR), Aéeiveds Hisase (A, sitld cogrlitee émpditnent, s¢hizopldehis,i on, and

t he sol vent
20ev.apor at es o]{/\/ld\ée?%'a AP3 %emeﬁe'ariﬁ“’kf ds e%e*tcheme" ’aaazs%qc'a?d VT"h SR 1245 r cyclo
[3.3.1. 13" 7]ddegranelss§>mhtydimgé)v“mIStswtren@ rayrs'otadphlczedrabmostm Hentmgton s

Topr epar ea( 4k asd- b Rabhuidy | ardrithy Vel R Y RE AUnoringy LRXNida, hicotinic withdrawal
syndrome, traumatic brain injury, acute pain, post-surgical pain, osteoarthritic pain,
15  neuropathic and inflammatory chronic pain states.

Compounds for the method of the invention, including but not limited to-those
specified in the examples or otherwise specifically named, can modulate, and often
possess an affinity for, nAChRs, and more particularly a7 nAChRs. As a7 nAChRs
ligands, the compounds of the invention can be useful for the treatment or prevention of a

20 number of a7 nACﬁR-mediated diseases or conditions. Certain compounds of the
invention includes, in addition to affinity for a7 nAChRs, affinity for a4B2 nAChRs.

For example, a7 nAChRs have been shown to play a significant role in enhancing
cognitive function, including aspects of learning, memory and attention (Levin, E.D., J.
Neurobiol. 53: 633-640, 2002). As such, a7 ligands are suitable for the treatment of

25  conditions and disorders related to memory and/or cognition including, for example,
attention deficit disorder, attention deficit hyperactivity disorder (ADHD), Alzheimer’s
disease (AD), mild cognitive impairment, senile dementia, AIDS dementia, Pick's
disease, dementia associated with Lewy bodies, and dementia associated with Down's
syndrome, as well as cognitive deficits associated with schizophrenia.

30 In addition, a7-containing nAChRs have been shown to be involved in the
cytoprotective effects of nicotine both in vitro (Jonnala, R. B. and Buccafusco, J. J., J.
Neurosci. Res. 66: 565-572, 2001) and in vivo (Shimchama, S. et al., Brain Res. 779:

359-363, 1998). More particularly, neurodegeneration underlies several progressive CNS



azatricycl o[ 3. 3. 1. 13. 7] decane di hydrogen citrate single crystal,
(4s)-4-(5-phenyl -1, 3, 4-

t hi adi azowveo22easdpk- 1- azatri cycl o[ 3. 3. 1. 13' 7] cl ecane di rgarusgen/osicks at e (20
ng) was 25di ssolved in 0.8 nL water/ 28propanol (1:6, V/V) at 50 C. The
solution was seeded with

(4s)-4-(5-phenyl-1, 3, 4-thi adi azol - 2-yl oxy) - 1-azatricycl o[ 3. 3. 1. 13' 7] decane
di hydrogen citrate solid and allowed to cool to ambient tenperatures in a
sealed vial. Single crystals formed over tinme. 30 Exanple 3

(4s) - 4-(5- phi@ﬁyilers,l igludingjbydinglz fimited \jp.oREheimery diseasey Episingonds fisgme.71¢cl ecane
di hydr 0gen GirbdhicTRBANUALHunMEloR L Wk R CARRRIT MM LI ARLOAG. A3

The nonohydrate sa ormed i n accordance with the follow ng
pr ocedur e. Faprdgfnms)aqﬁieCI(Jég’ncnw (egulbpg?ﬁwn traumatic brain injury. For example, the

1, 3, 4- t hi adiigz@led Amttinorh haeaRs by S¥A)Bidlp3ptded tik3d @ AldREAHE ddkAy Adsogen
C|trate anhydrate is dissolved in 4 volunes of 2-propanol and 1 vol unme" of

water, at> a FENITEHed 3 adry fasierin yrglopm of HF[EP%’“W’ ﬁ@tSraé%OmatePn@t sol vent

i's then ad] yrd 8deasd (1i0, 69s.Crawal 1, B 0d kof pmAsr@soﬁmmvbesmotmamBO
mnutes. Once the resulting solution reaches 65 C, 6 vol unes of 2-propanol

are added t GCEHRE sHEAS AN aHEIUFACK e BEUFRRTOteEtiNG  PAVAYS  Kesliteade  fgpgasedo

mhnut es. Up@nosmsherrfyla@ﬁ LPOomE ata@o;u&emuamaé lr@Bergfos,‘sHam&thtsl garqumzétmsé and
the tenperature of the resulting slurry is s sed to over a
period of gf‘g'é{Pgl?r'lPﬁ'aﬁ"gieﬁ gpten ‘Af"t‘”“é?“s tﬂb’%“l‘?ﬂr‘?‘;}y!"éﬁéﬁﬁé" a&’?'é‘?‘?ﬂ‘é‘i’éture of

40 C, 5 Mol uisesse @ahd Qanousl&hq‘.rrcremammk (Butrfér addleloct Uenrbm@l:ammys wer25a).peri od of
no |ess t har’\"hg aglva{lonh fAf t erChg(d eené fwnt trc]) ochgﬁ%ﬁ ur?, oxncn (kf}l lTur ry, t he

resulting slurry 1s rrper ureo 8 Beri6d” of at | east
1 hour. Sub&emeﬂl%emt m.nmmesmwrznlmfm hieh,sklactivg ligands klawknhadjoIst ed to 5
C and mxed at .5 C for | east our. After these s S e conpl et ed,
Che. mononydral 4% < aReRbes R L iy Al SRR ed Ao &6 Branpl e 4
Fornmati on of Alpha-7 nAChRs also have been implicated in aspects of neurodevelopment, for

(4s)-4- (Il% pQQam{Ale :I'IEI?T'O %n%}s@ gfd{hgzb%m (¥£I9XIY) etlal a%)%%lb&é(e%a‘?%?aﬁ R’Iese]agch71decane

di hydrogen citrate no
142:151-160, 2003; Tsunekl H et al., J. Physiol. (London) 547:169-179, 2003; Adams,

C.E,, et al,, Developmental Brain Research 139:175-187, 2002). As suéh, a7 nAChRs
can be useful in preventing or treating conditions or disorders associated with impaired
neurodevelopment, for example échizophrenia. (Sawa A., Mol. Med. 9:3-9, 2003).

20 Several compounds with high affinity for a42 neuronal nicotinic receptors
(NNRs) have been shown to improve attentive and cognitive performance in preclinical
models that are relevant to attention-deficit/hyperactivity disorder (ADHD), a disease
characterized by core symptoms of hyperactivity, inattentiveness, and impulsivity. For
example, ABT-418, a full agonist at a4p2 NNRs is efficacious in a variety of preclinical

25  cognition models. ABT-418 administered transdermally, was shown in a controlled
clinical trial in 32 adults to be effective in treating ADHD in general, and
attentional/cognitive deficits in particular (Wilens, T.E.; Biederman, J.; Spencer, T.J,;
Bostic, J.; Prince, J.; Monuteaux, M.C.; Soriano, J.; Fince, C.; Abrams, A.; Rater, M.;
Polisner, D. The American Journal of Psychiatry (1999) 156(12), 1931-1937.).

30 Likewise, ABT-418 showed a signal of efficacy in a pilot Alzheimer’s disease trial.
ABT-089, a a4B2 selective partial agonist, has been shown in rodent and primate animal
models to improve attention, learning, and memory deficits. ABT-089 and another w42

agonist, ispronicline has shown efficacy in a pilot clinical trials. In addition to cognition,



The inventors produced

(4s)-4-(5-phenyl -1, 3, 4-thi adi azol - 2-yl oxy) - 1-azatricyclo 20

[ 3. 3. 1. 138pderanesodi hydr ogen citrate nonohydrate crystalPsTasecanaszsgst o t he
foll ow ng procedure. First, 200 ng of39t he

(4s)-4-(5-phenyl -1, 3, 4-t hi adi azol - 2-yl oxy) -1-azatricyclo [3.3.1.13. 7] decane
di hydrogen citrate anhydrate solid were suspended in approximately 1.0 niL
of water. Subsequently the suspension was sealed with parafilmand stored
in a cabinet, protected fromlight conditions, at anmbient conditions for a
suf ficient tdompoungs tiph istbragwwith p<dBaAINACKRS isenh. asAABELS9¢ rapg togliersf e nadtoi on, t he
| nventors te&ﬁ&goﬁé}ﬁ gf‘e@{;ﬁé b &ﬁ.cﬁ'nﬁ&tﬁ of Ba® Wlsuck; fid¥asthii AGkde 3Bt and

determ ned that t

(4s) - 4- ( 5- phehsnid 482 4ctchy a%h faizobw@deykmxtyt)m of thorageniicsfEtagy [irBdiStade. siRH| decane
di hydr ogen t %m{m

(4s)-4-(5- pﬁég%% tﬁosmgn %rggvoe%? -yl oxy éins gzgrt] rnlel(l:r?dﬁgerfeéat%e Ts
di hydr ogen c’i"f'l"@f—fé m)nohydrate The inventors produced
(4s) - 4- (5- phenyl sdhiRphrehiRiiadi @aPlexZdideh@X e - @EALEHLY HyO a%grn%in}reslr?ﬁ 71/%6(33”9

di hydrogen citrate nonghydrate crystals according to the follow ng
2012/ 040404FS€W€FEB§20°P§7"65'2 @BBemotiont- oRighififast eMideneenRplpais dhesigyqhgmsnt of

(4s) - 4- ( 5- phenyAeARSindthishdigdied Zl iy Y Qlééé)lrea-‘deﬁ@tagf {h%écllegeptors in post-
[3.3.1.13: 7] decane dih dro%gn citrate was sus in a mxture of an

organi ¢ sol VBYtem Ratignts (S3e RanP!: Metlyhi3i8y zooédéoaﬁi”tsr ifug J. Bhggmacoh 33 wat er .
After equ | idrauimpod)he metﬁsnmemsgeﬁyaryaproadamge(gtan el beOdTSthe hiiBnahyrdr at e

conmpound converted {o nohydr at e 5conmpoun Subs ent |
i nventors extV&l é@F?B'a HIQ nﬁ?ﬂ? éfé 'éorﬁ‘ﬁlf?ﬁ‘gg’ha'cﬁty‘ %Jé%i’ﬁgq‘g?‘ qu'%‘[eraéB] ®on and
confirmed they woChRhgadited tLe ESétralC$diiz8pHashiaXBiilaR4.di8bf202,C1o0 @B ie Ve RD ECet6

al., Psychopharmacology 136: 320-327, 1998). More recent studies have shown that

71decane

a4f2 nicotinic receptor stimulation also contributes to the effects of nicotine in the
15 DBA/2 mouse model of sensory gating (Radek et al., Psychopharmacology (Berl). 2006
187:47-55. Thus, a7 and a7/a4p2 ligands demonstrate potential in the treatment
schizophrenia. ‘
Angiogenesis, a process involved in the growth of new blood vessels, is important
in beneficial systemic functions, such as wound healing, vascularization of skin grafts,
20 and enhancement of circulation, for example, increased circulation around a vascular
occlusion. Non-selective nAChR agonists like nicotine have been shown to stimulate
angiogenesis (Heeschen, C. et al., Nature Medicine 7: 833-839, 2001). Improved
angiogenesis has been shown to involve activation of the a7 nAChR (Heeschen, C. et al.,
J. Clin. Invest. 110: 527-536, 2002). For example, improved conditions related to
25  inflammation, ischemia, cardiac ischemia, and wound healing, for example in diabetic
persons, have been associated with a7 nAChR activity (Jacobi, J., et al., Am. J. Pathol.
161:97-104, 2002). Therefore, nAChR ligands that are selective for the a7 subtype offer
improved potential for stimulating angiogenesis with an improved side effect profile.
A population of a7 or od4Bf2° nAChRs in the spinal cord modulate
30 neurotransmission transmission that have been associated with the pain-relieving effects
of nicotinic compounds (Cordero-Erausquin, M. and Changeux, J.-P. PNAS 98:2803-
2807, 2001). The a7 nAChR or and a7/a4pB2 ligands demonstrate therapeutic potential

for the treatment of pain states, including acute pain, post-surgical pain, as well as chronic



Determ nation of Critical Water Activity for Hydrate Formation of

(4s) - 4-(5-phenyl -

101, 3, 4- twoadizmodo42- yl oxy) - 1-azatri cycl of 3. 3. 1. 13: 71deeamasdiihpsrcegen
citrate The inventors determd4ted the critical water activity for
(4s)-4-(5-phenyl -1, 3,4- thiadiazol -2-yloxy)-1-azatricyclo[3.3.1.13 7] decane
di hydrogen citrate nonohydrate at anbient tenperature. Specifically, the

i nventors devel oped suspensions of the crystalline 15 product in m xtures
of nethanol and water, with water activities of 0.20, 0.15, 0.10, and 0.05,
perform ng paeindtatesiechuding diffafmatory pain pEJtrteerpmhicﬁ pain. ddofowufersihBa are
respectively t r Jf raction
pattorn £ or SUEeranl HERFled of il MEElopRIE! G Ao AR i Rl

subst ant i al Irgsppusecarsk thatt adtllvatwe efnthy dr7otesepsal mhlb!amcblqasmgf poFaanddothérl powder
X-ray diffra I

20i ncor por at %lka%eggr[ &gtrﬁ'%dﬁ%;“'érﬁﬁié’ e E%L ﬁwt% %ggg?l-n@agtgb%g@\tﬁgt%r activity
poi nt (or5 r &98®. oThqudbmi sgjective wﬁlltghndsmmamw@rmtléloﬂomtrcajmeqond;twru t he
monohydr at e ;{ Qv mﬂammatloE'ing,H'aﬁ t%@@sso%(a}e)i v\! h vgl%u %r#\s Bpajl 2%1{ ay powder
diffraction datagfor SI X or ati1ons. |gure (’ illustrates
the X-ray powder TeH mﬁmaé'ﬂqndﬁerpmqr@pme fegetion if @R FXACHIORI® Mrogesh sMBdrianiginof

subst anti al |gyiRshkign 6f s brdh lbp%pémnqtudaﬁ@h § Qﬁla» nﬁcﬁﬁ "R Yeim cﬁﬁh

1, 3, 4-t hi adi azol - 2-yl oxy) - 1-azatricyclo . %{ decane d dasogen
citrate. Fi dgeneshepp)toibe esasptiohf@rsthe H@O%ﬂ»eayacpm@ﬂ 4 f#frdaMF'iZdnSthOﬂ ern for a
(4s)-4-(fr ph@ea%hucl R 4348h13§31'2@(¥39| C&seqﬁé%ﬂde@t‘@zﬁ £éeﬁt¥(aLrgor{s§ tg’ugxht}3 7]
decane di hydrogen citrate sol recovered froma suspension Ia"law ng a water
activity of f@”?@“"gﬁF'@‘UWé"S&(déﬁs i I |ustrates the X-ray powder diffraction
pattern for a (4&pmpouad seNMbention alt-pahicAgk2aRtut Zoreing)and pRgaking aycl o 30

[3.3.1.13" 7] ddecane di hydr Qgen C|trate solid recovered froma suspension
havi ng a wat8PIUY i Wt ydiserdy. 15ffeqtingr memeryy  $OB0IEPR at SEUrPYFEENRIAIGY powder
diffraction qaabaeﬁempﬁmﬂt aAd (c‘ﬂ&):phélema

(5-phenyl-1, di azol.- 2- -azatricyclo [.3. 3' 7]...decane
di hydr og]i,sn cit ra nat |'H‘p?'g’&8\¥§?sgéégt ‘%BVHﬁéc*Effé’ﬁréﬁ’gi%'ﬁ ﬁ'&\/‘ls Ay 4 J\}\%t‘gr
activity of patichg.to Fmrgumenodu@e)y hIsyrogdmn aivesleqlaelyrdagy by eomeonigiakdiradlet i on

28?2/6 BZOLSL&%“M&O‘? §gg§]g’6tgéé %gggﬁ'?;}i %I @?a] %Ztg)ls)ép%ﬁt){ B(ﬁ}%leéeca%tea] ‘di'hydr ogen
citrate sol iMedk 6b@véﬁ€ﬁ7f59br¥f)&l)sﬁsqb@nsmm dhﬁmh?gb@nwak@ﬁo dosfingiianofof 0. 05.
Figure 4(f) 4d Llumcaéh%ﬁne}g@ sfSdnRn ROMERE: S bdcAGLed9 iRt éteo[vnregegﬁoré

formul ati on consisting o stantially pure crysta anhydrous

(4s)-4- (B hegysn,1). 3, 4- alhiBe Psxefodtry2-5y: 349x3pY - 20082 atTihiig yacliafdds oBal. 137]
decane di hy reveals a
shift in thceiécg-&rggf%ﬁ)%ggstelﬁ%ﬁgﬁﬁte@%ﬁ] ngmga%%\g}'% lﬁ](cggnn@rr%gh %gl)e '€ to an
X-ray diffr@etdnen what erer beinghdicetad | vish gtypimal aantigsiiehaties. Thewpmg.*)er the

i1 1 ustrated bRpkhibi e 4% GACROHzMI D LRI S LRRorRAN Q:Sofﬁpm GGlgd from

t he suspensi ons havi ng wat er ac%l vities 187a ci i’ ectively.
Theref ore, dhfEaPsic| iy iSreqifieexamplenpl ﬁ“'t%im)?fm!ilaé\@'élpﬁﬁa?ﬂwwdt Hat evat er
activi t yssof n'bh‘ﬁmﬁ@cl V@'Uloidﬁﬁéj fiPerdddn T YatzAlind ZRettaDfie, ziprasidone, zotepm
(4s)-4-(5-p hen%/’ 4-t hi adi azol - 2-yl oxy)-l azatricyclo [3.3.1.137] decane
di hydr ogen d°P %Qf"ée aqdéhfd K5 or greater, the

(4s) - 4- (5- phenyladwad désa'g@leadl; aﬂﬂ:ltwamg}e@éfﬂ) 1n1the PRAMEeGYE] Q)n{pgmaon'k 03" 7]
decane di hyq entC|t ate extl sf) as Pg@ydrate sal t ver, if
the ool ven: oS ERErtheafed to,fip Shel) prmgurt G G Srse sompra(s) hat

(4s)-4- (5 pleéigtite tolacBigvk-thddeaitiddahayhpeRtioye smys)e-fdr-aamatcnlacgaobm ({031p351t]0n13 7]
decane dj I St he anh

under st ood % h&;& %?‘;hgfl #@%&Sﬂn"l W%iggl?‘}teoa& é&e e onp?anndJ PR S ac""ﬁ%oﬁg

exanpl es ar ghenpartispiar qumsmdr aftelrwée aﬁ@namretrancn, tmeoseb@tx elkibe cadition ieingt i ons
upon the Sc%ﬁe&);ndttlré@mha“@%ﬁ%ﬂor Ml&hhl&t&y%?fhkgﬁgn%hrﬁltn}éat@a’ hifGev@ppended

clains and their equival ents. Various changes |cat|onstothe
di scl osed er‘r"dwi‘h'ﬁgﬁ"%qffhel&é t%_ﬂ%gcéﬁsc ofithg compound at levels lower than required



20 those skilled in the art. Such changes and nodifications, including
without Iimtation those relating to the chem cal structures, substituents,
deri vati wee,20imi4esonedi at es, synt heses, formnul ati ons andfar/usedthosxeof use
of the invention, may be nade wi t hout4ideparting fromthe spirit and scope
t hereof. WD 2012/ 040404PCT/ US2011/ 052668 46 What is clained is: 1.A
crystalline nonohydrate of (4s)-4-(5-phenyl-1, 3, 4-thiadiazol-2-yl oxy)-1-
azatricyclo[3.3.1. 13 7] decane di hydrogen citrate, wherin the
(4s)-4-(5-phenyl-1, 3, 4- thiadiazol-2-yloxy)-1l-azatricyclo[3.3.1.13" 7] decane
i s representtedchigyeftbs dagired therppeudc effget apthip gohduplly increhss the Hesdgeogwihthsi trate i s
represent ed dayirefi Offils@cKilVed. OHO HOLOH OH (2) (I1). 10
When used in the above or other treatments, a therapeutically effective amount of
one of the compounds of the invention can be employed in a pharmaceutically acceptable
5 salt, ester, amide, or prodrug form. Alternatively, the compound can be administered as a
pharmaceutical composition containing the compound of interest in combination with one
or more pharmaceutically acceptable carriers. The phrase "therapeutically effective
amount" of the compound of the invention means a sufficient amount of the compound to
treat disorders, at a reasonable benefit/risk ratio applicable to any medical treatment. It
10 will be understood, however, that the total daily usage of. the compounds and
compositions of the invention will be decided by the attending physician within the scope
of sound medical judgment. The specific therapeutically effective dose level for any
particular patient will depend upon a variety of factors including the disorder being
treated and the severity of the disorder; activity of the s.peciﬁc compound employed; the
15 specific composition employed; the age, body weight, general health, sex and diet of the
patient; the time of administration, route of administration, and rate of excretion of the
specific compound employed; the duration of the treatment; drugs used in combination or
coincidental with the specific compound employed; and like factors well-known in the
medical arts. For example, it is well within the skill of the art to start doses of the
20 compound at levels lower than required to achieve the desired therapeutic effect and to
gradually increase the dosage until the desired effect is achieved.
The total daily dose of the compounds of this invention administered to a human
or lower animal range from about 0.10 pg/kg body weight to about 10 mg/kg body
weight. More preferable doses can be in the range of from about 0.10 pg/kg body weight
25  to about 1 mg/kg body weight. If desired, the effective daily dose can be divided into
multiple doses for purposes of administration. Consequently, single dose compositions

may contain such amounts or submultiples thereof to make up the daily dose.

By way of example, and not of limitation, examples of the present invention shall

30 now be given.

Example 1
(4s)-4-(5-phenyl-1,3.4-thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1>"1decane




2. The crystalline nonohydrate of

(4s)-4-(5-phenyl -1, 3, 4-thi adi azol - 2-yl oxy)-1- azatricyclo[3.3.1.13" 7] decane
di hydr ogewoentrvebe4of claim 1, wherein the nonohydrate eomprs2ee®sBmepuUrity
of at |east 90% of the nonohydrate fof2m and not greater than 10% of 15t he
non- nonohydrate form 3. The crystalline nonohydrate of

(4s)-4-(5-phenyl -1, 3, 4-thi adi azol - 2-yl oxy)-1- azatricyclo[3.3.1.13" 7] decane
di hydrogen citrate of claim1, wherein the nonohydrate .conprises a purity
of at |east 95% of the nonohydrate form and not greater than 5% of 20 the
non- nonohydrate form 4. The cryst afité bpse npnohydr at e of

(4s)-4-(5-phenyl -1, 3, 4-thi adi azol - 2-yl oxy)- | -

azatricyclo[3.3.1.13" I decane di hydrogen citrate of claiml, whergin the
nonohydr at e conpf? $ESE pfrk4-(5- H‘F“)dt‘ pethiofiazpb O yigxy)-azavsiyelyidedt e I or m and
not greater dehad dYnef dnida :ﬂﬂn(tﬁfs‘))ﬂ@]b/lﬁﬁﬁil?_’,zf fadlazol- 2V§Q)xy) ] -azatricyclo

2012/ 040404PCT/ UsR011/ 052668 47 . The cr stalljne_nonoh ate of

(4s) - 4- (5~ pHény1- 1desang ffeﬁlba%ﬁl(é%esl%“ﬁ'%%' T] d?%\f’?i?@%’? }:‘:"Sflvf?:"?]cl ecane
di hydr ogen oidsrafibeedoévapbrate Msiclyly. demstgmstrlyam g (B)- 4J(easdnyona4cMwmt3r| stic
peak in the po r_X- ra i fHpactio attern at values in degrees two theta
Sof 8.4 0. 28‘3"\9??'3?‘”%%6% ‘f Sae Bes basgelommea gvesdiher o 4 o750 18 6 0. 20,
17.2 0.20, 19.7 0.20, 20. 7 0.20 21.0 0.20, 21.2 0.20, 21.6 0. 20,
24.8 0.20, and 26.9 0.20. 6. The & | 1'i ne nonohydr at e of
(4s)-4-(5-phenyl -1, 3, 4 th| adi azol - Z-E‘;ﬂlg‘éé@tyej%- 1- 10

azatricytl of 3. 3. 14s enyh hé : azatrioycld[3 311 47 detanehav i ng unit
cel | paraneters wherein a is abouty ,h§d,5§%n%,trag is about 20.99 A c is about
16.83 A, a is about 90.00, 3 is abou is about 90.0, the volune is
about 2297.52 A3In eider ® predusp i cstalline Wyénasﬁsfpaw e IPRSHAMyEr HEte of

(4s)-4- (5- phrNdp the 3n drtoh:l s'%@f@ﬁrpl)f'@e }z’drﬂ%}éad 1As such, thls example is dlrected to
15azatri cycl ' 7].decane d gen citrat claim1, wherein the

(0]
nonohydr at e E{Pﬁ’fﬁsi bor tgating the Gebip ‘?“é ddl’! oBgN %‘ga‘ﬁ\ﬁ@h é"x?)a‘f L T
nMoi St ur e1ssortpiadigdl- gmyy)meizwnpymgmng3adcwsneghée baxss(60f mg,e63 hmhman was

% 9
appr oxi mat e|d¥ssc9V62d mf]rO0 f me hano? %utﬁ]c gclzlcti (lﬁsmg, 0. ﬂ/gw;[ng])gw(%s dissolved in 0.5

mL of methanol. The citric acid solution was added to the (4s)-4-(5-phenyl-1,3,4-

thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1>"]decane freebase solution while stirring. The
vial was removed from the stir plate after the addition, and the solvent allowed to
20  evaporate slowly. (4s)-4-(5-phenyl-1,3,4-thiadiazol-2- yloxy) 1-azatricyclo -
[3.3.1.1*7]decane dihydrogen citrate crystallized over time.
To prepare a (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-

azatricyclo[3.3.1.1>

Jdecane dihydrogen citrate single crystal, (4s)-4-(5-phenyl-1,3,4-
thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1*"]decane dihydrogen citrate (20 mg) was
25  dissolved in 0.8 mL water/2-propanol (1:6, V/V) at 50 °C. The solution was seeded with
(4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)- 1-azatricyclo[3.3.1. 1>"1decane dihydrogen
citrate solid and allowed to cool to ambient temperatures in a sealed vial. Single crystals

formed over time.

30

Example 3
(4s)-4-(5-phenyl-1.3.4-thiadiazol-2-yloxy)-1-azatricyclo{3.3.1.1 3’7]de:cane

dihvdrogen citrate monohydrate




208. A nethod for treating or preventing conditions, disorders, or deficits
nodul at ed by a7 nicotinic acetylcholine receptors, a4132 nicotinic

acet yl chovoneiwmaempt ors, or both a7 and a4132 ni coti ni c paTaisgéialosicshe
receptors wherein the condition, diso#3der, or deficit is selected fromthe
group consisting of a nenory disorder, cognitive disorder,

neur odegener ati on, and neur odevel opnental di sorder conprising

adm ni stration of a 25therapeutically suitable amunt of the crystalline
monohydrate of claiml. 9. The method according to claim8, wherein the
condition or di sdhemenahydrate saliopacberipred frhascejdanapwith Hisifeltoming RiPcedire-ent i on
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W th Do dr one, any t eral sclerosis, Hunti s di sease,
snoki ng ces§3¥? OVEli R ﬁ E gaﬁgﬁbﬁmbyhﬂFﬂﬁé C@Shﬁi&???ﬂ P@ngi sor der
bi pol ar and remhés®StCsOrdenss, ofzm;ﬁﬁﬁzimeéﬂémuﬁao&w&&aﬁﬁ& A&iadi M ni shed
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post - surglca parn, arn, rne e pai n, REUT opat tii ¢ pain

10. The net hod tf&dmechtlng of e cdsaltlng Sprry/\heb@'llmddmesedmm%G over erpexdods@r der i s
cogni tive Sdgﬁéakeman 3SR 614@:51 M smry%égﬁ&u @mpéiaLJngfhowp%a%kswé/

di sorder, I zophreni a, Al zheiner”s di sease cognitive 1 npairnent,
age- assobd atPé‘EPaPﬁéﬁt?r%?d?drfﬁél?ersﬂfﬁmOVCQAmEF“@é)QﬁFQ lessethated hQHT% Al additenzephr eni a.

11. The net hpda3epsiofionde §iarme B A hing! WirkyNS hel8 QPR kdnipeRAIrGMPISTRRLI N a

conmpound 10conprising the crystalline nonohydrate of claim1 in conbination
with an at y[ﬂe’a%ﬂ of at least 1 hour. Subsequently, the temperature of the slurry is slowly adjusted to

5° C and mixed at 5° C for at least 1 hour. After these steps are completed, the
monohydrate solids are harvested by means of filtration.
15

Example 4
Formation of (4s)-4-(5-phenyl-1.3.4-thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1>"]decane

dihydrogen citrate monohydrate

The inventors produced (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo

20  [3.3.1.1*"]decane dihydrogen citrate monohydrate crystals according to the following
procedure. First, 200 mg of the (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo
[3.3.1.]3‘7]decane dihydrogen citrate. anhydrate solid were suspended in approximately

1.0 mL of water. Subsequently the suspension was sealed with parafilm and stored in a
cabinet, protected from light conditions, at ambient conditions for a sufficient time to

25  allow crystallization. After crystal formation, the inventors tested the crystals by single
crystal X-ray diffraction, and determined that the crystal product was (4s)-4-(5-phenyl-
1,3,4-thiadiazol-2-yloxy)-1-azatricyclo [3.3.1.1%"]decane dihydrogen citrate

monohydrate.

30 l Example 5
(4s)-4-(5-phenyl-1.3 4-thiadiazol-2-yloxy)- 1-azatricyclo[3.3.1.1>"]decane

dihydrogen citrate monohydrate

The inventors produced (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo

[3.3.].13‘7]decane dihydrogen citrate monohydrate crystals according to the following
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1.3.4-thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1 3’7]decane dihydrogen citrate

The inventors determined the critical water activity for (4s)-4-(5-phenyl-1,3,4-
thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1>"]decane dihydrogen citrate monohydrate at
ambient temperature. Specifically, the inventors developed suspensions of the crystalline
product in mixtures of methanol and water, with water activities of 0.20, 0.15, 0.10, and
0.05, performing powder X-ray diffraction patterns for each suspension, respectively.
The inventors also incorporated the powder X-ray diffraction pattern for substantially
pure crystalline monohydrate salt, and substantially pure crystalline anhydrous salt, and
incorporated all powder X-ray diffraction data onto a single overlay graph. The inventors
incorporated the data onto a single graph to determine the water activity point (or range of
points) at which the anhydrous form converts to the monohydrate form.

Figures 4(a)-4(f) illustrate the X-ray powder diffraction data for six different
formulations.  Figure 4(a) illustrates the X-ray powder diffraction pattern for a
formulation consisting of substantially pure crystalline monohydrate (4s)-4-(5-phenyl-
1,3,4-thiadiazol-2-yloxy)- 1-azatricyclo [3.3.1.1%7] decane dihydrogen citrate. Figure 4(b)
illustrates the X-ray powder diffraction pattern for a (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-
yloxy)-1-azatricyclo [3.3.1.]3'7] decane dihydrogen citrate solid recovered from a
suspension having a water activity of 0.20. Figure 4(c) illustrates the X-ray powder
diffraction pattern for a (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo
[3.3.1.1>7] decane dihydrogen citrate solid recovered from a suspension having a water
activity of 0.15. Figure 4(d) illustrates the X-ray powder diffraction pattern for a (4s)-4-
(5-phenyl-1,3,4-thiadiazol-2-yloxy)- 1-azatricyclo [3.3.1.1%"] decane dihydrogen citrate
solid recovered from a suspension having a water activity of 0.10. Figure 4(e) illustrates

the X-ray powder diffraction pattern for a (4s)-4-(5-phenyl-1.3.4-thiadiazol-2-yloxy)-1-



49 (h) mxing the slurry for at |east one hour; and (i) recovering the
crystalline nonohydrate of (4s)-4-(5-phenyl-1, 3, 4-thiadiazol-2-

yl oxy) - 1-woabryaymko[ 3. 3. 1. 13. 7] cl ecane di hydrogen ci t r @Cce/us2di4/031s68 pr ocess
of claim 13, wherein the solvent of stSep (a) conprises a conbination of

wat er and at | east one other organic solvent, wherein the conbination
conprises a critical water activity of greater than or equal to 0.15. 15.
The process of claim 14, wherein the at |east one other solvent is selected
fromthe 10group consi stl _ng of met hanol, ethanol, 2-proPanol, butanol,

but anol acetaaatiityciol B,3. 8l devane fddnydlamndeltratdlsn’ed hgﬂbvefr@r franri @I@usmsmllqmene
benzene, ani , ) i ; t n,

1, 4- di oxane, h%%? A \%‘?eélrc{'%%&af) G%t h@@p‘!g L %&gﬁbﬁgﬁtg? dgﬁh%?%ﬁ%?ﬁn(ﬁ hexanes,
n- hept ane, Patigrp ém@n@rmld%twetcwgﬁrstlgwffsakﬁt@éa“ymumW‘lm@ehydrous (4s)-4-(5-

1- et hyl 2- pyprhérg,h i @Qflﬁiadnﬁiol Qlywyﬁﬁhﬂﬁ.cyélspsbutW]ailaaara@d,h;arbéelnwa&tol uene, and
m xt ur es thereo 16. The proce cl a wherein the sol vent of

step (a) conpri sggma?fﬁwtﬁr%gws 3 6‘?%6@?}(5?%%{?16 S\Wé’t By the Xray diffacigngcess of

claim 16, whaten nnd.chembf(tauﬁ@oﬁidritheo ah X-easdiffabeoropdieim meicaiBtofad 20wat er
corrprlsesarﬁtlo ter ran ter 20:1 to

o] from
appr oxi mat el YV J;he pa @"' 3*“545‘ gL 4f(°)(?lng4{h9f6’,res?l%ggesi°ﬁ S RECHIxt ure of
t he at Ieastfromnfheobdpefsmohmmwaachcmtlarofc)olrimnhsoem a:sp‘ealﬁ‘iety oThe&fqmé opanol to

wat er rangin Skl e;ﬁ' ARRY O ard el aptph lafé ifhat & w%e §1ap / O)galctr@tt e(¥})e soi]Vem usec[f 0"

process of c arm Aper at ire 0
appr oxi n elcyysmﬂlzetftem%&ﬁﬂﬁ@mrwhl é,l4yh180a2@ -2-3020)- I'Fmtrlpycrb@@skl bf] dﬁlcmem 13,

wherein the d‘il@%@ér@&%@, lng.l%t grpgr(aﬁér, Eh@r}‘g.s-sl-(%-pgmyl-1,3,4-th1ad1azo|-2-yloxy)-1-
azatricyclo [3.3.1.1%7] decane dihydrogen citrate will exist as the monohydrate salt.
However, if the solvent comprises a water activity of 0.10 or less, the (4s)-4-(5-phenyl-

1,3,4-thiadiazol-2-yloxy)- 1-azatricyclo [3.3.1.1°”

] decane dihydrogen citrate. will exist as
15  the anhydrate.

It is understood that the foregoing detailed description and accompanying
examples are merely illustrative and are not to be taken as limitations upon the scope of
the invention, which is defined solely by the appended claims and their equivalents.
Various changes and modifications to the disclosed embodiments will be apparent to

20  those skilled in the art. Such changes and modifications, including without limitation
those relating to the chemical structures, substituents, derivatives, intermediates,

syntheses, formulations and/or methods of use of the invention, may be made without

departing from the spirit and scope thereof.



approximately 74 C to approximately 76 C. 21. The process of claim 13,
wherein step (b) conprises adjusting the tenperature of the solution to a

t enper at uwe 20f2/@proxi mately 60 C to approxi mately 70 CPCTMS2011/052668

2012/ 040404PCT/ US2011/ 052668 50 22. Th® process of claim 13, wherein step
(b) conprises adjusting the tenperature of the solution to a tenperature of
approximately 64 Cto approximately 66 C. 523. The process of claim 13,
wherein the solvent of step (c) conprises an organic solvent, water, and
conbi nati ons thereof. 24. The process of claim 13, wherein the solvent of
step (c) is Vkdtselaimedfit:om t he group consi sting of nethanol, ethanol,

2- propanol , but aRQlysft ABRI B5R0P Es}}-I-Q—ﬁx;Pﬁ-g%Qﬁ\%dia;&fz%rl%mlde1 di met hy!|

formam de, tol uene, ene, "ani sol €, acetate, 1sopropyl acetate,

t et r ahydr of @Faifcyclp[34. Qi oldasrae dikpdregep citiater Whsiip yhe (@91 pheyEhBdr omet hane,

chl orof orm (hgxaotes nowy)hem@eﬁ;oéiz.bm-’qmaﬁ,as AhRRhRY by Bhiiaxi de,

ni t r omet hane, 1-netﬁy|2-pyrro|i one, triethylam ne, tributylam ne,
triflourotoluene, water, and m xturgs thereof. 1525 The process of claim
13, wherein the solvent of s G S ~propanol . 26. The process
of claim 25, wherein the a f 2-pllopap yh step (c) conprises
approximately 2 volunes to i conpared to the anount
of solvent used in step (

5
(M
and wherein the dihydrogen citrate is represented by formula (II)
o OH
0 O
HO ' OH
OH
@
an.
10

2. The crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-

azatricyclo[3.3.1.1>7

]Jdecane dihydrogen citrate of claim 1, wherein the monohydrate
comprises a purity of at least 90% of the monohydrate form and not greater than 10% of

15  the non-monohydrate form.

3. The crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-
azatricyclo[3.3.1. 1*"|decane dihydrogen citrate of claim 1, wherein the monohydrate
comprises a purity of at least 95% of the monohydrate form and not greater than 5% of

20  the non-monohydrate form.

4, The crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1- \
azatricyclo{3.3.1. 1*’]decane dihydrogen citrate of claim 1, wherein the monohydrate
comprises a purity of at least 97% of the monohydrate form and not greater than 3% of

25  the non-monohydrate form..



27. The process of claim25, wherein the anobunt of 2-propanol used in step
(c) conprises approximately 5 volunes to approximately 7 vol unes conpared
to the amwonbixiosel vent used in step (a). 2528. The proeesaisedi1obmibsn 13,
wherein step (d) conprises adjusting 47he tenperature to approximately 35 C
to approximately 45C. 29. The process of claim 13, wherein step (d)
conprises adjusting the tenperature to approximately 39 C to approximately
41C. 30 30. The process of claim 13, wherein the solvent of step (e)
conprises an organi c solvent, water, and conbinations thereof. WO

2012/ 040404PCT/ US2011/ 052668 51 group consisting of nethanol, ethanol,

2- propanol Ut 2Bl o AN ARRRON 1 i EandAGEl %%aof,&wayropyl di met hy|

f or mam de, tol uene, ene t'ate, 1Sso acet at e,
t et r ahydr of (raiRcyclD| 343 Hi o Jdgenae difgdrpgen Cttr@%ftof plaimy |, demensiratingjaciasbensret hane,

chl orof orm clﬂﬁ‘r)ci@é}ﬁﬁc pe@k hﬁﬁé FRier Xt 1@1’39%@&%‘%%136135 iR ‘d!:ér% 't»d@theta
ni tromet hane, 1- rrolidone, triet zoamne tributyl am ne,

triflourot olqgéﬁéo%i/'e?*oéﬂd 42 5Q.2 485 RS0 §r4 £ 0.20,36.6 4120, M@)é@s@ of claim

13, wher ei n mhe: &R, Y&Nt 020, BLEP0.LE 21 QN0 SES+ 82012aBaNRE0, a6 9€ process
of claim 32, v(s‘herei n the anmount of 2-propanol used in step (e) 10conprises
appr oxi mateloy2 vol ume to approximately 10 vol unes conpared to the anounts
of solvent used in steps (a) and (c). 34. The process of claim 32,

wh th imately 4
inereL (he arount Sl o USRS ST 0 SRR TP 25 T
used in Bt epsat(i@)lofnil.{)decan8BihydFbgen piteEes slaiof 1, bhvingnnli3ell phreneérs step (f)
conpri ses adjiit] 119 18d)Ps SERRSE AN S0 S°A ARPHSH MEH:6, Y. i8Rhot oo 3PRI OXi mat el y

45C.
about 93.75°, y is about 90.0°, the volume is about 2297.52 A>, and Z is about 4.

7. The crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-

15 azatricyclo[3.3.1.1%7

]decane dihydrogen citrate of claim 1, wherein the monohydrate
exhibits non-hygroscopic qualities when evaluated by dynamic moisture sorption
gravimetry, having a weight loss of less than approximately 0.2% from relative

humidities of 0% to 90%. p

20 8. A method for treating or preventing conditions, disorders, or deficits modulated
by a7 nicotinic acetylcholine receptors, a4p2 nicotinic acetylcholine receptors, or both
o7 and a4p2 nicotinic acetylcholine receptors wherein the condition, disorder, or deficit
is selected from the group consisting of a memory disorder, cognitive disorder,
neurodegeneration, and neurodevelopmental disorder comprising administration of a

25  therapeutically suitable amount of the crystalline monohydrate of claim 1.

9. The method according to claim 8, wherein the condition or disorder is selected
from the group consisting of attention deficit disorder, attention deficit hyperactivity
disorder (ADHD), Alzheimer’s disease (AD), mild cognitive impairment, schizophrenia,
30  age-associated memory impairment (AAMI), senile dementia, AIDS dementia, Pick's
disease, dementia associated with Lewy bodies, dementia associated with Down's
syndrome, amyotrophic lateral sclerosis, Huntington’s disease, smoking cessation,

nicotinic withdrawal syndrome, schizoaffective disorder, bipolar and manic disorders,



2036. The process of claim 13, wherein step (f) conprises adjusting the
tenperature to approximately 39 C to approximately 41C. 37. The process of

cl ai m 13, wotheraismogt ep (g) conprises adjusting the tenpecatuse@iofebhe
slurry to a tenperature ranging from4spproxi mately OC to approxi mately 10
C. 25 38. The process of claim 13, wherein step (g) conprises adjusting
the tenperature of the slurry to a tenperature ranging from approxi mately 4
C to approximately 6 C. 39. The process of claim13, wherein step (i)
conprises recovering the crystalline 30nonohydrate of (4s)-4-(5-phenyl;

1,3, 4-thi adudamlshezLC?NS)svy9twma$§2mtp¢ wifle trepnfagc braip injgry) acel@@a'ﬁepoaﬁ-%\w?abgen

citrate by fiunt &1@8niOfkin 1n419mm€to?r 9@5&1 rfeQJopaRl'in@Bﬁﬁl ng a crystalline
monohydr at e ‘of (4s)-4-(5- pheny

t hi adi azol - 2-yl oxy) - 1-azatri cycl or3 3 1.13' 71decane dilwdroaen citrate the

8_roce|ss VD(]EOIZ#EM:QAQ&BI%GJ&&J%QH@A ﬁ%g@e@&eegmlrohsrmg)raéaes @pape of 1 (a)

ISSOVIg thi adl azol -2-yl o .

azatricycl o[dgfsé afso(ff?‘eg]wdtgégﬂ‘é’o'i‘ ﬁé}.ﬁﬁﬁ?’%e)ﬁcﬂ"éfyeq'vrdyr’\?%ﬂ?ﬂégmﬁf’“ﬁleﬁ?%6ano| and

appr oxi mat eldyseése\/rﬁhlldjdasgmﬁﬁe iiphiemerdtagaatsenipar ménmure ingfairapips o icogiteley 75 C;

5(b) adjustldn h§ erature of the solutlontoaterrperature rangi ng
lt sc% rT%rema

from appr oxi fat al°y°e8°

1. The method according to claim 8, further coinprising administering a compound
10 comprising the crystalline monohydrate of claim 1 in combination with an atypical

antipsychotic.

12. The method according to claim 8, wherein the condition or disorder is selected
from the group consisting of infertility, lack of circulation, need for new blood vessel

15  growth associated with wound healing, need for new blood vessel growth associated with
vascularization of skin grafts, ischemia, inflammation, arthritis and related disorders,

wound healing, and complications associated with diabetes.

13. A process for preparing a crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-

1>"\decane dihydrogen citrate, the process

20  thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.
comprising the steps of:
(a) dissolving (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-

1*"]decane in at least one solvent at a temperature ranging

azatricyclo[3.3.1.
from approximately 65° C to approximately 85° C;
25 (b) adjusting the temperature of the solution to a temperature ranging from
approximately 55° C to approximately 75° C; '
(c) adding at least one additional solvent to the solution and mixing;
(d) adjusting the temperature of the solutions to a temperature ranging from
approximately 30° C to approximately 50° C;
30 (e) adding at least one additional solvent to the solution;
(f) maintaining the slurry at a temperature ranging from approximately 30° C to
approximately 50° C

(g) adjusting the temperature of the slurry to a temperature ranging from

approximately -5° C to approximately 15° C;



(c) adding approximately 6 vol unes of 2-propanol to the solution and

m xi ng; (d) adjusting the tenperature to approxinmately 40 C,

(e) addi ngoaprosdorately 5 vol umes of 2-propanol to theprswlustolons2669( )

mai ntaining the slurry at a tenperatwe of approximately 40 C, (Q)
adjusting the tenperature of the slurry to a tenperature of approximately 5
C, (h) mxing the slurry; and (i) recovering the crystalline
nonohydrate of (4s)-4-(5-phenyl -1, 3, 4-thiadi azol -

15yl oxy) - 1-azatricycl o[ 3. 3. 1. Indecane. 41. A process for preparing a
crystal | i ne nonofy drizing theplurry graylegssonsonsy and) 3, 4.

t hi adi azol - 2-yl oeiy}ecaveaagihewyt@ﬂhﬁé r?aoé’oh;dr&%}aepaweprﬂhmckmmaalagduzr ate, the
process conprising the ste tacting .anhydrous

(4s) - 4- (5- phenyl - 1Y9%%: 't?%?'g'aM%P‘z‘ Qﬂﬁiﬂf)d"wd“’é% i #eycl of 3. 3. 1. 13' 7] decane

di hydr ogen citrate with a solvent in a reaction vessel; (b) sealing the

reaction ves rot ctln the s on fr at nble

Condi ¢ oo Tnd SRR ST Photerd BESLRMAT L Okt 2prBpi A"
(4s)-4-(5- phény&FﬁthHmnhwaﬂwaawhneawvhowyyamﬂazambmmymkgwsnﬁsa Indecane.
42. The pr Oc%ﬁlﬁcapivatg a%h\myéb%gre p{hgth%eg%ﬁms(p{svent of step (a) conprises

wat er. 3043 rocess erein the anount of anhydrous
(4s)-4-(5, phenyl -1, 3, 4-
' 15. The process of claim 14, wherein the at least one other solvent is selected from the

10 group consisting of methanol, ethanol, 2-propanol, butanol, butanol acetonitrile, acetone,
formamide, dimethyl formamide, toluene, benzene, anisole, ethyl acetate, isopropyl
acetate, tetrahydrofuran, 1,4-dioxane, methyl tert-butyl ether, dichloromethane,
chloroform, hexanes, n-heptane, 2-butanone, dimethyl sulfoxide, nitromethane, 1-methyl-
2-pyrrolidone, triethylamine, tributylamine, triflourotoluene, and mixtures thereof.

15

' 16. The process of claim 13, wherein the solvent of step (a) comprises a mixture of 2-

propanol and water.

17. The process of claim 16, wherein the mixture of the at least one other solvent and
20  water comprises a ratio of 2-propénol to water ranging from approximately 20:1 to

approximately 1:10.

18. The process of claim 16, wherein the mixture of the at least one other solvent and
water comprises a ratio of 2-propanol to water ranging from approximately 1:1 to

25  approximately 7:1.

19. The process of claim 13, wherein the temperature of step (a) ranges from

approximately 70° C to approximately 80° C.

30 20. The process of claim 13, wherein the temperature of step (a) ranges from

approximately 74° C to approximately 76° C

21. The process of claim 13, wherein step (b) comprises adjusting the temperature of

the solution to a temperature of approximately 60° C to approximately 70° C.
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20
27. The process of claim 25, wherein the amount of 2-propanol used in step (c)
comprises approximately 5 volumes to approximately 7 volumes compared to the amount

of solvent used in step (a).

25 28. The process of claim 13, wherein step (d) comprises adjusting the temperature to

approximately 35° C to approximately 45°C.

29. The process of claim 13, wherein step (d) éomprises adjusting the temperature to
approximately 39° C to approximately 41°C.

30
30. The process of claim 13, wherein the solvent of step (e) comprises an organic
solvent, water, and combinations thereof.

~

31. The process of claim 13, wherein the solvent of step (e) is selected from the



3016.4 0.20, 16.6 0.20, 17.2 0.20, 19.7 0.20, 20.7 0.20, 21.0 O.20,
21.2 0.20, 21.6 0.20, 24.8 0.20, and 26.9 0. 20.
WO 2012/040404 PCT/US2011/052668
51

group consisting of methanol, ethanol, 2-propanol, butanol, butanol acetonitrile, acetone,
formamide, dimethyl formamide, toluene, benzene, anisole, ethyl acetate, isopropy!
acetate, tetrahydrofuran, 1,4-dioxane, methyl tert-butyl ether, dichloromethane,
chloroform, hexanes, n-heptane, 2-butanone, dimethyl sulfoxide, nitromethane, 1-methyl-

5  2-pyrrolidone, triethylamine, tributylamine, triflourotoluene, water, and mixtures thereof.
32. The process of claim 13, wherein the solvent of step (e) comprises 2-propanol.

33. The process of claim 32, wherein the amount of 2-propanol used in step (&)
10  comprises approximately 1 volume to approximately 10 volumes compared to the

amounts of solvent used in steps (a) and (c).

34. The process of claim 32, wherein the amount of 2-propanol used in step (&)
comprises approximately 4 volumes to approximately 6 volumes compared to the

15  amounts of solvent used in steps (a) and (c).

3s. The process of claim 13, wherein step (f) comprises adjusting the temperature to

approximately 35° C to approxifnately 45°C.

20 36. The process of claim 13, wherein step (f) comprises adjusting the temperature to

approximately 39° C to approximately 41°C.

37. The process of claim 13, wherein step (g) comprises adjusting the temperature of
the slurry to a temperature ranging from approximately 0° C to approximately 10° C.

25
38. The process of claim 13, wherein step (g) comprises adjusting the temperature of

the slurry to a temperature ranging from approximately 4° C to approximately 6° C.

39. The process of claim 13, wherein step (i) comprises recovering the crystalline
30  monohydrate of (4s)-4-(5-phenyl:1,3,4-thiadiazol-2-yloxy)- 1-azatricyclo [3.3.1.1>7]

decane dihydrogen citrate by filtration.

40. A process for preparing a crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-

]3‘7

thiadiazol-2-yloxy)-1-azatricyclo[3.3.1 1decane dihvdrogen citrate the process
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comprising the steps of:
(a) dissolving (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-

azatricyclo[3.3.1.1%7

]Jdecane in approximately 4 volumes of 2-propanol and
approximately 1 volume of water at a temperature of approximately 75° C;
5 (b) adjusting the temperature of the solution to a temperature ranging from
approximately 65° C;
(c) adding approximately 6 volumes of 2-propanol to the solution and mixing;
(d) adjusting the temperature to approximately 40° C;
(e) adding approximately 5 volumes of 2-propanol to the solution;
10 (f) maintaining the slurry at a temperature of approximately 40° C;
(g) adjusting the temperature of the slurry to a temperature of approximately 5°
C;
(h) mixing the slurry; and
(i) recovering the crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-

15 yloxy)-1-azatricyclo[3.3.1.1>7

]decane.

41. A process for preparing a crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-
thiadiazol-2-yloxy)-1-azatricyclo[3.3.1 .13'7]decane dihydrogen citrate, the process
comprising the steps of:

20 (a) contacting anhydrous (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-
azatricyclo[3.3.1.1>"]decane dihydrogen citrate with a solvent in a reaction
vessel;

(b) sealing the reaction vessel and protecting the suspension from light at ambient
conditions; and

25 (c) recovering the crystalline monohydrate of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-

yloxy)-1-azatricyclo[3.3.1 .1*"|decane.
42, The process of claim 41, wherein the so]vent of step (a) comprises water.

30 43 The process of claim 42, wherein the amount of anhydrous (4s)-4-(5-phenyl-1,3,4-

thiadiazol-2-yloxy)-1-azatricyclo[3.3.1.1>’

Jdecane dihydrogen citrate comprises
approximately 10 mg to approximately 500 mg, and wherein the amount of water

comprises approximately 0.1 mL to approximately 2.0 mL.
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44. The process of claim 42, wherein the amount of anhydrous (4s)-4-(5-phenyl-1,3,4-
thiadiazol-2-yloxy)-Il-azatricyclo[3.3. 1.1*"]decane dihydrogen citrate comprises
approximately 50 mg to approximately 150 mg, and wherein the amount of water

comprises approximately 0.8 mL to approximately 1.2 mL.

45. The process of claim 41, wherein the solvent of step (a) comprises a mixture of an
organic solvent and water, wherein the mixture comprises a critical water activity of

greater than or equal to 0.15.

46. The process of claim 45, wherein the organic solvent comprises methanol,
ethanol, 2-propanol, butanol, butanol acetonitrile, acetone, formamide, dimethyl
formamide, toluene, benzene, anisole, ethyl acetéte, isopropy! acetate, tetrahydrofuran,
1,4-dioxane, methyl tert-butyl ether, dichloromethane, chloroform, hexanes, n-heptane, 2-
butanone, dimethyl sulfoxide, nitromethane, 1-methyl-2-pyrrolidone, triethylamine,

tributylamine, triflourotoluene, and mixtures thereof.

47. A ‘pharmaceutical composition comprising the crystalline monohydrate of (4s)-4-
(5-phenyl-1,3,4-thiadiazol-2-yloxy)-1-azatricyclo[3.3.1 .1*"decane dihydrogen citrate as

an active ingredient and a pharmaceutically acceptable carrier, diluent, or excipient.

48. The pharmaceutical composition of claim 47, wherein the crystalline monohydrate
of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)- 1-azatricyclo[3.3.1.1*"]decane dihydrogen
citrate is present in an amount ranging from approximately 0.1% to approximately 99.9%

by weight based on the total weight of the composition.

49.  The pharmaceutical composition of claim 47, wherein the crystalline monohydrate
of (4s)-4-(5-phenyl-1,3,4-thiadiazol-2-yloxy)- 1-azatricyclo[3.3.1.1>"]decane dihydrogen
citrate demonstrates at least one characteristic peak in the powder X-ray diffraction
pattern at values in degrees two theta of 8.4 £ 0.20, 11.3 + 0.20, 14.2 £ 0.20, 15.5 + 0.20,
16.4 £0.20, 16.6 £ 0.20, 17.2 £ 0.20, 19.7 £ 0.20, 20.7 £ 0.20, 21.0 + 0.20, 21.2 + 0.20,
21.6 £ 0.20, 24.8 £ 0.20, and 26.9 = 0.20. |
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