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PREPARATI ON AND ENANTI OVERI C SEPARATI ON OF

7-(3-PYRI DI NYL) -1, 7- DI AZASPI R 4. 4] NONANE AND NOVEL
W@2009/06RVS OF THE RACEMATE AND ENANTI OVERS 5PFP@t/tiSzon9/000242

the Invention The present invention relates to a

PREFARIOTUONAND ERANTIORERIC SEPARATIONSOP YL(B BHYRIDINYL)-1;7-

onghSERES sHNANEINE oyey sas1qmep 7 THE RASEMATE AND

ENANDIOMERS- pyri di nyl)- 1, 7-di azaspi ro[ 4. 4] nonane and to
novel salt forns of these conmpounds, as well as
phar maceuti cal conpositions conprising the salts.
Field@fithe lnventiop, t he present invention 10i nvol ves net hods

f ofrnd b%@&ﬁt%eﬁtldﬂ r@Paté‘s% 'a‘?ﬁéfhd?ffo:ctﬁé‘ gretdaﬁaﬁgn ami<3- yridinyi)-1,7-
di sorders, ul ar condi tjon

iazg I A0 na) (R0 Y HTBN b IBEASPHEL ATAnARe: SBHASH (L pyrdinyl)-
1,7-Gibi3PIPOH @ INORANCOAIRI t6 yugm g3t fornglofigse dompbureds| as Wyl as
soraders

onafieeer S R R, S8l b SiPlyercr
involys$ mgtholde fon treatingssawvide wanety of con@tiarisgand wirgrdsirs, mhe particularly
con&'f?ﬁ@%‘wb Qorders assgagte& AR eﬁf%h&n bah& Bl er atﬁ r'ﬂéil\?ous

arget neuronal nico receptors
systRmS\ATd40re PRIGEYIATCOREEPRA FRslisorders Wg'é*rbf;%ﬂ ke K‘?ﬁ&@ﬁw%’)‘““'a“o"
of né\@6nd) AR BtididRcSptbis@RNRSY, uSiey BeadovélR¥itRwas.(Ssee, for
exanple, Breining et al., Ann. Rep. Med. Chem 40: 3
(2005), Hogg and Bertrand, Curr. Drug Targets: CNS
Backgrouad of Bhedaventiadt 123 (2004), Suto and Zachari as,

2 O %ﬁ@ E(e"aggﬂﬁé’]%%“%rc%f Jf'?ubﬁﬁ{o% trgai Ea%et %ggrgf%l (S‘b E r@c%ptors
(NNBE-)n alse kmqwra?ﬁjn@&nm aeetylchipiine reqeptegs fr'éP@BtS)s hagheenae sidiect of

sev@hﬁé\ﬁ&vs bee 3exarBiZ Bleinify &, ARYE RebNWied. @heh 40.CEER00%)SHogg

ol E@s&@?%w?% he °E\$3§§§P%S§¥t'3§?3%cha"as

Expeht Spins Bheraldrgets Bodl (2004)cDéni et slot&te:rg Mt Cherni (zsipid: 8B 2

ok IOTE R O, Cl byt (S IPAR ot e
Amangdhs kindsiof |muqmgwhlc@yﬁdlga s have | e@yprppoqgﬂ @g therapies are
cogi We%&der%ld%ﬂkheu%r%n&asé attéﬁt?on(d%ﬁ&?& |sor5@rP£’Ad et

. 1057 Q0
schlm Alswhaygest al- (ﬁ‘f’f OpimpFy 0@’(”1’2@% % ll’é’ﬁ‘r"i‘ﬂg Rezvani
CunDDsagy Thrgets: CNESBNEZOD D)spid. pad a3 (200R)] cnfahammtau @ur{ DagkRirgets:

. : 4(3)
e il e laga ISP o . 357 49l 1057 oo
and (MxGeey) andiallen, Ca@nrlirug Cpigats: CNG NeDrol dds@d. 176833 @002));, pain and
mﬂaMm'aaﬂoﬁ ED&ker et 3PNSWF 996! Izﬁ&? %hl—:gr%(tﬂ Abg Qf&)qf)\/)incler Expert Opin.

Sl on and anxi ety hyt chratry
Invedt Dyps 106G 3191 GRS G Onitoin: Prigis B Bi(2008% Mis! 4.
NeutodbieAde 123hyt7 @064));depressiolamsnxidyeshetie/etldh; MBP Psychiatry 7: 525

(20095 Bkl et X oL B0 E bt 175 S0 et o el oo
(2002)); neurodeiRiene ationd O Nefitket. al.,'l'ﬁerr Dra8@Garges2CNSOEB)ol. Newrd et 399
(200% T%l(ata efal,, 7 (flﬁém:%%/ E, nna rs ané?%@%%)l@la rnga%jL +J. Pharmacol.

ar |nson | Sease caf us
ExpNehgr. 398 16 @8%4» f@r'@@onséﬁee%@mala anetBYscalgpea, BuiNeiKpssi. Res.
66: wsctzwnpk@dlctﬁhqgmgnm ERBC 58K BidBemSPhdriidbal)63: 89€208b), Coe et

. Bt B 58, 5 1o g ) 440 57 b crm

3: 84Q0®))); ancdiduréthels eyrideorse Sacch etrad,, (. Feyclpdtmadcol, 18(4): 457
Psychopharmacol . 18(4): 457 (2004), Young et al.,
Clin. Ther. 23(4): 532 (2001)). There exists a
het er ogeneous di stribution of nAChR subtypes in both
the central and peripheral nervous systens. For
i nstance, the nAChR subtypes which are predom nant in
vertebrate brain are a4p2, a7, and a32, whereas those
whi ch predcm nate at the 5 autonom c ganglia are a3p4
and those of neuronuscular junction are all yo5 and
allyE (see D/voskl n et aI Exp. Qpin. Ther. Patents

Ao~ a NN N N\ _l - o, 1 - " N | ~l
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of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane, in terns

of both their absolute stereochem stry and their
w@b@engisel ogy and toxicol ogy, to determ ne if BemUk®09/000242

the enantionmers (and the racemate) may differ in terns

(200%), tduag apRVCIi6. TeReB(4). ﬁfazr(zm:alr))l ous conditions and

glr Z'gér%fe&%mpﬁt?r(gﬂenq%ﬁ S&E@ ion ‘8 H?ﬁﬁ% ggbtgfes in botpn?he central and
perigherd-newolslsysidms. Eo7instdnee &wmAQtMubypemwbunb areuredhnunarg in
vertp Bl RS brelia g?u&'f 1,6k 6882, Weke%%_tr%gg Wit ré&’mﬁr@te YSfe 1 N

rmaceuti c CdnpOSI i'ons he prese I nventi on
autoap@@ gangliarie 364 ard hese eidieurgruiseyertivieypryargfalf1yd and alBye

(see7n\b§skmgtbm Xl Dpik: Théh ﬁataﬁteuooiséwddoo AREHS Ay 2bhiey. finda.
Ie manuf acture. 30Further, e present

Che{’hﬂ&%ﬂ 6%@‘48?0&3 a net hod for rmnuf acture of
7- @3mmyr0rd¢frsxbin)a nlgofinic doragass istthat.tHdyrene associatedawith various

undggjr%FJ d%létff'egtg 8H‘mt=.‘° ocne te@nﬁl‘, Bl{nﬁﬂé Eo rlhalﬁ;ﬁlg RI\CBQ li)t&%ens. 6l1:|o§ o

example| mrmtbrsg tpmmamglatwn:@ﬂ mgscm ;gtaamjloelcgéphg subtvms can lead to

SIdetebf?c@ Which bﬁ Ilﬁ\ﬁ kb lﬁiﬂigto'f a®hrticular nicotinic binding compound as a
pyr I |ny i.azaspiro[ 4. 4] nonané and net hods

the’%ﬂeuﬂ‘f é%Fa?P‘ES‘rF"Eﬁ effﬁ?@éléc'%doﬂ sgnificant 156359y K1 RIpeshpressure and
heait Fté, Y@ Ficanthegatieleffefts Qpatihe gadtariniebihaban  aidisighifiehnt effects
7-%?%%%? dinyl)-1,7- diazaspiro[4.4] nonane into its
upop i s, (R - and (S)-7-(3-pyridinyl)-1,7-
di dreaspnpaind.74Btpyriding)-1 Vidiazasgino[4A]nawaneisthneuronal nicotinic

receéfo)r g\q{IR)q'PQ u'laﬂort\mhuéyéc"tlh J@rr tf}ﬁﬁh eso(?tﬂlc%'hbtglﬁ O\ZHI‘ othePnicotinic

tartari c aci uti1 on ves
subtypgs; for emmn'¢ dbe FOREYRS: V@tge?ngll%&t anslibe Aysele gUbtyRas. no

c thﬁéTBérﬁlﬁHLﬁhlaW(S -pyridinyl)- 1 MR SHRM4]hdhafB bi &Balbtherof is believed

to pipge BETS TR M Tert et piss b eeiralst o us BistiEn8T disorders

The &amplouridy itk syntHesns; anditsi ube iramethouofonddighireatinant, is)deaaibed, for

exar? ge U‘% P(aan'ts é‘@é 421an]d 7,291,731, and IFAJ ﬁ] angllcatlons 11/207,102 and

pyr i |ny diraZaspiro nane
12/042 468, rm PRItRNY P IT&p2(P dieTeby insprppfatestbygglerance.
( Rrhd cdmmEberal déxfé‘!&p)nekt dr Frag asid=8d, dudh ad ﬁ(ﬁaﬁwndﬁpﬁh 7-

ridin - di.azaspirof 4. 4110nan and
diazbggofd ARrhE R ANES KTy saeeée'm'aiﬁ%meﬁﬁv%omﬁ 2 AR Bastive
synthéticafidtient thas adaptabls to alaegdrehie@vadfacturing grdcesse Gdmemercial

devég ee?ﬁg%liéo g{\]/o{ill\ng% he@?%r%g r%waﬁﬁ&%‘ o}%%pcﬁgégdb%gl ?e that exhibit
swt@lﬁmwﬁeghqrﬂa@l Stelbdvtya@h@rmazeutlchlearmm rilaragtegistics that

facﬂﬁe{‘f@h&{v@hlemﬁ?hﬁwg eh'ﬁﬁﬁ@oes&h& SEurfh@F&E %ﬁ'lp@glﬁorﬁeédnfa‘i’rﬁﬁb the

ca able of treatin enting dis di sorders
tewr\oi"@ﬁ?"?\ﬁfl e @eff@‘let |TH§1t '§|t'§‘?‘f ‘?"‘Pt"&ﬁlo" xhifit sugnlfcant
chalﬁjeé arghysiascheaiicd ekbridtédstiocsictiiab youdhotdiaiiigd ita) @hémiaald

BTV i i Sb. P B s
overraa'ta@preglaglﬂ Heried at time gAdditiomally, fepraducibBgndreonstant plasma
con&ﬁﬁétfo‘ﬁ Préth&riany uﬁoﬁaaﬁfmrh o@ﬂo%gtlhﬁtaa'?é afeh frﬁ&}rt%lnpfggtﬂrs

skel etal nuscl e. resent 1 nvention 1nc
phﬁ?‘ﬁ’a%?éu?weafe e8nRaYi nﬂﬁfsrﬁ%f fobppl foanyigtionRAug to their tendency to

exhibiythest propertids |g-aCbrétéB@1ﬂh|M€y4arﬂi iR eREd38e @Nhisic drugs such as racemic
r n

7o g Ll Bt il 8 TRk e dpadadl additon st
are ¢ften thepreferied ahlt toomp bbhvbvemd;ff@énttslare fqume ganytgreaty émtheio ability to
can be used for treating or preventing a wi de variety
of conditions or disorders, 220i ncl udi ng t hose
di sorders characterized by dysfunction of nicotinic
chol i nergi c neurotransm ssion or the degeneration of
the nicotinic cholinergic neurors. The pharnmaceutica
conpositions are believed b be safe and effective with
regards to prevention and treatnent of a wi de variety
of conditions and disorders. The present invention
|ncludes nethods for treatlng or preventlng dlsorders
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30di sorders, bipolar disorders, generalized anxiety
di sorder, obsessive-conpul sive disorder, rage

Wb, auti sm and Tourette's syndrone. | nPORES2009/000242
enbodi nent, the disorder is selected fromthe group

mp&@tﬂééesﬁrbﬁéhlé’g aﬂrs%cﬁaimpbﬁeg 84arRiat bepre@istel With 'ﬂéé%bnable aocuracy

For a5, e SaU, e ol 2 AP e e OpPEieso w14 B hye 101ds

viscolesnais t dor gume at ambiant tdepentures, FAlBSesTBOME 3alt fmps eve, stable to

hea?nﬁ’ligﬁmgg e%(reggg%hglﬁ%' a%@o't}h%'rsnr%g&@'o%go &gslé' Jﬁ?gﬂnuc’ch milder
sease rogressive supranuc

congiiidnsy This tej dﬂyebnmgnthﬁerse&ablq agidiadaition\alt favaLf g basic drug for

use m&wéﬁhase%@au C%Fégl%fn% Qh@ﬁ'&%gl@ﬁﬁ%@ﬁﬁpro@% | epsy,

attention defici di sorder ention deficit
hy pdgitienally;jitis offgnsngtizial t?j&%P'éS‘( [agemic qoMPaHR{se e -(3-pyridinyl)-
1,7- a.siusam[h apahény I’I‘itcdlhﬁiﬁirdiﬁﬁduaﬁé’!hhﬂ@ﬂéré E’e&tda‘v:l@ otkths endttibmers may

exhn%wpvu F% 8k P?Péﬁ‘tan&?%%\ﬂ )'and foxmglﬁ%nc% %0(93 ﬁéﬁefssscoh?%?e%qo those of
the ather@ndstionies apdii®santibe satdémeatd. depa@tien akpEeryridiny-ne-
dszé&r%gJ‘J dn%}ﬂé Htd @eﬁa{r‘\%r#?rg%ag FRIEAFinf08. pdi&dls 928,085, but the

pal n mrat 1 on conpri sing.
metmdﬁp@ qhﬁ@lrt beaugngp stifal psid eV the spantigmeric mixture into

dlasféfré&ifénb‘émldﬁ@émbmﬁlfogﬁpﬁi@ %B@éialﬁbn(b? tHein‘m&ésSSﬁdl&hemlcal cleavage
i nvention present i nv

of ey M8 Obteid iy oA ATIEY e et e Y Ievigteand
varidthe prioduct parity an@amfnoaamenhmaw&argg bcale $ymthelsise &urtkermons, U.S.
Paté?ﬁ § ggé]i)ﬁé)@oe%fnoPaH?ac%r,zegrﬁé m&&g ‘as ?&%h@f ﬁ&% uté) f the

1 nventi on es a conpoun present
ster¢qwermstrb ar theif phammareiogyr angttexieplegy. Hinenantomegic sapatatinn

amelnaislé HEBRIrh&tBial é@@t‘?nﬁéﬂ@@te %Eeiﬂé@un%l@éﬁf@bveféié’&rﬂdd%
i ncl udes a net ho paratio

e AR TG S PR Ear s S of Hssed s v be
highttsaieatageces. Aaditioraily, itfis aeceasaty to characterize the individual enantiomers
of 7S PR R oG S ERERE e orbol e BhsoRS ARy
and theif pbaimasolody alhfiatomglqm ithdeternming if andlegyy the enantiomers (and the
racefGRd) AR L dmer Wtéﬁl‘i’sl bﬁhé?gpe?u“be BERGKOF ddrfous Ebhdifon¥ahd disorders.

hydrogen over palladi umon carbon, and 15then with a

nmetal hydride reagent, iii) pall adl um cat al yzed
Sunﬂﬁmeillﬂailméhtc&n the resulting 1-

d
oo dfd Bicserk e R Rt SR BERR P A Ry g by L o
dlazesmnowmorpae | meﬂusrmgmromcbgfrsuffa@nmrlty ang quadl fertuse in
phawc@@déafaomaoém&%e Wh%cp‘?és%plt @%fuéﬁ RS IncRiged Q%emo%%&nﬁ?

i nvention I ncl s a net separating |Isoners
syntl7e5(|%of 72@Wflglaylh§, V)dquaqplm[da&]agrﬁnpéwgpbjﬁ flqb%wgescale manufacture.
Furtﬁé}m’ﬁé iprdsa gt mv(dn)uon: POMEsS & ﬁhgth!oalm nsarmdc&rr@smm@namw s, 7-

one or

dlazg%{ﬁlrpg]%ﬁréo&aae or(:r\ PslaWnSS?lgFFlﬁgacP?'Péat?I% a?leﬁ&‘g'ffgf) thgp 1S sca?ab(l)e to
comghierd! grapufiaeturec Wl invenbign élsamtmmhaungsauatally 2ateiptable salts,
i I
w8t o AP P SRS AR g e o
prepreatinpaf thesssaltsch process. I n one enbodi nent, the

Chirh@Invétio includesa s@élaﬁl@bl‘bc@iﬂure for the separation of 7-(3-pyridinyl)-1,7-

dlazégzy g1.4]ﬂ09%q£%t9||ts E%gﬁjﬁ%g},q?{:t(g)rc d ?§)- -(3-pyaquli‘§ gect of

diazb$parofh. Gzmiane, vievesdlution witho eks0 ap-tuhldybk}tafrtanc acid or (+)-di-O0,0'-
preparation of (R)- and
(S)-7-(3-pyridinyl)-1,7-di a3zaspi ro[ 4. 4] nonane in
substantially pure enantioneric formconprising: (i)
conversion of a suitably N-protected racemc
2-allylproline into a pair of diastereoneric am des by
condensation with a pure enantioner of an am ne
containing a 30chiral auxiliary, (ii) separation of
t he di astereonmers by neans of either chromatography or
crystallizati on, and (| [ |) con‘pl et| on of the synt heS| S

- " S
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As used herein, the term "pharmaceutical conposition”
refers to a conpound of the present invention

W@piovoEbl y adm xed with one or nore phar maceulCTEHEL099/000242
acceptable carriers, diluents, or exipients.

p-tolabwmmana adid| THOEBOIGT AN iAViveB effitienticliorax biyktallization and
tability to environnental conditions so as

degree, 0
req"l'ﬁﬂ%ﬁ%’%‘ﬁ%ﬁ%ﬁ abl e for manufacturing and
5c dherpresedntlinveatioroais pincipdssghamaceuticafigaceepldblesialds, such ascthe

ben},cﬁé ?gd ?ﬁfyﬁ%&%ﬁéﬁ%oﬁ@*&n%andehé B&4 W&Mkhl?r@{]@ﬁ" Ahd mule

an anount npound of
(galagterichpeid safts af (e A0Y 6N <GrAvridinght 71d@Ze$n"@[4t41@<H@nae%ﬁdra&9

metp&mrﬁ?@gg,@gbﬁgﬂthége dalier apeutic effects, thus resulting

ctive orey ntlon r treat ne dji s
NS WA TR A AR R SR T U
diazdspia{d.4iprane hﬁ@trfevezhhnnﬁageuﬁwllwocgptelsle salts, when braployed in

[ I . .
orelE 35k, 5 UG b 0035Iy Bl o S TN
appmcebledmranw viith theay Nélﬁ %@tv@y opthg eicetinie suliypes that characterize

the RirhdH g6t &%Ie@%&?ﬁbﬁeﬁ&émhgéé édmbogggg irﬁ%ﬁ@ed @bpddneor

rogressi on h
treag&quprqyﬁmr&pleegs%g iSQEders ?ﬂgi qququnstVH@OBz_ﬁllFIﬁm SIgmf icant side
effedis askpeitddcqif d%twntyfw gahygliasie anc$ hdgdraudcural bisesc ISyish ailde effexts

mcltb({e sbqnglge rct(?%tg% /gt?degrg% nd]hgegrt?%é su%‘nlfﬂ‘y\]1T ?’e%é%ve
upoid the gadiro-mtesdfaifract; g agmlf cnaet effects upom\skageldnwseleel n, t he
phrRs Sreséﬁ{%feﬁf‘éd lﬁJ:IIJ Y Eméc\éﬁﬁdai?éo‘?r%%m%ns%@ﬁdﬁsb(\g (R1 7-(3-

purit pure, Inc reater referab
yr@n@at 'aﬁmotéeb}eor@ﬁe an%f TSy EdiB; wﬁraéawrol‘& ﬂa?ﬂam%
phafnfacButicBileRiceptablB3aItSthgresf. TH, phﬁ@nac@&ucaﬁ&mp@élt@l@@f the present

. lit it 20The t ity defi ned
rvefifybe e Lo dinar et vine e eanfiorbres FBSRers.
mclmilnyjhdmetcysorddneclmradtenz;ehrbaslesfumnefnmfo'adotlelbabollnetwﬁ
neu}oﬂgwsﬁorf &%éeg %g‘aerr%}a@l)n quhec’hg&ﬁl#éé’%ﬁ fr&f: %Ur%ré M4Nti on

an 1so orm or ormo ornmul ati on ]
phamacamce}pqntpopigorﬁ Febgligyed oemgale apdefigictive with regards to prevention

andIﬂ’@éﬁﬂ&?&;ﬂMG@%%&@@%H?@MS&!&@%&&@ di l uents,

|l ents or .a \YJ S as .|l n an or

£ ThE bt iny@nud R ot 2ol oo Bg g‘awag&s and
conditionspsuch tas ICARdi@drdensdnbodxdisordens tdudietionsnisfignmbtiaaitflammatory

resp%ﬁgé &go&&e& ngggi%%? abﬂre ﬁcgn gglﬁ,ﬁrﬂgﬂgbﬂc' ?ﬁdroﬁl@d

rase
autqammem diggrders, ertadias d§arcte§ dgfscrilied in wemdectml hereignThe methods

invihveAlairidleridth d sliBjefia tﬁérab@utkm efrfeet%%fno@nﬁ&lal &meound of the
formulation in which it

adm wi.t h
PressALIPYRALRP' %%hqfvaa%'eﬂ&vsswt%?ﬁ'té*ee;eofcﬂrmﬁfrgaceut'ca'
comﬁﬂllcmcfbﬁtpﬁsmgtheadﬂnmpb&l‘id§ such as in an oral dosage

orﬁh. g‘ tﬁg 1%3 rﬂ v% ho%a}RaH cor% é.t Sve WNHs iagnostic
nor RpSEg A e e R Ehusi RS cofprdra e e PR g

con I'nsrgni
agedle gnrém re¢epwlhlrwlrgsmcte8t amcrmeMBreun such as
Cr hbakhéct 8 the Breséﬁt%)éﬁﬁ&H .'nbléé’és' aWbcmSééllt'o?‘? 5 ewd.maﬁﬁ

transition, hydration, dehydration, solvation,
diazggRig[4 ARgnane. Wherein trB(agpplp succisic agi eraxalicagy. algé)ne embodlment,
the ﬁﬁlﬁﬁibrhet@,ﬂ@nolarﬁﬁﬁd)l de7-npyridiny!)a fﬁdl@:fasbi%m ahahaietd e acid is

C an ref o] en_0
net R e g a8 ety e 1 o gmen T o of EE o
17Q|Eza@plrd43m0®nqdpél$$am@s 1of. bet ween O 1 and 2 bars,
preferably at atnospheric pressure, relative hum di ty
of between 5 and 95% prefesably 10 to 60% and
exposure to 460 lux or less of W/visible Iight, for
prol onged periods, such as greater than or equal to
si x nmonths. Under such conditions, salts of the
i nvention may be found to be |less than 5% nore
preferably | ess than 2% and especially |ess than 1%
chenical |y degraded or deconposed, or solid state
transforrred ~as approprl ate The skilled person wll
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10of solvent relative to the
7-(3-pyridinyl)-1,7-di azaspi ro[ 4. 4] nonane salt. The

W@ ewpeIstl t he present invention includes hydrap@duszed/000242
solvated forns of 7-(3-pyridinyl)-1,7-

di @?\é%@béc@ bfithéd brdsemamentidn i ah akib sblh@ff (B9F7-(3-pyridinyl)l 1)7-0ne
dlaz"i\s;zl@?ttﬁqr@pﬁwq)erqn ﬁeoqcyzlggbqrpgthpcszwom% a(afi (5) -mandelic acid,

benpdiaacie, pdudmotsdnizyic acid en»hﬁdlb)wbeazloic dcle palattaris (mucic) acid, or (+)-di-
0 Osérpd?n% gpb-té""t%n\é a ﬁr ?\nﬁ{th %%'e&%e p‘?@éeln%nvérmorq %&n acid salt of (S)-

7-(3(nx<yldlayl)(13715wiaanlrngﬁi 4lnonape dyhereis ierasjdds hydiestaiic asid, exalic acid,

(S @Qﬁd;{’ig%?&'gieﬁ% it ¥cn@cﬁ3§r9%9ér?zoﬁzaéc¥d bR¢dr8Qfoehoic acid, galactaric
ub i

(mugig)acid, P@Up‘iiﬁlgl h%"j°—yk'-‘79"@i”82%i§p| ro[ 4. 4] nonane. | n one

entroshergiiodinidhg, the stonchlometry (molar ratio) of the isomer of 7-(3-pyridinyl)-

d
R T
stoichiongtny (mblaofatia)ad the 3G 9etnf 7\7(/a1pgr|rp(|ny®o1ﬁ;—a|ag@spgrg[4(4$)on'ane to the
ac.dc§'>1 BY ndlepbei nﬂeni.gém gyh%r%xfﬂen%l@% sdlf ef erabl y

ter t referably greater

thQﬁe%%Cb?ftWéP@ﬁ?"t'%f‘ nypeedasdB)--(GPwidinvD-khan 98%
diazB¥pird. QﬁHnanaHﬁ)nmbSﬁydﬂfx?[ﬁ@izaélé YARGHelaspes |ogihb pedsent |nvent|on

1000/
oot TG AR gl by S sregpiob PO Tng e P eFo BeteBbiay: oo
f 0Onpraspaxt dfithe plesestanvienfi@r indudes{R) &(3-pyridingl)gr & par at i on
diazRlpirbld ShdMaht 8 nggz %Js&gaa@aﬁgkég%g‘(gy‘lg%gwm §.
diazgeplingidi 4nengne pha salt bereshse of suitably pure

7- DAe I%!éﬁéc@'bﬂbfé bresént?m/éh@&ﬁﬁaudéa[aﬁ Al RNINER)113Pyridinyl)-1,7-

sui.t e solv the acids in pure formor
dmzﬁ%""&&%‘%@f‘%ﬁ‘ %’&’sﬁﬂ{}"éﬁf?%ﬁﬁﬁ'nﬁﬁqr@s in a suitable
sobwembpect ofithg pesentiinvgntidreineledas|a phagnawiuticat cdropasition|
con R REE B STHBDALAERRLLA s ot o o giatcaly
acceptrbile egyriafvapor ati ng the first soI vent and addi ng and

newng ‘alsﬁfé%%f(tﬁf‘ ?éé&ﬂ%ﬁtﬁ] |ﬁél&d&ra rﬁétﬁ@@fo(' 'tréé@ng%? pfe’i@lﬂmg a

( ectin
CNSﬁ@oréQr(ﬁomr iFRGagrpinistesing @ngs‘l'ﬂl%t '"Sﬂﬂeglﬂ'@r?fgﬁe @ﬁ?‘ft'é(? Pﬁ'ﬁu“t ofa
compithdio tRegrédent iBve@itiph aYedaspatt of &ie\predeapihestioh aricdludes wse of a

com?gl.llnd o?i he qtrgs tfﬁﬁent%ﬁllr}utﬁg ﬂ\a%ufagtg?eo é’}r Q(P éyn%nﬁfor %he treatment or

el
preVIehtmntoétaquﬁS diserden One aspachelitbe presend mvept;qn in¢ledsis@l compound of
the ;ﬂf@@én@ RGentBh Wluséﬁ%@attlﬁg oPPHvaHiRG QNG dib&der. Ih bne embodiment,

Resol ution
the djsqr éefﬁ/?q'%ﬁt?ﬂ/fr 9m thegreRsonsistindgf manja, grdety. depiessiopPanic
disoRiey) bipoREdiSorders, gene&mmmmpcﬁlgafeerpb@s"ewe@u@mméwe dlsorder

aoq U bt SHETETERy S PRI do ol P Bdimbf R cdorddr
Seleeﬁdtﬁonndlmegroﬂwpmusmﬁg ofwreabnilerdgarentia Garlg snsebAheifmer's disease),

T, (G o ot AL L) o
demmgﬁcelamraent'ﬁ ADFArmentia serarlsx, Pz!ég@am@nt'a&Parkmsomsm
lncltﬁﬁl‘g@aﬂmﬁbﬁ% d%@?e Pitkls. digbasd, PPogddssivelsuibraftidicar palsy Huntln ton’s

I nternmed es ve al so heen ted into [
R e R o S R R
defiditlisordes dittatten defiviehypeattivtyaisocden\dysierid, dchizbpigesiat | ve

phar maceutical ingredients. See, for exanple, Taber et
al., Organic Process Researsh and Devel opnent 8:
385-388(2004) and U.S. Patent No. 6,995,286 to 10
Cipla Limted, Munbai, India. D and

L-Di-0,0" -p-toluoyltartaric acids are anong the acids
t hat have been used in the resolution of racemc
organi c bases (see, for instance, Schaus et al.,
Synth. Comm 20(22): 3553-3562 (1990) and Acs et al.,
Tetrahedron Lett 32(49) 7325 7328 (1991)) but

o o o "
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20 conposition conprising said conmpounds can be used

for the prevention or treatnent of various conditions
w@eoodiosissder s for which other types of nicoti nPCI/US2009/000242

conmpounds have been proposed or are shown to be usef ul

sch@@pfh{rélﬁfbﬁpéib'érbérs scHiztdffie@ive @M&dteﬁ gma@s ritivel r?ﬁélanél”mw@ ,and
I N a res ons at e er.l a and
agexFRoR SR REE UAPA R T CARY B e EEgHEB e SRrds cHigiance

adddtisor ders or ot her d| sorders described in further

deb%e asp&t 81‘ tHe E&gngﬁveﬁ%&) Ekgé% Jﬁ@th% ;Y gpgtmld%‘?ﬁre@éntﬁg pain

di agnostic age I'n rece cﬁsﬁf
or lrﬂﬂmmahommmlsms@dmlrvﬂ@rrrmpt@atsubjecamuneﬂdﬁbﬁerepfe?@ eptiye agroant of

a co‘?rﬁ)%ﬁﬁd Q‘Qﬁ’e pr%@éntﬁ?@ﬂﬁl‘lne Orie"bsF)&ft Bf hE %Fé%eﬁtr ifEnB&ISinYludes use of a
l'isted herein, includin ians et al

compgyndpf the pf?%)“i '"Z%'ooi@@gfnanﬂfaﬁt@ﬁ o aépecchamer@uq%trﬁ,t[f@tment or
pre\Bat(on olbilh or ihﬂ%n’(all&ﬂ 5Pne Agpeetrdf theqirestint mv&)mn irfopides a

comRour]gﬁoé hr?apc{% ht Exﬁgtlo?ﬁoerrus %7%3 ?%ﬁﬁ@r?\%é@%%e Eél o?%ﬂﬁl‘umatlon
et Oak aspert of3be Presentdventiordirgudesaanethod of premazato(nm %4y,
pyn%@g ; Blaz Cﬁémro[ﬂﬂngﬁﬁé r@aﬁﬁhsm psuc?é%@ﬁle r@a%ﬂon 8{9&9 alkéﬂ9

est he (0]
U P SIS AR S A

brorkdR8@itril10) sediamtiat tedaktion of thelYBslitifglay 1-86(z209)2- 4169- 94

e SRR e, 54 VARES B g e B

thenRgithenmetislblsydrifie Begedilid) pallaBemchtadzed caatdeabah,on 5f the Tes@kibg 1-

b<-3néf|D é@ %ﬁ%&ro@t{ zggor? (ﬁﬂ ﬁﬂw%&%: ?érreglloval%f]me enzyl group

by h&@fﬁ@@mﬂmow “‘lehéa%ﬂégb?ﬂ carbpneag W@'has ﬁ’rﬁélll%ﬁjfoﬁ'ged ff°m SUCh
procBB@r maceutically acceptable salts, or a phar maceutl cal

osi ti i si.n aid.c ou e us
© nOhe Pabech b BlEpRUREAT YOS 'vé‘tﬁ%f’{ﬁeaﬁfa Somers of -3
pyriding)et, Tidiagaspirnjlajtbnage narapristhgg@rened tingeinthi dasteleoraeric salts by

AP B BRE5h 0 AR R

d'asﬁe@?ﬁmﬁf'lcts?l@ﬁ@ fl’ﬁ?ﬁo'ﬂfé ciystatizationt andiii) 'éheraims\mmffeecb?@% fromdhe
|soléi‘&iC éa@‘tbb? tr@ét%eﬂV\ﬁiﬁHJEE‘s@ %ell a&ﬁo&&&s&&%d@% QGdﬂeréMé? In one

| disorde
emEQEEnep e (PISBAACHL IS 55 B g1 C Mt IO DI ASgand: (-

0 Opp—WUcﬁeL-twuanoadﬁot ection; to treat convul si ons and
m"b‘ﬁé% Sec?gfr tﬁg é aljatnrﬁv% ﬁgnsig%lﬁé;eeitagrﬁ%bo%?gFe%éricégérg gfr (ﬁ)— and

(S)- b(fapsgldswléﬂ 7td3aza§nlm[é>l4]npmnearmmsﬁamallymewtlnmamaﬂom

comBNqugp %y&&%&:@%ﬁ ofd @uﬁ‘ébw M- ?Fcft@cﬁé&racéﬁﬁle @aallﬁprdilﬁe Hoeaaﬁalr of

annatory di sorders; rovid pain relief
sl RO AT DY S ersetWilh %M%?nwgmsg%fmnsam'm chntaining 2

chirdl aaaliary) gu)ksaﬁ&rerdradf thd diagiéleomansby\vhdanb of &ifhee Ehromatography or
seases. and conditions,t

cofe Rl O B hREN ot B FRRES e B A 35 e ol i
cleagec:denoe emb@memtmmlrbédlastetﬁomemt inteanediatep isghe htbemeey!-2-
any@%eetﬁ?e%am%r&gemaeg mpai rment (AAM), nild

%nl tive age-rel ated 15cognitive
he ?F@PFRI&ICBP“’%PE‘D!%WP'P @'%@ﬁpmama%\sw aghpsts, embodiments,

andﬁ}etd’n@rhdéer s disease, senile derrentl a, denentia of the

Al zhejner's Alzh r's d| co
BB tTRRinG A bine Apests EfasesarL Ryeion s RARSRD futher
detalHinvhel deteited desaiitios ade mtnples ssmmvﬂhebelow ascul ar
denmentia, Down syndrone, head trauma, traumatic brain
injury (TBl), denentia pugibistica, Creutzfeld-Jacob
Di sease and prion diseases, stroke, ischem a,
attention deficit disorder, 20attention deficit
hyperactivity disorder, dyslexia, schizophrenia,
schi zophreni form di sorder, schizoaffective disorder,
cognhitive dysfunction in schizophrenia, cognitive
deficits in schizophrenia, Parkinsonismincluding
Parklnson s dlsease postencephalltlc parklnsonlsn1
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350bsessi ve- conpul sive personality disorder and

i mpul se-control disorders. Cogni ti ve perfornmance
woreaposgisassessed with a validated cognitive scCBRCBEUSHOQ0N0242

as, for exanpl e, the cognitive subscale of the

Al zhei nmer' s D sease Assessnent Scale (ADAS- cog). One

effectiveness of the conpounds of the

B"egﬁsg%’m%' ‘Uéﬁ? F'SH'? n i nproving cognition nmay include

me&Qure hig %grgamaémusra@le@ pithe anxigtigride etientoexhibitgd by Compound
A, (RHE- &nﬁﬁ@ ?7-dT£h%s6‘iR5?¥&jnGRé?%' HaOerSeléVb‘Pedjdléé%Qfé t%stafe

| scussed Tor exanp
ArTE H“@a%‘swéﬂﬂ ‘iﬁ‘ \"P@raAQ% chq‘%?ﬁ%qverﬁﬁ%@frﬁ%?ﬁ%’”ﬁﬁd(m -7-(3-
pyn&hf)ﬂ %Iaﬁé‘éplrwmﬁﬁnaﬁé Wﬂﬁttﬁl sm@bér%l’di‘ﬁﬁ@del &fdeptdsion in mice.
n

oo Floh A o By M RatR e e W3 S8) Bt tin iRt e getg for
Compelied A gR)7d3pyridinyl)ehT-diazdspiraj44)rmmané) € ompophd Be(Ske3-

o . ; . Ny
B Y T
diazggpitet4. 4Rpr@Ns di sorders in a subject in need thereof
10??%4 %'ar&n@dmdﬂx' o‘ﬂr%rdali&lafté?i )SRP@E RHPtws cr%)stal#n? f??rms of (R)-

|azas nonane (

Taaytdiaf] I Hlegianra dniane BRloHpRe:

( SFiglres 3-gndr6 até thrég-ditnensidhal irasgesobfhé. Md) nolegnles obiR)-I-(3-
pyn&) ﬂ@ ggg%ép?r% Aino%%ﬁg p tcﬁl%ﬂo%gﬁ%a&e IFI Iiheeraesgkmg?ﬁc Jhit ceII

In anot her enbodi - nent the CNS di sorders are sel ect ed
Detdile@BedeApESPI ON, anxi ety, 15bipolar disorders, mania,

premenstrual dysphorl a, panic disorders, bulima,
Defigitiongxi a, general i zed ardety di sorder, seasonal

af TR follwing Hefmitidas aravagat t(ﬂ(ﬂmfbﬁt et mhitstaé ¢kins defined. If a

d
parBIREER Ve iTeat i ol o Eluefined: SHRBIL I foupg sansidered
indefinitel $Yathed, rtargwsamel uaé¢ctwitron thatl dcespledimeanatgacco addi cti on,
COKQ WE&H Nefeif @hé fégma&%%ﬁ(s? Ynay%(é ds@& 'r@rﬂ@m {n@%ree base form, or

nervous syste rimrily th roug the vagus nerve,
altemgt“ﬂ@hfoﬁvﬁalf formp @tﬂl(:‘d?)é'dtrwa' 1%%@9'&[4 jnopane. prafyisemer thereof,

depértingt the 661 AvHioh Wil Bk Rdddingppafént | BhsxaSRilléd in the art will be able
tunor necrosis factor (TNF). Th| S

to d'%gisgpﬁg‘f%eé?"%cham smis known as the "cholinergic
anfs us@bherkinathegihoase ‘phainvemelitiqaiy ecceptabled xefiers te,carrier(s),

dilue 5(8)8%/ |p|e%§?oﬂ ﬁtlfm ﬁ{eycoﬁfb];)bﬁ?(of Fg'h%a | fhaftad: coﬁ‘égf bre with

cessive In I on and tunmor necr osi

e qther ingredigpisiohtag icampesition ang el idgletefiousriel thevegipiens ptthe | ty in

pha,aqaygaﬁﬂcgmbn@gs.ﬁurseases These di seases include, but are
xem a, E togﬁd arthritis

os?\aaaéa*rﬁf?'mtgé pﬁaféa?. gfnaaceltica B8 3 crrPguRdor
compalitmpalf Bistanpgard soiteey/fof Lk axsa medlamel Wikth [referent®toythd disalssion

ol 5835 AL ORGSO 0 SRS S

theer(g?nlﬁyuam@rquéte PiRRerties eneluding pwity, étﬁbt"b', seivpitiii andpingvailability

for UBE H'Idedrbﬂfpb'ﬂﬂ&a'ﬁr&&en% Qhhrastbdstics Wm@ﬂﬁ@%ﬁ%gé that 4B i 1ncrease the
outy arthritis, arthrit

acu Seud og lﬁﬁq
eas lﬁ??’GY af mInUAGYe © thS@(g“@’@d gredieptiagd '%P‘P’B@‘?ngof‘ into a
commefomtmugrp,rodlbir mmnbeﬁﬁmmbmﬁﬁwut&jaeg}hd@mm;&&MHﬁaf the present

t.e, depen t.lu
mve%o“%a&so% s&ﬁt‘ﬁgé ?%d t@nﬁj?%r'rt% ﬁ%?@ecg]lé fs?r(ﬁﬁ%ss'? %haﬁg tsg%?ebge toa Iggge-
Scalqéiodmtlpm@meuﬂlmamm@matcipuw apdyisidhary di sease,

adult respiratory distress syndronme, acute chest

syndronme in sickle cell diseéase, inflammtory bowel

di sease, Crohn's disease, ulcerative colitis, acute

chol angitis, aphteous stomatitis, pouchitis,

gl omerul onephritis, |upus nephritis, thronbosis, and

graft vs. host reaction. Inflamatory Response

Associ ated with Bacterial and/or Viral I|nfection

5Many bacterial and/or viral infections are associ ated
W|th SI de effects brought on by t he forrratlon of

e
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menstruation, mgraine and gout). Inflammatory pain
may be of diverse genesis, including arthritis and

WO b@ongsei d di sease, teno-synovitis and vascul PET/HS2009/000242
Neur opat hi ¢ pain includes trigem nal or herpetic

new&@hgd ﬂereﬂH ﬂhﬂbhﬁ wme@amban opmpaslt.@raumksgtoaa cdrd¥sund of
erent

the BRSEMRAHEN TR o onR AT RS Wik B i MR gRREcREly scopgieble
carrigds] idiluents, top ekipEats. @a@h@:aﬂmeabcmcs;tlonmbﬂeémmy exivibit 2adegree of
stabﬂlfy td en\tll%%m%ﬂgpgéhﬁﬁgngfso L6 i B sunf&\ﬂ%‘?ﬁr‘ REhJEurRG and
prevent or treat certain ot
COW"{Z?M@UFWSQ%aseS and di sorders in which NNRs pl ay

a heluSed rEefawpthssermewéﬁgéﬁv@émwnmm:@a&u%@aﬂsam SHEFedtie
ders associ a 9k|n r el ease

dosg TR ACRRBHI NG CORPORp SLTE BlspR et S ician B St the
desifddphamiddoB gical a tttestapautip bffectsa thalis mesoifiing 1 eflectivetyevention or
trea@r?e{‘m g?' ttjj %%'gé'rg 'Pgég\/ethérpm Jj ?cﬁﬂ&“?nayr b%trj[\MeEtgh %Z 9?@@ hg or
prevgymngrtbergrogra}sggn péthgd@qrdeg ap y@tb a% t§1§|oglset of the symptoms associated
wnthYI?eS&&?Béi rialtrh @t of R HRBrdeRbrdl b8 hanfédisl B’y @&édwsslamr @ﬁm.nat.on

di abetes, bulima, anorexia as as tho

of SY"PREP'E%t'”'B‘HEO"s‘Etf e‘fetﬁac' Afthe piﬁ’@Eﬁsﬁ'Qﬁ @H““Pé’?%‘&f ap mel' éaﬁ%‘ﬁhe’
contvibutidf tafhe Tl bang of Giglpatierds of th| s invention may al so

eadm i ster reat, co RS S o

e N s e R
greateytitint 303k aind ocgreater hap O (eg. gnedteCthanany ef &b, 68.kieH 80, or 90%)
cryspa'lhﬁ ase. Diagnostic Uses 20The conpounds nay be used

I'n di agnostic conpositions, such as probes,

DAl HeRHl BETEID. thp BRI 2eR SSpbaABIAE oF S BaeRly RvRivy Bty or pure
mcltﬁi@@b%felr &Ha@ 209d) plFeraidip graatep BRn 30%{ aR@mafSstefetdbly greater than

det ' I b d/
0 acoreat BRnepLel -85, L Bl BB EEFYy the ads2
r eGheteon “stalibty' s, defioed béreis inmiudes sleenbited stabitifycanddlid$tate

stabﬁnﬂfewﬁér%%ﬁé‘ﬁhrb&v%ﬂéﬂnﬁgl Ssitey” HcfRlaEs E\Q?éteﬂ% tb %gg %agt%\& the

a’radioactive 1sotopic noi'ety suc

inveptipnzin an igplategiform, or in the foqe of 4 fermulatien @dME‘ES'Hb'é PFRYdeddh
admb@dré Qﬁﬂ@ﬁh@rﬁ\adédtﬁﬁ g)mma@lswﬁéﬂsomlueﬁ& hadpiches) bp&rju@h@ such

I f d t
as 1) AL palHEROT T RhB P Sur R CURIE IR ePR B Storage
condiiang) withpdroihsignificans degree ofahpmicaidegcrdatsraqridecOrSpesEion, and the

phra}gesom@gff%l@?q‘?lﬁ %EJ%ABB?% g@%&éﬁr@ (s‘dﬁseéf%el@gi@%gbn an

'S°|qt¢¢a§ﬂ"ﬁ fprmwprtin thedfiofm pf 3 eadid dermallatien inxghich ihis pravisied i &lmixture
with %hé’#ﬂacé&}%a? ché%bﬂa%’éwneﬁb&mené?’eﬁl pidts, $2§éjuva§\f§j s@&?n%tm an

for 7 ecific activit esired to
oral 9p%a95fe syqﬁ\eass%qagl% gap%l@ec aphe fikes ypess s \é'“%hsmrage conditions,
with RO Msimificartideg@ewd solrrstata tramsficermatiore sachnasirgstalliztonloses
o5 Sl B I b S0l Ny
desqleglighl e of administration in non-toxic l.evels.

Defz%rﬂblé@&f' A st@%@ cbﬁdlﬁﬁgr P&Gdé’éﬁe driindte BPIRR{pErfONE

to one skille radi ol abel i magi ng
bet"‘@é@ 8G &raw é’ref‘Ua@V bﬁfa’leéﬁf) *&@nd 40 §Gand mere Bre[%?\t?ib?f“b'e”t
temggeratlires, such as 1TP€ te emmco Lﬂ?ék‘suf&bf batwasio niadl 21k, Prsfdigbly at

t echni S r .exa
amdSPRD eI P S PP TR A o gl 1 B0%, anc
expesdre tni460 ixed leisa of UMfyisshile lighh $ortpnalonded periquts; awah astdreater than or
i ngredi ent, such as those types of ingredients that
are useful in fornulating a8di agnosti c conposition.
Compounds useful in accordance with 5carrying out the
present invention nost preferably are enployed in
forms of high purity. See, U S Patent No. 5, 853, 696
to Elmalch et al. After the conpounds are adm ni stered
to a subject (e.g., a human subject), the presence of
t hat conmpound within the subject can be inaged and
quantlfled by approprlate technlques |n order to

.y o L - Y
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The manner in which the conpounds of the present
invention are adm ni stered can vary. The conpounds of

W@ b@psssent i nvention are preferably adm ni stRCEUS2009/000242
orally. Preferred pharmaceutical conpositions for ora

equaldd'kik hfohthat iUnbed sueh doleditoab) seits of thé Wﬁdrht&;‘ﬁ mayajel fedirdi to be less

' d .
arg TR Bl s RSBk B85 el chemisa dsgraded or
decomgoslae qmlsohd slate transfomid asdpprepriates e heckiige péreomwill @pprieciate
that eédoogn{eﬁhm Lph?bérﬁloﬁé’r%nﬁ?fb?%Qn?pé‘ré’t']t@'bégétﬂé‘%nd relative

har maceut i @gFOSI tions ma
hur%trsrmnrgqe@t exrepies of peratst stergge ﬁ%ﬂ?éloj?s 3nthat serayp sgrybinations of
thes}er&fr@fﬁébs\ﬁmlnef beexpBHEKUEH ANBMYTrmal gtd}&g@@eg httérAssthtubb of 50 °C

dl ntraart | intrathecally, 25and
anda pressutey Br Mt ricularly. Intravenous admi nistration

is a preferred nmethod of injection. Suitable carriers

_ P! ; o e

. scafoid By RRELR B AU E Wby A RalReidfeBnBharpl, 1 L7 1
phégmeltresthed foethe gprepgraties of 7-(3- pyndweﬂc?o%wpm[éﬁhow a

meu%oefer ths sa,smﬁurf&f ﬁ{ee&mb%uﬁwm&t.a%masaém enér%me?wgmgq )-di-

ct al I
0.0l vk Tare ACH SURAT (TSR SH Dt apid,gpyel St orms o
7-(3FYKdiop, V@ldzbﬂﬁre[ﬂlnﬁ‘ranél navel stahﬁ)rmstof(ﬁﬂhmd:(SWQBprimmyl -1,7-

d:azaﬁ}f ﬂJe ona%e é?\@rrﬂécsehﬁga‘?g?rgy%sﬁt%ngln?I?;blﬂEth %gen?«égﬂ@bﬁantomenc

salt fopmns, ametho_dsrqf ptepansglbe nadeimjc argimtanaqnerlgpyh tprms, and methods of
trea%&?é%r%veﬂ%ﬁ:rﬁ ind & sﬁ%ﬁFFH% Gre BscHSIdNA dEEEF BQQ\lVOgy

I'S comercla aval | from Novartis and
Cof\é srwell I@ﬁ)«/n t%&hoﬁ%?&‘féf" in Me@&qf gfgantgrsyﬁtpeqﬁ, @egqcular synthetlc
steps WBlylin@erlbmeRabilit to starRs. RdetInRtdrefound ibkiag maRedbiltydo be

scalpRUR T PVBEY o FeBaten e e SEb PR erasoa R RPE: dFuhworc
up oo purifleationh eeantmeanergsiits (tramodynaminsor Hiestins), [@ed réestien yield. The
syntﬁ@é?s Sfeln(t3I LG § E%Z’asﬂfogﬁi]n&ﬂg\@%gﬁg,bed ﬁQI@H Hé'é%‘één used to

r cont rnmaceut i cal
prod@gw@grqm ayRNtikes of trateripkiand &eec}OgQPOﬂ@ntéeaﬁg?rpﬁ have bgenicarried out

on nilli-KiRbram $daleSiX ARl yiold. aTHEPRTNesis BEN (RpyrRiingpuse, rat,

o5l ARt PR 853 Rk BB el B g e

phammpmmaUBgreﬂleht(APp messwefacturer VENE syothetiesedoenaegeplorted Herein

ovo o SO ol A B Bl BRIAR S 21 pone ¢ one
variety of ot her ther apeutic agents useful in the

1. Nbfnﬂ@am?&tm@éf ﬂ(@wwd.ﬂm$7qi.aztahaﬁst4ch1§&{ad\ers Thus, one

odi nent o ent invention relates to th
SRS AL B7 A ARe e CBHRIB AR eiiors ARease b drug

developnesnit than others ofter sereening ainuimbert di (pbtehﬁrﬂ salpferrhs, ¢he salt forms

des&%@&‘h?%e.n@ére %étgethSd to'h rl}%e %gtgﬂgﬂg,%ga%ﬁ S rfér\%ﬂ{e ﬁF @t%gérf the
synthegispddfications habaaé fqr@i!ptwn emii plelage anfttheoR iadd Srisqnaare tor sacemic

mnxtﬁn’eQﬁeré&%W& pi/ﬁénﬁﬁﬁ@'?&ﬁaz@gﬁFHﬁi noﬁa’ﬁe' bacterial agents

ch enicill1_n antibio |V|rala
(suE%“%\‘ée' ?ﬁ]‘éf"@’b%‘?fgé“aﬂ%(a‘r"@d)sﬂ 7Tdi"‘1€éSF2’° oRNaned g?ﬁ!i'bed herein

incluie\salt Cnmmdslhoaﬁlﬂwbcmuéﬁlﬁ@s(dﬁuﬁdﬁ fegin Wﬂfcfnw aciy) and oxalic acid.
The %%ichloh%(rg{%ﬂggtsgfgn% %g)erlgltns rﬁ%es'} We?l Ié)g Eps\ M% ggat s tlae free
bas¢ ng@ 7A(3-pyrictiet)yl EHiaraspiroletizavant can brotopate ((satistragt a
donepezil and 15gal antam ne), antipsychotics (such as
hal operi dol, clozapine, ol aBzapi ne, and queti api ne),
i mruno- suppressants (such as cycl osporin and
nmet hotrexate), neuroprotective agents, steroids (such
as steroid hornones), corticosteroids (such as
dexanet hasone, predi sone, and hydrocorti sone),
vitam ns, mnerals, nutraceuticals, anti-depressants
(such as impramne, fluoxetine, paroxetine,
eSC|tanpran1 sertrallne venlafaX|ne and
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Ki (nM Human a462 Ki (nM Rat a7 Ki (nM Human a462
Emax (7)/0 of nic resp) Human a4132 EC50 (nM Hunan

w@00gl9isen SP (100 pM Human Muscl e SP (100 pM PGEUSI009/600242
68 34 >10k 43 9100 15 22 S enantioner 82 30 >10k 87

hyd%@&@.oﬁ&oﬁﬂa pr’otld:iacﬁi)aiﬁbh@ﬂfﬁWo kite®elgd Gt tnsébaeodc&ly &4i00 Site of the

spirse et epel i ca i@ o phefrafinn StaRfy. some
phaimaveutisiahyEREA btabia @cEd xcCkhy ppswecinie acigl arerd:predis (leozdei@in two
acid‘get‘blgro': E;lé:))%n ]t_uﬁ:kfhé% éudﬁ%%%ﬁ 98@5& (ab@{reﬁ'#lcarThus various

our at eit | oadi n
ratigg@f pase, to 3giH dp e saltp ef ééﬁ:pyﬂﬂww doriazaspigitinengnes @P'ugleg 11,

12Qr’ld3t2h?3c13|3|§1d@‘@%$@é’or¢té?n6l5\§dteSt arti Clg (0.01 to
ne on a

buf f
(VBRGLiPepaa UresLiDy Mapptidy sLidbe o B eRulbep e g are fomed.
the sattsichioha drysta sgthmwrtas trfaeoquersomm thalare resent duringshi
form%“g}'{1 gﬁlds ntE% }iﬁ%rc%ﬁco% eas‘ﬂ@&ra%(g'mne a gtﬁv£8§ H‘ VQB/F]%SSltéi&h\(&netry

ni co Ive CO
of sglyrnt feéativaltmﬂwey (ﬁ@yd@nsékhYﬁ@zamoméﬂlt@ﬁﬂe ﬁ@lts pidiesssope of the

presteﬁ! |ﬁ$én‘t18n ﬁauamydpjte&éMdlmed S EQf7eBIGRdby-f oy ease

reference

dm@ﬂ)"# FRan3pe PeR 3t here0f_ di azaspi r o[ 4. 4] nonane i s
I efredriesdmtbodingent (ﬂwpxwp@hdﬁayl)ﬁwmawwur& monane or a

| pha@%@%&@%\é{aé@gQ%g%g\ﬁ{eof }%s SquRI ;LuAfeéJepe%riE%%%Tically. In one

emboBYnent, (18 (R)7HSHomydiny)il, Wd@zmeb;%rqmnq?mnmamcauy
accé&)@b‘lg salf l?ferQW id SlidR¥ahliaif,free B 83 35@L0yRbifyIf PUAASpiroBRARonane.

In ormmlvoctrserﬁythﬁ Rk {3-pyfidinyitit of Aiazgspitl4 AlPARANEAE @ PRAgMaceutically
:Udltdh&eof is presentin anlan;mant of about 75% by weight compared to r(]S) -7-
laza r nane,, eac
@ p&éﬂ‘fvh AP e e efiéraby GEeRls Biah R BV EEr, 585
preferably @rftateltthamraS"/agsawelght anost ;a'afdaibd' geatergham Q&%Mmeght and

r'é%‘?é‘dhd & §% t ter. O bodiment relates to 100% ure R)-7-(3-
mos e |g§ %(lgé%aa%rpl rngeérpl? Inonane exhi bi t °p (Ry-7(

I ny
pyri Mﬁg'aa@sw&%ﬁweem (58%| nh| bi tion), rruscarl n| C
MLTR& aPétHoa%rQirémﬁa, thensanf&mk Q6 L. CTRBLprElardtien GRTYRpidinyl)-
% 4%1 Eptl on) .. .nonse OEctlve peri pheral nuscarinic
1.7-digzagpir ﬁ14 alt formsdeyqMes: (999% i nhi bition) and
notiy mlxexgtthe/ieee?t’))aﬂegjm sobfiéo ofithe foed bhase)of saitablyt puures7-(3-pyridinyl)-

1,7- §i Qfétsgﬁlgﬁ 4]()@5@%8” Q%uﬁablé Iv%nt % Qlééf 6f3ﬂ\@¥&33 |ﬂ| ere formor as a

di a2 onane, ex ing on
solufiersefeamy pethpiacide 678 Slnhbblspivght) and nicotinic (99%

I n iabbédnﬁg)herrsm\tg%raﬁsouThMﬁf ndcB&sahy caliss &eb. R41Bh Sor

ntiate fromone another in terns of eir
noH'bh P@B?Q fPtaple Aoe Rt o 8RYsG PESSIRNL AT st | cs. This
di {ifcpewnpbrating the first sbieéntavie ddding ricamesd sdleent athdrepeating either

stepgi&';af) gr %gé g@? glgmk/):e; \/\ﬁeg the ability of each of
(iii) filtering and collecting the salt.
The stoichiometry, solvent mix, solute concentration, and temperature employed can
vary. Representative solvents that can be used to prepare and/or recrystallize the salt forms
include, without limitation, ethanol, methanol, isopropyl alcohol, acetone, ethyl acetate, and

acetonitrile.
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25di azaspiro[ 4. 4)-i onane and
(S)-7-(3-pyridinyl)-1, 7-di azaspi ro[ 44Thonane to treat

W 20000560i sease states, including, for exanplBCT/UR®09/000242
ability of Conpound A to enhance desensitization of

Il Re46itidhIics 7-(3\@yhern9i)nb;ehmamc4 4Jaonandintaits &dntidaicas | |
| Ca

[ L ti.pl -
e PRRAE A e i e, Po s e feen Shriicd Refiavigus)
isonvens Ihcl @sivabreaclut®nfragtheds usingdsingieertantivreerdemis\af chiral 8@anic
acndEi agpli& &én éva‘:ﬁtsyG'\@dé?lal Uev%bﬁ?{éﬂt %ﬂH@h&%fﬁ%@Ré@? Obns of

eri msnta I‘OCG ure det ect

Racams@uwy@doé Ua'es Mandslic Ac in QuganinBrocersdiasesiEh &dye 618@5/2002
Vol. 8, k29-8N dsyMiHdha mtenpediateisthagé sis®best @fpamm.mammmlm

sterégioemnsis By e AT iR A e d R RS aiaT Bave Bertheen
convéintad rethe lactive3bammabeu@bingted®ats. SRedene>anmpley iTdbareeal., Organic
ProgRERESe a{r S5 PSR HEﬁté’fs é%a?éz%ﬁ‘)ta% P5US5t 6,985286 0

AN i cS |ncre S€ exp ora activity rnt
Cipla kimited N@nhﬁziedléoﬁs pRd L Q-0 -glusyltapprieatidd arle@n@na ﬂ‘@rﬁf'ds

that Wal &eardsa@gme l‘eréofut?&\ éf%éenqé or@al% USses! (Qéb fofInstahd®, Schaus et
opposite arns

cl ose
al., Sypdh. CRETR RAE2): éﬁﬁ% 3ﬁ%<188°)\/9£#|‘\§5 Fbﬁe rTg%?’Wé’f"" ’—ﬁ‘i’na{ﬁ%)e”%
7328\R199'DY), adusmdsabmsehadeewoi previbuslybeetitrepatedpbrabe tbsoltidrhef 7-(3-
o £t PR o e 0 0T Tor 8
c| dbedrotinen@mida doutéreprevieuslysigesribed fortheesappeation o (3nryridinyl)-
1,7- Elﬁ&‘%?ﬂﬁg 4]nonane |nt-59t§ e“éﬁ)ti) ln{e?g &. Wa@ou ngféb 992)P Rl ol0EPHVeral

perforne M uat ed
syntheticsteps, ar@i qy@mrhqmorgatggraﬁﬁlp Q@arw ni B @resgt inventiog@cludes a
morghﬁlbibﬁt%eb%%rﬁméthed f? %ie enbidtichists emr(mpﬁdm)n 7-a

diaz\é?epgrioga o%%ﬁ%&%mgﬁ? éﬁra&gﬂgp !g—n%ndaiv\g]-sé] tggolegyltgrrt]éjr% acid. This
methaef affoetscsalts ofiugreercatioiére mxifyemidirehigh yieldrandoae bensedided
effeéivglﬁyglaJ atg%‘i&tabéﬂc%eh @%W &vd Birge scale. Data were

anal yzed by conparing t e treate groups with the

control group using 1l5unpaired tests. As shown in

Iv. Nﬁvaﬁiﬂl f&ErI;n'\f@ﬂ(RQ-lm (s)ﬂnbipbhamwwwbmiawﬂo[«maﬁsﬁé/l ty
I N e
SULHAIRETRIO o eenavic of Biea SEEF o BN o7 'Wwommnane

whudheeadlly fimat asoltesuecinatelsg it tneitioergR): INongs)-@-(Beytidieyl:-€%t | ng

dlazgﬁﬂrg[ %ﬁqn%ﬂ& RQ%HEed ﬂ&ﬂ%u&{“éf@ﬁt ‘ﬂmfév%reﬁﬁ\gﬂpﬂa'?mgge%hcally

pretreatrre esl| pram ne
accqpfableggidsgior gxamﬁperum: aid gndykydesxybrrizisacs e@rc_led gplid salts,
with dedting p@WtsKéHd watér d@ummes)épdr&;ﬂﬁmamﬂkr &ﬁg%@é\bpﬁé}w 8s herein

despRd. iien e W 8 A3 SR A Satrsp B Aehane.

additdén, hbraetoas bthel@edshave been éunt enfoph adlieidaltswithene @Dotrasflthe

| chl d bi cl
ena BT 3 g ARIET S A SR Tt es Tho. - &t
Al bagigtoichipmetryrpttheisalts commpaisig theariesent inventire ken Wanpk That is,
ratio B?fre-resosfs@rt& 8cid Eé“‘%jr%‘ %lrn fb'r @xérﬁ}ﬁe 114 1.2 apes2 TH8 1. Qré?\@ 3 1.

transducer trans movenent's of the nmouse
Alsoy dersPding yPeipe EE"ES'hWe‘%'P @?Jlth?éalés %ﬁ'ﬂﬂﬁdé}ere”i‘ ﬁﬁfﬁm?th She sa's
can haverystdl stigglres thatecclwiedoivehte msat Bie preseht autingraalt Farmbtion.

Thu{jgwgeggag g%rirg{cuf g¢ Eyc”%tg? %ur éiggr Evtatestqf]r%narnw]nt% gtsovc\%wfogr{eltr?/%f solvent

relative taithr¢)- 100 (S)h & 3-pyritiny) clatdiazasgiro[d dinonane $et. ani mal
colony. The TS chanbers were cl eaned between sessi ons.
Data were anal yzed by repeatied neasures and one-way
anal ysis of variance (ANOVA) followed by Fisher PLSD
post - hoc conparisons. An effect was consi dered
significant if p < 0.05. Imobility tinme 350ne-way
ANOVA of total tinme immobile indicated a signiicant
treatnment effect. Post- hoc conparisons found that
desi pram ne and Conpound A (0.1 ng/kg) decreased total
time |nnDb|Ie conpared to sallne As shomn |n Flgure

~ ~ 'Y Y Y S e .
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400 ng (n=4) Half-life (hr) Conmpound C 24.8 (3.14)
21.1 (1.69) 18.5 (2.06) Conmpound B 21.0 (1.53) 17.8

W@ 2008//91586. 6 (1.58) Conpound A 27.5 (2.78) 23r@r/(12208%900242
22.4 (1.89) Table 3 presents an overall summary of

t henh&letida |f6f§i[r:§paru"}g ﬂfead@glfcﬁﬁhb gérevury‘rs &Rk @tepamct%s of (R) or (S)-7-
i n Fi r di exposur e, and
(3- pﬁ@yﬁnl g’ﬁzaési’?ﬁ?\[g %%Wﬁ?ne f%ﬁ%rgﬁd N®Snd 30 Conpound B,
(i) mixény toe &t baiseaquparaoiutmubﬁhg fre@béseaf sviteblytrore(R)es 8% tH(2:
pyri %P%%E%%If#ﬂ 4% anél BIE@BI?QH V\ﬁlﬁ ahw? &f tﬁ@%@ﬂ?hepure form

served rmx (0] the enantoners 1Is
or ag p gplptign ofamﬁbegplggmmm@mfs@gmgl 000242 Table 3.

(iia) Qﬁﬁihéltﬂe reSUIRRY SaitQbiubidh ﬁﬁ@ﬂe&ﬁrﬁto@%ﬂ@b&%@ﬁ katioesn ( SD)
Par anet er Surrmalr¥EPd K Par a (n= 4) 100 ngy

net er
("b)eﬂd'a§ 2 SiblgpFRON PR CA SR e, 8f(gg 44) 44.7 (7.05)
(iic) 20dpoftidg He fifsteplvéihtrand4ddi8g Gid B8y s@dent 3nd 2pOAng2itHEr steps (iia)
i {E Qﬂ AUCN (ng*hr/ml) 473 (93.4) 741 (147) 3676
ors 51‘%’? f/2(hr) 24.8 (3.14) 21.1 (1.69) 18.5 (2.06)
(iii) fBeripmantctobecting the faBD) PK Par anet er Summary

The stoichiometry, solvent mix, solute concentration and temperature employed can
vary. Representative solvents that can be used to prepare andfor recrystallize the salt forms
include, without limitation, ethanol, methanol, isopropyl alcohol, acetone, ethyl acetate, and

acetonitrile.

V. Methods of Treatment

The compounds of the present invention, which include 7-(3-pyridinyl)-1,7-
diazaspiro[4.4honane, (R)-7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane, (S)-7-(3-pyridinyl)-1,7-
diazaspiro[4.4honane and their pharmaceutically acceptable salts, or a phamaceutical
composition comprising said compounds can be used for the prevention or treatment of
various conditions or disorders for which other types of nicotinic compounds have been
proposed or are shown to be useful as therapeutics, such as CNS disorders, inflammation,
inflammatory response associated with bacterial and/or viral infection, pain, metabolic
syndrome, autoimmune disorders or other disorders described in further detail herein. The
compounds can also be used as a diagnostic agent in receptor binding studies (in vitro and
in vivo). Such therapeutic and other teachings are described, for example, in references
previously listed herein, including Williams et al., Drug News Perspec. 7(4). 205 (1994),
Arneric et al., CNS Drug Rev. 1(1): 1-26 (1995), Arneric et al., Exp. Opin. Invest. Drugs 5(1):
79-100 (1996), Bencherif et al., J. Phamacol. Exp. Ther. 279: 1413 (1996), Lippiello et al., J.
Pharmacol. Exp. Ther. 279: 1422 (1996), Damaj et al., J. Pharmacol. Exp. Ther. 291: 390
(1999); Chiari et al., Anesthesiology 91: 1447 (1999), Lavand’homme and Eisenbach,
Anesthesiology 91. 1455 (1999), Holladay et al., J. Med. Chem. 40(28). 4169-94 (1997),
Bannon et al., Science 279: 77 (1998), PCT WO 94/08992, PCT WO 96/31475, PCT WO
96/40682, and U.S. Patent Nos. 5,583,140 to Bencherif et al., 5,597,919 to Dull et al.,
5,604,231 to Smith et al. and 5,852,041 to Cosford et al.

CNS Disorders
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PK Paraneter 50 ng (n=4) 100 ng (n=4) 400 ng (n=4) Cnf

(ng/ L) 12.1 (4.09) 24.6 (3.59) 158 (32.1) Tmax (hr)
W@203/0966629) 2. 75 (0.957) 2.00 (0.707) AUC nfPCT/US2009/000242

(ng*hr/nl) 237 (63.9) 364 (71.5) 2134 (530) ti/2 (hr)

ﬁéﬂ' fe 6%"[]) Pd@@f tate 6ﬂes83t)|n\ihfﬁtl&1p&l:g5% ph?m@@%@dwjaoﬁ'e%able

an r amet er _Sunmar r amet er n=

salty 6o AT TRcast oA G0 RgS TG ARG £l PO 31q Upesi i 5
treatndlen &) préEhti¢r2 &. dlyari€tyenf CQ\I&()lsoddéis ifcluddty) neBradiegérierde

b A Bty i (o

and E)@g’rgbp@waggjnogi epmpositiapg camyhsfysed to treat or prevent cqgﬂﬁyg ficita and

dysfuﬁcubﬁé lagM e&latBd ﬁﬁ@bmbﬁm@e a@érﬁaoﬁaw@bm}searﬁldéﬁ‘eaﬁssemud.ng
ared to 10 ejther the racem

those dus Ito upﬁétl{qgﬁzgpnlg Pk fngtﬂbgmm rb@?ﬁfﬁotﬂ rﬁ)(]ovgiteeneuroprfﬁectlog to treat

convulsions and multiple cerebral infarcts; to treat mood disorders, compulsions and
addictive behaviors; to provide analgesia; to control inflammation, such as mediated by
cytokines and nuclearfactor kappa B; to treat inflammatory disorders;to provide pain relief;
and to treat infections, as anti-infectious agents for treating bacterial, fungal, and viral
infections. Among the disorders, diseases and conditions that the compounds and
pharmaceutical compositions of the present invention can be used to treat or prevent are:
age-associated memory impairment (AAMI), mild cognitive impairment (MCI), age-related
cognitive decline (ARCD), pre-senile dementia, early onset Alzheimer's disease, senile
dementia, dementia of the Alzheimer’s type, Alzheimer’s disease, cognitive impairment no
dementia (CIND), Lewy body dementia, HIV-dementia, AIDS dementia complex, vascular
dementia, Down syndrome, head trauma, traumatic brain injury (TBI), dementia pugilistica,
Creutzfeld-Jacob Disease and prion diseases, stroke, ischemia, attention deficit disorder,
attention deficit hyperactivity disorder, dyslexia, schizophrenia, schizophreniform disorder,
schizoaffective disorder, cognitive dysfunction in schizophrenia, cognitive deficits in
schizophrenia, Parkinsonism including Pakinson’s disease, postencephaltic parkinsonism,
parkinsonism-dementia of Gaum, frontotemporal dementia Parkinson’s Type (FTDP), Pick’s
disease, Niemann-Pick’s Disease, Huntington's Disease, Huntington’s chorea, tardive
dyskinesia, hyperkinesia, progressive supranuclear palsy, progressive supranuclear paresis,
restless leg syndrome, Creutzfeld-Jakob disease, multiple sclerosis, amyotrophic lateral
sclerosis (ALS), motor neuron diseases (MND), multiple system atrophy (MSA), corticobasal
degeneration, Guillain-Barré Syndrome (GBS), and chronic inflammatory demyelinating
polyneuropathy (CIDP), epilepsy, autosomal dominant nocturnal frontal lobe epilepsy,
mania, anxiety, depression, premenstrual dysphoria, panic disorders, bulimia, anorexia,
binge eating, compulsive eating, narcolepsy, excessive daytime sleepiness, bipolar
disorders, generalized anxiety disorder, major depressive disorder, obsessive compulsive
disorder, somatoform disorders, hypochondriasis, dysthymia, seasonal affective disorder,
conversion disorder, malingering, Munchausen Syndrome, rage outbursts, oppositional
defiant disorder, Tourette’s syndrome, autism, drug and alcohol addction, tobacco addiction,
obesity, cachexia, psoriasis, lupus, acute cholangitis, aphthous stomatitis, ulcers, asthma,
ulcerative colitis, inflammatory bowel disease, Crohn’s disease, spastic dystonia, diarrhea,
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For exanple, preclinicalty, Conpound C induced
sei zures follow ng acute doses: WD

WQINVBEH661PCT/ US2009/ 000242 1/5 femal e m ce PCTUS2009/000242
oral dose of 400 ng/ kg Conpound C 1/5 nale rats Acute

congubaﬁondmnmé mpprf&ﬁmbam@@aﬂamsnmc@dl% Ihé@nabia afthitls and

d f 800
ostepa i s ApaatoRs ST JEEaS Mo e AT Pg s cgute
paint; ettreniéd\paih melukbpatides, ofinahyid corgihtrreChialpdesahdedplasibenal e

rabgg t@p%ﬁ%ﬁé g @{) fu%gﬁ)ong%%%eg%%%{&?m péyjchig%ﬁgorders

nvul sion’in
or C?'MIHOOWSH@‘ anschzgplrepiagnd athserrhdogiseiary mo@ygipﬁgdmt]@pt)xmlted

to pmmqsorﬁ%cﬂﬁoﬁr&ﬂf&m @@oﬁi@i §éH|foaff&§H€His@fBeH '?d@ﬁh%loﬁé'le
me Sconditions.. In

sa
disofges; brigkpsyehatic dispeder. |593r8F’ fpls)éihgtﬁ:t '?W‘Eﬁh %fﬁ’e‘)%?rﬁ)'e p@orders dueto
a geaenat medical cxediidne, démebtiad ald @hés\coghingi disadders, including but not

imid 3R B brliméat bESAPR ey d IARIRG A eate. spo
dementis derbentiacitte Algheimens typel age-taiatechmemenhiawdimment, Lewy body
dem@%c?y L%c[ul%t baRsRat R sedindnbd Fﬁpl@)@ %J@xuﬁtﬁd'rlﬂﬁs!'omsm including

tion funnel, nitrogen in er nonet
Parkijisgpe disgass ewtyéanm'wmam gamentia ehbBarkigsonis Bigeass; gognitive
lmpeﬂlﬂie’rhSGfl mun.;ﬂ%ag&r?aah Ecoghith: ithpaifimertt catded, bywaiumatid Braln)injury,
t r ahydr of ur

THF). (200 ni). Thi i, .
cemgias g et ST e B e ey drbRed. B o
limitéetoznapic disorder witkout 2§6raghotila, panicdisprdersiteagbeaphoba, agveaphobia

wuth@tﬂ ﬂls‘drf{)‘f rfalﬁw‘l,or?éfe%egmé Btl?otﬂ)a'; lswél gﬁ%ﬂg' &E@éﬂe{ﬁrﬁpﬂ@we

uri n
disorett ppFdTRUMAHE rgIE OEeR) apyiestpsiisugerdoeneslzechanxiety disorder

and g&ee%uz@@ aMya&ty a@meea@e totaib%né@emb@éél cmﬁndnemaw disadadrs,
inciyefast} A iied Brindie forresve ARG \aH A5y e SR0Tdel ZRBIaS i on

deprassiord biplaomaniat bipster |(dsordervdepreaside dssoiatddwith roarod, edpressive

orm x%é 59 cide% ?Id" 8‘56%8{ gﬁfl@ﬁ‘yangggggrgg %&;)ﬁ%& ‘agbﬂlf}scd.l.:e to
gen@almm%wg;@n% s!e&yalsoz@mlw@mé@pt ligvied to sgRiid digorders,
pnmh@)ﬁ%on%‘@as pﬁﬁﬁbg@@h@r@o?ﬁhﬁa hnéi‘éd?é}is? r&?‘éﬁohﬁfb‘i‘dlgé’mé’rs mtﬁkﬂa

A R R M R o

d|sordatsahmt<ﬁ\$la|18)dh§drﬁa_§ do@nrmm@tlé@&sgdaﬁ pervasive developmental
disogdgﬁl?él% d%%éﬁcgl.?'ng 'fl%guéw%?é@@éhllsgrdg&' gtte%ﬁor?dé’ﬂlth%order,
attention dafraityiypsractbity disprder fesding@nd aiingtisaideta of idfasey kchilshood, or
adultsntlcf@.ts&a@rgl ellﬁrﬂf%%én msl)rd@&ds&'éfé‘ﬂeé-?éﬂaté@dlsargeg int&8inYBLSTot

h) hr ee- neck Tit a nitrogen
"m't‘?%Pét‘bStQ’Eﬁl d(elpﬁﬁdqu?ﬁn%*’s"a%‘f?oabt“% rsmc@r'mﬁ?"%@" Yhatence,
wnthcl!‘rbﬁvélogeclihoatdms@bleblﬁerst ahpigtdming bﬂirhﬂ%térﬁlﬁg-l@a—r&té’ﬂmsorders,

d
catg R ARG PR e Vo sob AT HRRs HRl e
hallucwnp@r@!anecbdlmrderhsnhdant{reletnd disgtderse nigelingyreREdClisordrss, opioid-
relatga st'fd@rsv‘@'?eﬁdhﬁi'h@gr BNﬁ{cWHQHE i -refdtEd Sl%rdgl%mﬁ{]égdgﬁ\}%

t hen concentrat ed r ot ary evap oration
hvpm@%—lqaaexw'w iRftestdisqrges. nersonay algefﬁe@owplvﬁ'gg bifet limited to

obseésussebmpalﬁl?wpér%mgem(o&ﬁég aﬁ&hn@lyé-o%ﬂﬁblmls;?ﬁdw@nt ltr at ed.
u | S | SS C or.one
( DESTRE Rt Br riay PR Re RS Aol R R als 5 =

for emr)\ple,dhe evgnitere lsnbsoaboif t@ Alzheimer's Disease Assessment Scale (ADAS-

1- benzoyl pyrrolidi ne-2-carboxylic acid. The separated
di chl or onet hane | ayer was vid@shed with water (400 nlL)
and concentrated by rotary evaporation. The resulting
solid was stirred in heptane (1.2 L) and col |l ected by
5suction filtration. The solid was vacuumdried (50 C
for 5 h), to give 334 g of nethyl 1-
benzoyl pyrrolidi ne-2-carboxylate as a white solid
(82 4% yield, np = 88.5 - 90 C. Methyl

benzoyl 2 cyanonethylpyrrolldlne 2 carboxylate
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Two identical solulons of nethyl

1- benzoyl- 2- cyanonet hyl pyrrol i di ne- 2- car boxyl ate
WGEB20815g1 0. 118 ol ) in anhydrous nethanol (- FGI/IE009/000242

were cooled in ice water as concentrated sulfuric acid
cog)( Iﬁ\emheasﬂré?cﬁ ted flectivthe SSoftthedtthhpoufdidd thd srega mvantion in

meriing bion R tas et BaEry QR eER e dt b osg suen
scalesoo nmL capacity), each containing 10 wt % pal | adi um

9@5!?]/@ |ﬁ’$r1\és‘atnd(d35%r&r§ re d%@ué&?d m[]bfﬁér‘?ﬂéfsall g &%ﬂﬁlle in

acllitate each trans Parr bottles
the /We?r@am hAFRASSRR RO, Piagogelic aad Statnice Maatr?' fMental Disorders,

Fourt E@Eidie FektRevisita, WaBbfﬁ t@ﬂ QI@tAnﬁéﬁlcﬂrppékfoNattﬁ: As$b&ation, 2000.

is sy 356 be et @t g Bl O3 4R g ganostc

featlras sshyidted gdth aubstanaei usbualmse\mdfdlebermeede t hrough a pad

¢ di
oe s SBFBERBRA ekt Sl Pt i bl Aty
compyging.aAminigiaring torsaig subiechbthpyridiagh-i driigzageirai4.4Inonane (R)-7-(3-

pynd?@f)cﬁ'ﬂafa%éi)ﬂol_?m]ﬁd?kﬁé ¥r (@Y—@R@fp iy 1 'pﬂiggé)ébirﬁ% @{bnane ora

nber oi l an i ce-water
pharmgcgiftigaixacseRiARle Sait o 8t 6PB?rElﬁ‘C%\ltPﬁ%'&a@pgﬂmmmpnsmg said
compéun@sbonate (660 nlL), foll owed by addition of solid

po}naasﬁ%{h%pﬂF%%r %’r%gﬁ}ttﬁ? E:él% s%(dq_ﬁ 2 '}?Qj _Fjﬁ& &%]Fés%%n anxneg
blpo@edrsbvylensemtamaauemeestmagqmsploqm pamc fisardernt bulimisg aperexiad
genérth%HJ%hﬁ dts%m%? rs@hsdrl af?cﬁ:\nal ﬁ&d@trhﬁaredépﬁgs@lv% isoRfed

wat er (60 were ad he m Xture was stirred
obsgsgivg P%‘EB‘I"?)\ée ‘é‘F‘P’d% [q9goutbyistsy H@p%ﬁiﬂ%@@@fﬁﬂgﬁqﬁég ourette’s
syndi€ié raatisl, diilgla®k Al ddivioh Nostced bodiciza| doniprilsiud eatiddgand
b 3 x 100 nL). The conbi ned di chl oronet hane phases
obesi¥re dried over sodium sul fat e, filtered, and

concentrated by rotary evaporation to give a beige
Inflaiffatigh This solid was slurried in hot (near reflux)

opyl acetate (105 nmL), cooled to room

t eMPRPSYHSESYSISAT PAMARNK Broughdnevrous NeTve; istagw) igHeguiaie the

maghlde@$ thaaraté inrh@ieadspuhde by mhibithg @@aBleRse Benacieshage tumor

necriie fler SN0 feps Gofionigaiera Kot B resbh heidl iy

inflathmalvey patindiayl (eed fanzampple Olrdced] Thainfladwnatary eeflesh Nature 420.

853—?f %00‘5?' Pi&%ivg?naf%g@bﬁ@a?d& ﬁj{%\é ng !qug factor synthesis cause morbidity
and eveRanoitAfity-in a¥adety 2hdipeases-4ThEsa diraases-iede kut age pot lipiteg to,

enddf&le)maamﬁe@ﬁuwd %ﬂHﬁust @étééd?mﬂwbwrae.s (abkirma, GiHdPostletoster €

bot t ‘flask fitted
g oioRRey e TRy bR as (ot
ni inflargmatarnte@tdtioanthaf.cdn eectckatedoom pfaventet by pdmfmsﬁqarmg the
comgéww% 'dééec?igg% hgdalnﬁném&g Hﬂt%r%?t Iﬁ'ﬁt&%{oeghrung%'ﬁd Qcﬁua r{ﬂgﬂﬁﬂtion
psorbasr\endgtop(hmmawtuaﬁ%mengmqua acytg agum@ﬂmt'81amhr§él rheyragtoid
arthitid, dsioartrited afiByraft MR tiGH eRdnid ﬁr@ﬁﬁilaﬁﬁ ré,ébubn &sthma,

cont i nuously cool ed m xture over peri od,
athe[ﬂSF'F’r?élse'IW"?ﬂ”Gl?GE pPhagosyte QFBP'}S%'I“éU'}QéWPUWd@@PWﬁ RyfrhonaR:
fibrokie Catopid eémh&lish chdaictobetiuctiedpy@anai disbise, S&Jlﬁekmmwﬂdlstress

stlrr n e .

syncic. Sl et SfaroRRIT Hol béh B3R Ml Ptiord ba B egpe, Cronns

mas dlluted with THE (450 nL) and again cooled in an

ice-water bath. The excess lithium alum num hydride

was deconposed by careful droop-w se addition of, in

order, water (17 nmL), 15% NaCH solution (17 nL), water

(50 nmL), and anhydrous sodiumsulfate (50 g). This

m xture was stirred and then filtered through a pad of

di at omaceous earth (82 g), washing the filter cake

with THF (3 x 100 nmL). The filtrate was dried over

anhydrous sodium sulfate, filtered, and concentrated

by rotary evaporatlon The SO|Id was 5Svacuum dri ed (73

~ o N~ I AN~ ~AA o A T oA -
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nol ) was dissolved in nmethanol (150 nmL). To this
sol ution was added a hot solution of succinic acid

W@ 39891F61 0. 265 nol ) in methanol (250 ml), ri NBCHYS2009/600242
nmet hanol (50 nL) in the transfer. The resulting

diseaSsl ukReRive §c?|h$ltai09t@ cwanangxw ﬁﬁh‘técﬁ&ts‘&ﬁn&iﬂs@oﬁeﬁlw y
or 0

alorir QBRFDELF oo eoTE e Ao pERT R e BB ARt B2stah >, "anc
the 35 solution was treated drop-wi se with acetone

InflafirestorT ResOOMEE ABsdiatdd NitPBAUG R AaVRS] RidcRsf the salt.

e mxture was tien cooted Tn a refrrgerator (5 €
ov Many §agteriarard/guiifabiniggtions@re asspeiated m&g§[gi§te|ffgﬁs brought on by

the folrhatlofof RRinY %%rm@bé'ﬁytsrr%ﬁﬂl r@éﬂoﬁ@e to\tﬁesbﬂerw dr bw@&ﬂcﬂﬁ?%e
in a vacu

m.
o BROHEE) s i 5 tomanss s DIATHOR Sibayraolyes gpyergtng.a
signdlicart agpuntalf N# Jlantd/on ather cptokines UTIe oadrexPréssian of, thé®. oyfidkines

can %%S/SUE“QLOf f

S AFRP USSE sel e Freh IR SlR P rt ] Bhcotoi

shodk, 8rbs¢psis and, toxjc shasR sgndrpie. 7. 51 (dd, 1H, J = 8.7 Hz)
Cyt&m%%xéﬂ&s@rﬂg me%ha‘{zd W‘NN&E‘)and%aﬁEe ﬁm%ltg’d ﬂyla&rﬁiﬁlsﬂarmé Elgon?sts or

partig| agonistscof Hiesd reqeﬁtw% aTEHOE@ C%["H’Hﬁwes g%q"b%‘{ 'aﬁre'ﬁl'fe?ﬁéfer%spmsts or
partidl @gdn(sts of Hase retePibrd ¢an tRéMkfore2bdddsedd mittihize HGnfdvitnatory

ek b b e 458 5 34 o s Mo v
of suih. tadteri@nfé@iofs inGd@e aothraxutaatulisme ara:t:s@)i«ts SBmedf ttege 66,
consistent wth the
comﬁé r%% %I%llérgﬁ’v\aé’lg IXEH" %8?“@6')&?% he free base. Exanple
4 The g?jgpqﬂnpgﬁf present |nvent|on may also be used as adjunct therapy in
combnaforPMtH éidslﬁb@ ihedaplesdb aanage batetialt Jind Aad Gundiatinrectiont, %uch as

antfPlES AR FheEen SR AT TN g o7 st pPag s T Bioduces

by tmﬂJ)wfe_amhs apaas ehd émwhab))ynca_smnstoemsby\rmghrme bgryawitthout
gen!ea\%ﬁ'!:()it é}%gﬁlaﬁp%tﬁ}ygf%%se.%x'akﬂeg Ot ac‘rﬁiltd%r{soé?e digaégedf ﬁ)fr Ekanple, in

U.S7Rqtent higr 6.81 %43 toBundigied 2b hersiognts|effestiyn @gpipstdacigrial and other
toxﬁs c,‘ba b@r@ﬁbatlvé Bn@iﬂ%@@ﬁ&raﬁ&u%ﬁed{\@& Eeetshichen¥d BEco-W t h
({s @Frrb 0.5 nmL) used in the

ad”Y’}‘%’ﬁg‘PréW'thﬂf'Scf’@BP‘I"? é‘F@Cr APPeRy of the resulting

gummy mass, additional ethanol (4 nlL) was added and
Pairl he m xture was heated to reflux. Methanol (4 nlL) was

——added and the m xture 20was heated to reflux and

st iThe eempaynds ceiubeadmigistened tatregiANd@r piYentrain, inchidipg cute,

neuﬁidgfd’ ﬁﬂa:ﬁhafeﬂpﬁéﬁr%%E%B&‘ Eﬁroﬁn@%atnhfme QRAGEdE bailigoron a
otary evaporator, ford |n(r:1 an off-white solid wth

°°”@6‘|‘ﬁ§’5)¢§§cf”89\fj E?rﬁfﬁ)%a” bﬂﬁ’@"‘?B?t q/\ﬁé'“oﬂelﬁrqf pegisient ﬁgi\mmatory pain
and wehdiaspzithid ;ﬁalmp)e;foﬁdidd dsadbscribed ihe 8. Pdblished PhilenApplicationd®lo.

i - Whi I ! . ,
200} BBonhl RGBSR 1) BIF iedrBr B PG e ol i
adjuvant ratamod@mfemﬂamwwsoemm m@ﬁarm:ai hyperelgesis il the mguse partial
scia tere(?%én WR8elSPREGHp&Rhic pafm.f O 16 h. The solids were

under a cone of nitfogen on a snall funnel
dhe.asessicsfiest is éP'&Pb!fcfeT ‘6‘??@“% Ba'B °ff£a)”°“? Aenesistqs efiglpgy. in
partl&ﬁl&r ifl tre@thgl uﬂﬂaannd@tsbywarmmrasa&cuﬁéu Kypegdlgdsid) néGrogatHie pain and

3. 7%, of. a ht 0
assqhstetbglelht, SuShia Pal (A, SR FIEL P ekt fain and
paindspociaed withevhrmns corgditiopd irtchudingfchooer, angmlae@nalor bidiemcolic,

tenperature and chilled (refrigerated) at 5 C for 16
h. The solids were filtred 1nder a cone 30 of nitrogen
and washed with cold nethanol (2 x 2 nL). The solids
were dried in a vacuumoven at 50 C for 4 h to give
0.338 g (93.4%recovery) of 7-(3-pyridinyl)-1,7-

di azaspiro[ 4. 411onane di -oxal ate nono-hydrate as a

i ght-bei ge powder (98.48% (a/a) by GC-FID;, 99.66%
(a/la) by LCGDAD) np 200-201.5 C. Elenental analysis
results ver e conS|stent W|th a di - oxal ate nono- hydr at e

o, = - N\ = e o~ 7 AN ~NA
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in refluxing ethanol (65 nL) and water (1.7 nL) was
added drop-w se. The solution was seeded and al | owed

W@ 200802as6ll at anbi ent tenperature. The resul ti NRCTABE1089/000242
solids were stirred at anbient tenperature for 8 h,

menksirbdt8h QﬂlgraVI@Sé?@f’gdUbt IhngihReY pdid halbp ofdidersé h&tksit |n51Qd|ng

vacy ir bleed over
antvfs 470 RO GBS BrosYOHE @ Ghre o puoPae gamyipiides
trigeafimal at herpticneurbiyia, sl@bietit measopity palny ealisalgia; iv hack pgin and
(L : dropw se. The
dea@%FﬁaFwn s?\ﬁ'\%g?@@%gnchda’]s bgaee e'gwgsn%%gt%ﬁrred for 3.5 h.
The solids were filtered, washed with ethanol (5 nlL)
Oth@frtgsd;laérgd to give 0.85 g (77.0% recovery) of solid
(98. 7% e chiral_ HPL The solid s slurried i
r efn i%'tng t%%?ﬂins P“tsﬁseg%fﬁ)m%wm‘ pfmmw)onwagn& of the
presaddménddsronay\foe also Ubed ®@irevtenbor treascertal atttbr comdititend, disedes,

and fsp R bR ARLE e [Eude SR 388 sy o
Lup@g) disvidets associdiedwih cyjolgmexele@ise ra@%m&‘es%daedwéewn ¢4.g. as

occq%ymgl)g %ﬁ‘é@@fate{dgc%n%?/{(ea%d ombdisRdosiRl. PemPRits: ulifiaty -

reparati o
incoptinegcs yetingl ﬂwa)ssq inferptigyadippacet ANVasHBRa featon-Lambert syndrome,

hypéﬂélﬂl@ro(\ "O%te@bor@sut@ vaBobdiktiotdn; Wisatilatation, cardiad Areyemias, type |
val e
aiatgisf HiEyH, §erSin ab uel g hops Peetians setfortyneubiiied PY. s

applinatidn) Waeas/266de d The campmindg 60K} irvehionintay at$o be administered to

treatfé)ggulgxg %ycﬂ %L lr}o%e ﬁ'\ﬂq E%Z%ﬁﬁgn%[t ﬁﬁg‘é@g ?%41 l% Vtr\ggt %ngmgr&s
such a5 syehiis 9o Creifelddale ¢iseaset hat tenperature for 5
mn. Small particles began to cone out of solution and
_the mxture was cool ed to ambient tenperature and
D'—”\?ﬁlﬁ;&?—sfor 2 h. The resulting solids were collected
by The témpdunds mawaelused ini didgnesticanmpogitidhs3&uch as parbes,

oo ARS8 RS LA BAE 080 8] offos
for expmpleptasieteimpiggthe relative number and/or function of speC|f|c receptors,
partiéulary ¥ '2114812 Fé‘ébbtoﬂs%‘tﬁieaﬁﬁiﬂlsrd&fdbsé iHéQi’(bﬁfb@unds of the present

mvep@pngﬁéﬁ pretf)erggrly ﬁﬁadgyele# wktrh% radloacttlve lgotoplc moiety sucﬁ as @1@3 BE B,
12 F-'PB- pyri di nyl)-1, 7-di azaspi r o[ 4. 4] nonane

m;gReJ rgn rhm%&ergd gpm;%)eé%ﬁ{s%?y ée d‘P- tec;?éc} us?'@q?\éﬁ/ﬁ)a%ggﬁoq\ rﬁ%ods
apprppyiatg fas tfwdsbel used. cickamplesds nemtmen?jmctﬂ"nm@empemnn gfmission

topoglﬂa%h? (e ahe Eﬂbﬁ@ﬁmo%ﬁ%ﬂs&& doripiited t&Hé@ﬁ&? @PEC:FP €The

_ I ne | ayer "'was se ar ated and, exjracte 123
radiglpbels drssritadaPoye #ip yseiul Infifd E@dhbined Lhits) %ﬂdo$f?#CT (eg. ™
imagiﬁg fngth thalf-Wadsef st 2d. 4thffor\/‘m abot1B9 iin for tFF| ssbudv®h for '3,
and 6' L}{qg% ts? %Bdl X Wﬁ%uslﬁf%g}ﬁc %ctlyﬁy( aurﬁsldt%g Isnlaggg &\Etsrg%a%g rec%ptor
subt!s'aeseatmmnaturaﬂeg ofncehiratiopanpheeadpministerededoseiPypically are below the
toxic?r%F\ Wﬁge highkBfrat g@TI‘(egco]ndUuﬂ% E e&%@:tid’@ b capable

char Ira

acteristic o he racenate
of a%lpﬁﬁﬂtlond@ neRytoxis:levels, Qg;ﬁgyr@tlﬁ@gfdjo?e isgagiedpdin a manner known

to orfe §KlteYH theliaftyf yadialdbellinfagagises] 1r dlaRPra eS| Rdigit Noesl969,144

ma_sanpl e of the

tOLW%ﬁ ifl -0,0" -p-toluoyl-D-tartrate salt was anal yzed
by chiral HPLC, which showed 0.13% of the 1st eluting
conmpound (RT 8.3 min) and 99.87% of the 2nd el uting
compound (Rl 9.2 mn). 15 Preparation of
7-(3-pvridinvl)-1,7-di azaspi rof 4. 41nonane
nmono-H-di -0,0" -p-toluovl-L-tartrate
(-)-D-0,0"-p-toluoyl-L-tartaric acid (L-DITA) (1.90
g, 4.92 mmol) in hot ethanol (3 nL + additional 4 nL
to wash) was added to a hot solution of
7-(3-pyridinyl)-1,7- diazaspiro[4.4)ionane (1.00 g,
4.92 nnDI) in ethanol (3 nL) The solutlon was cooled

a ~rN 1 T 1 L .
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30(99.3% ee by chiral HPLC). The conbi ned

filtrates fromthe above resol ution were concentrated
wa@eaondser esul ti ng resi due was nade basi ¢ w t hP@I/NS2009/000242

sodi um hydroxi de. Extraction w th chl orof orm gave,

af TRé capprLABs mal be—rdmbistergd ading krdwhiteshnkpes. $89%resahyle,

' Thi di |
I e e
comPositio®s thad ln):oma@tmweldngraﬂlensaume amhnseltveeMSnmwemltf@t are
useflfRfdrRulatitd é‘élagﬁ’éstlﬁ'gorﬂb& itioh € omPatHds uS&Fuf iRiatéordance with

suspensi on was COO0 an stirred at anbi ent
carryipg/put the presert sventiqn moshrefesallyjare\gaployed infapesof highavely: See.
U.SWdtdht Not 1860696 3 BimBIcRb)al. and dried in a vacuum oven

Aﬂemﬁﬁfem%w&éPr%g@%"'weée@%%%@ﬁﬁ Ao bl B Huan Sbibes) Ineresence of

that Derhpourd iwithindhe sdbjeih sar be imaged bndyquraatifiesibyf apprdphiete techniques in

ool AEB B b AU g8 ST
addfiorhipdwmmeydive camRoUNdS may alse S @dMINEtased forRnTEAP) SUgh as mice,
rats &ordels b g8 NaHH thHIRYs. O$PEC T SndPWET ﬁha@’r{g)cai‘a bé- carned out using any

di azaspiro[ 4. 4] nonane i S
aPP’PPB?fFfeﬁB"'H%%B“JtaBPaEﬂt“% Q?GRE"%QUW? aly lfhf‘\f'aef'ﬁef %{cﬁ%éi's)
Neugdarlat Nicdthic2Recgptots: Fhammasblpgy andlierapeatd Gppaiunitas, 235-250 (1998)

and% a%%AWP %%5‘-’/%%?9?6@" 10 acid (0.15 g, 1.1

precipi ‘ormed, and the m xture was
heahe cadatlabe@@ compodndsi bincwith highoafnityte sele¢tive MNR subtypes (e.g.,
0465)%?@&%\5 eFx]NBﬁ néélngble(n]on@placmmncﬁﬁdjt%%ﬂ%?%cbﬁﬁc Bﬂdﬁﬁ&bfé

St 00 lent tenperature. The solid
recepior SURNRPSAME. W%eec@etogﬁwpes 265°§'a(ef’6“}$hy?%?°£ﬁa’l9fga\ﬂﬂ'?? Ch
such) Wkimpolidslcinbb3IRed as Eg@%ﬁhd)rmﬁ/a@f/e imaging of nicotinic cholinergic

Z-.di i T
oo S B bad PR Biglaly SR B pRmanose
assted withe weriely (fENS/diselisny a)d disgrdeisazospi r o[ 4. 4] nonane
( 1"f§1tée% ?é fd dﬁg%stlc %@rﬁbés@tfon@ Hé?'b@%s@@ﬁ‘m mEMEB4 to diagnose

i SO ol uoyl -Ltartrate
disegsg ipp SURJeBle 4GNS a(fztsnmeahms Tae geiog.itvoives gaminkring to that

patiéHt b AefecRBl 18beldd &hptamdl )as descarel Hermrattnu ;aefectlr\ﬂ‘!lﬁé biaking tof that
St.a
comEuryl Be)on KT yRie & o A pioeld SR Breha e ahngy i he on

of usihgediagnodtic tadidj $uch raaIPEa'cmﬁcSREGNasarauhthe (&Rlolakejed @Owndnds
desérmgd Fkr)éFn% 8| \gﬁg‘seh;@fdg%ﬁ gdmﬂg ér{?igdéé?&éré it conditions

I on was tal ne
and Glsswéfﬂasﬁ%@te@wdh dysdungiion ef top ceniral %ﬂq "t"b"%%s sygiems.

SucRBlRbrABIs ihdhaay mdewsnétf&f NS Hiswhdel aHY digbn;cfefé flhgludlng Alzheimer's
rocee or

. Crystallizatjon was
ciseges, Panar SFFSPss SMhaRIAORTPEG. THEET S e easpiafe giseases
and tisbrdrshthatah dyavectreatedlin€i0de tyos thstedré sétfortivigU. 81 Paterst No.

144- 146 C (Fi sher-Johns Apparatus).
595?&%&5&6?’%%5‘?“% 7.72 (s & d, 2H), 7.62 (d, 2H), 257.26
( dIn angfher aspest, thiidiagnggtic qpng@s@qns car)be used in g @pethppq)to monitor
sele@tiv%QnJomuc %pto?s&ﬁ;gfe@of 2§D.bjec2 f3n 68 hﬂr'ﬁ)an patient. The method

Det ermi nati on of sol ute conf i uratlon

invoffEt HEEISIGHD & detocbhlRpeled GHPoUT RS Gosviles e L el radn

and dbtectirigiod bihding ofthhasivaiound tocseleicted ntdodinit iredeptos sulftypes namely,

' -1, 7-di azaspiro[ 4. 4] nonane. Both

the a1§2$e9%gorgg&gb%%e earlier eluting 30enantioner (chiral
HPLC anal ysis), which corresponds to the materi al
derived fromthe nonof)-di-0,0" -p-toluoyl-L-tartaric
acid salt. Inthe first atttmpt, 7-(3-pyridinyl)-1,7-
di azaspi ro[ 4. 4] nonane nono- p- hydr oxybenzoat e, of which
a crystal of suitable size had been obtained by
recrystallization fromacetone, was subjected to x-ray
crystal | ographic analysis. Single crystal data X-ray
data was col |l ected using a Bruker SMART CCD
di ffractonmeter 35 equi pped wth an Oxford "Cryostreant
LT tenperature apparatus operatl ng at T = 170K A

. o
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C191- 122N302C | 359.85 180(1) K 0.71069 A 0.46 x 0.10

X 0.01 mm Col ourless Lath Orthorhonbic P212121 a =
wW@2890%(58) A b = 20.2295(6) A c = 20.9884(8) A BEBESBRY00242

A3 8 1.340 My/nB 0.232 mm 1 1520 a = 90 13 = 90 V =90

Recé@bl BindingDat a col | ection and structure refi nenent for

L e
for déenpd@ndSathéchciind te NI subtyriels opiiinuladwtHercip@ reveatod setpypes. For
this ?8@8&3 tﬁ@ g&ﬁgéﬁgg bt {h%rln%h&'\ SL gbl? T%eéé witR a%gdlégctlve

ex range tions co ependent
isotqpicf eiglyisyersaTH OF a@e Expmpleg eb%wa biding sy A fscribed in detail
belogvari ation in check reflections Max. and m n.

transm ssion Structure solution technique Structure

sol ution program Refi nenent techni que 10 Refi nenent
VI. mfamgnhaémiéammhpnslﬁbném zed Data / restraints /

Iﬁl'&nglt ﬁrtg%%%g)l t%séd >r5§t%rtt5u9 %r{f@oa:ﬁ??éf\}éé g eQ@At lrﬁenthon in the
forrrmf aMMOUVQacfmerattIUS ereferredrie administar g‘&qonmwnds lpé!@kfoamaf a
phaﬁ‘r‘igg@utﬁgfdoﬂﬁi&l%n SIHEHRINGon OTAEY, frorldar &tmsenm%nhon relates

Non- H atons, U 25H atons (on carbon
to PhaTmAReUlicAh CRBRASHIANS CAPrising the C(OmPOHéq ﬁ-%%“t inggigion and one
or n@_wﬁfsanh@ébdﬂeél@ra@aémam ,canuea @iliers ozrrdaameténatmmer@eﬁect of the
inveﬁﬁc%l%rg\%iq%d@ %tﬂ(:)e_nsgzorﬁ <Erfpir§ derf%ﬁ%&?&%y%«% cogn%aslﬁu?g g]cludlng
admixing the compounds of the present invention with one or more phammaceutically
acceptable carrier, diluent, or excipient

The manner in which the compounds of the present invention are administered can
vary. The compounds of the present invention are preferably administered orally. Preferred
phamaceutical compositions for oral administration include tablets, capsules, caplets,
syrups, solutions, and suspensions. The phamaceutical compositions of the present
invention may be provided in modified release dosage forms such as time-release tablet and
capsule formulations.

The phamaceutical compositions may also be administered via injection, namely,
intravenously, intramuscularly, subcutaneously, intraperitoneally, intraarterially, intrathecally,
and intracerebroventricularly. Intravenous administration is a preferred method of injection.
Suitable carriers for injection are well known to those of skill in the art and indude 5%
dextrose solutions, saline, and phosphate buffered saline.

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

Phamaceutical compositions may be formulated in unit dose form, or in multiple or
subunit doses forms. ’

The administration of the phammaceutical compositions described herein can be
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98.8% N A 0.9977 and 0. 9008 direct SHELXS-97

(Shel drick, 1990) Full-matrix | east-squares on F2
WERHEBRB5017 ( Shel drick, 1997) W F-F2)2 4520 / OPCT/U82009/000242

1.098 0.000 R1 = 0.0494, wR2 = 0.1176 R1L = 0.0700, wR2
mtenmﬁbng-)g)ggt':& a@udﬁ%ﬂgﬂﬂuEQﬁhﬂéﬁ o@@érﬁB)lé’d‘Q&t@‘tﬂ%EﬂhaHﬁﬁeetlcal
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adnmﬁﬁgrgg Rgé leﬂ]ér?t?%ked my t&ﬂﬁohh%n{fj(ﬁé ;?IJ S Céngﬁgfge used in

the Kgatmpptof H/VA"et% gfTigordsre) gmcbcqtiﬂwgtsan >@Srsal9h smamq yged ipf

con"ﬁ)m%tlm SVQM%?y Q@tﬁérﬁhé’fﬁﬁedﬁé 'a?éht@ LYETLIah tHeﬂ%aﬂ"ﬁérﬁ bt Srophylaxis
obt ai ned recrystal liza EO00301 (as

R L e LS
adrrggdiﬂaﬂgnwf&hélﬁihrﬁ;:dmmgﬂ@df tmsreeertr;thwéhmbm comisipativa vith other
ergasbic afyns. i ek EBRRE . THEGHER rhBnlipay eype
compinatidn vathmpiher NEGOD REahYs (gash asaumenlclmebenmmsu(mqh asdreqcadical
sca |HE é’grﬁsal mlﬁ?ét@tgalgg% &lich S@fémcﬁlm éﬁ%bﬁ)%éf NRMtiRiRs aBénis

Il azaspliro

(sucﬁ@ﬁ Buﬂe@'ﬂe@’@!ﬁ?@ﬁz'%tzé’%%'%‘%a”d@%%%éﬁng‘éﬂ?glﬂ'ﬁmﬁ fyuch as

warfaah)CattiahRehn&ibipaghats ($UtR ab NSAMDS) Sérﬁldyremes fapalgesicss anesthetics
[ n F| ol ut che st ::Zﬁ

h
uefapdpr RebrongrecepishPisRET A Mrthedts (feh e eppd
galapamenetantipsyehotich (sugb aslbéleperidot diozapiree o@niﬁb@rﬁe) and quetiapine),
mmE{ﬂ&e %@g}rr%g&rﬁs JubR a9 Bj s mgr\cﬂﬂetﬂgtré@fael) %ﬁggn%&‘ﬁlve agents,

usi ayesl an statistics
stergifly (syeh aqosierplddlormem@g@eﬁlcp%@mdﬁ éxlch gs 4oxamatoasape. Aredsone,
and ﬁ§drb&ﬁt.s%hé)r GIREhALInShdrils aiutrbbameéls raah d@pﬂé&@rn@a@uagasf% as
%nd that of the ¢ ‘ilkﬁral cen Prﬁ? ¢
'm'p\'/ﬁ‘i“'% poxetipe, £@F°é‘8¥‘fb‘3n{es lopram, ge § "I“? 8 91’1'8"6 ine),
anxiblytios(suchaas apedzotam aihd buspoloms, rantlmhlsammmlsh aé phdrgtdinvand

gab@gﬁ@%&fji}a@u@é Fét%ﬁ@%é{ BPBEdih Snd'Qidbn ) emBEP Y biliskeSisOLH £5
valproategangyaripiprarple) -antizances deuopi(sush as ant-piokieeatives) Antibyrertensive
ageMS [dukR ds Btreﬁabﬁ BI@mEPn@OJnITI'DHHmQ @ra‘p@mﬁl%n‘d%ﬁe%ﬁf faR&thves, stool

acid salt, also characterized short er retentlon
softeneys, Hqélr%lﬁs (SHER as fumg@ude[)] aaém-tsH%snggtlgﬁ&y ch, gs dicyclomine), anti-
dyskinstiE bgentsitaho anti-Uicef raédieatidns tsher &5 edomeptdzale).t Siechat doabination

o « ERRBAACATER e achhefs B e of SRelelE ang. srep acpjered
separatelyaasministration inyaytageur| smg@nemam&emnmltmn @ny etder. alhe
amodhis f th@%mb@tﬁwdg o‘?géé’ﬂné%r?d FRNELHIY @hings of £arAINRLSticH will be

eleeg)%)fr?o%tgsﬁi%h@lvﬁme)degreﬂ therapsdip pifest 4. hﬁ?ﬁl@w@tl%mcombmatlon

of c@rﬁddﬂhd@ﬁftﬁé present invention with other therapeutic agents may be in combination

R AETE A e rETr T s
compolngs; as i2)separatel ihermeapeuticalcolripogifiont. eachrimolulling pnéroftthe
comH@Jn'&?nﬁ?ﬁerH(éhv% e SR ﬁétﬂﬂ%ayzbtmrdrﬁ @s\’@é@%epaﬂ\@g in a sequential

resu tron was concentrated I n vacuo

mangef whefRid %éf%‘(@eﬂh%geﬁé@eﬁﬁ"ﬂ'ﬂ'stﬂf%f'ét @Di‘rﬁ‘iﬁ QlBAf S%C@F‘f’d Such
seqtﬁd’ﬂxﬂélaﬁﬁﬁmtlé\'\ mal bdcms@mtﬁcer&trérhbtem trh@e m xture was
St'”tﬁ n‘ﬂpent te ? overni htt T@e solids. .
MRre EPPF‘E ereg p"’v@&& [PaRePsrE t"é‘ 'Y BePy CORRpng
admhisterghgde thésAbjectra Meiapemncally\mmumavtmally effegtivecarfoudBofghe
(83% vyield based on di oxal ate) of
(S)-7-(3-pyridinyl)-1, 7-di @0ospi ro[ 4. 4] nonane di oxal at
as a white solid (np 135-138.5 C).1H NWR (D20): 8 7.84
(d, 1H), 7.81 (d, 1H), 77.60 (dd, 1H), 7.67 (m 1H),
3.68 and 3.44 (AB q, 2H), 3.49 and 3.33 (m 4H), 2.35
(m 2H), 2.06 (m 4H). 20 Exanple 9: p-Hydroxybenzoate
salt of (S)-7-(3-pyridinyl)-1,7-diazospiro[4.4]nonane
A sol ution of
(S)-7-(3-pyridinyl)-1,7-di azaspi r o[ 44] nonane (0.15 g,
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A sol ution of

(S)-7-(3-pyridinyl)-1,7-di azaspi r o[ 44] nonane (0.13 g,
w@2@%/0mse1l ) in 2- propanol (0.5 i) was treat eBCTHSI00H000242

warm sol ution of (R)-(-)-mandelic acid (0.10 g, 0.63
compB@ds of ﬂheZwr@EreﬁplaVéHtloﬁ andrbnetoratisie bthenthkerapettic dgentsasdn)ding

cherhgtﬁglita?)g%t! & taﬁqnetﬁeras % ag g,ag%qg g]erad&%gﬁ)é/\%%entsrﬁre aglegts used in

immnhodhenaey.was concentrated in vacuo to give a |ight
yel l ow gum that was dried overnight at 60C in a vacuum
oven. Acetone (5 nlL) was added to dissolve nost of the
VIl Examplefng yel | ow gum and upon standi ng at anbi ent

t eMRE fbWing syrthotiladldanBigEhaNetampiearane pFBbi@eﬂbﬁllu.str@tthﬁé present

. refrigerat for 3-4 h and the respltin st.al |
ey ot arou 1o B eopsiee A mp pefoh 1b HiSe Sip B A Barts and
percanapesare(by weight, ub@sh ethsoliselsote rReadtioreyieldsarerrepatedunmole
perc%hta?g for 2 htogive 0.18 g (79% yield) of (S)-7-(3-
I'nyl)-1, 7-di azospi ro[ 4. 4] nonane (R)-nmandel ate as
a white granul ar powder (np 138-149 C). 1H NWMR (D20):

Exaﬁtp?e P3pétrmittadtion 6f ﬁ@tcﬁﬁﬁ to'i#‘bcepﬁﬁ‘*ﬁte@f acid noiety,

|7n Izmcfrltfq]laﬂgliﬂnctlgrn ghe goméc}q%dg @LE%”J%FPQEF% Sﬂﬁ é’%@"hmed n

accor@ahice atith fitge tachimquessiehmbeu @ RCIT WIGe2008)057938 Snkiditior thnstants (K;

valuéyaﬁ}gﬁqqtlﬁ ﬂ/‘—ly“%r 7 Gt ated?fré‘hg ttfern: HPues Esiﬁé’ m:e%entodﬂ’cw)Cheng et

oride sa
al., Bigghem. Phamyacoti RAyA0PS (1973 la:wslpiblﬂ@ﬁ donglansrindieatathat the

com |rté§'o@ft‘:e‘bfresent invention exhibit high affinity bmdlng to NNRs. 7- (3 -Pyridinyl)-1,7-
| azasp |ro%L nonane

Ot NN G R = IR K
1,7- @uefusetnds[n Aajnedarelall d\@tltitﬂ@bry(l'ﬂglﬁafm‘luy fok oaBz mmts) havTrtge<. R8lues of

ol U 0 S concen | N vacu
ess J5art TioRl, 188 cSBRE Tl of ine rasant Bidio PAE ek iz Nves
overta’e htrean mustie acébanan ¢ahglitr) subbyes, hwhigh seyreshibi kittle if any
bmdﬁtg'orr Rt (s8EPLRBT), tﬁmgetﬁétc%ﬁod‘n% offlthQ P?H%gnt invention are

refrigerated overni e soli | tered under

se'eﬁt\terrw@t?t%tﬁef%eﬁ%%%mwbaeetone (3 rrL) The i ght
y e Howav & ahe dRamhirSléfi 7e@-pynéiey)- V adisd a3 pdo[£4)forfa0E difer i their

aviyd e Hyr e RINNRE. Ftneat v Taviest 4R4T sRisiy-17-

diazhgmir@csihanand disthgishes frygrtos moemate et ithevcopespinding 1S-eidviomer
in th%REg)r?bLéﬂ@ﬂ;}Qgcgﬁ’sg& %H)hg %ce?%; %F_m -15% o}f_g’r 6@ oégg res 5%3@ EC_r,o =
84 uy) 4 ThysmthedR{pnartiomgr shauidipg parg:uggy @ﬂectmm)at coEg@ﬁagtl@g 12
hyp&&’ﬂil @ 16 éndQﬁereby treatlng conditions and disorders that are associated with
h éfgz ridin J azospi [ ro[4 4] nonane 30A

yp (UP lﬁt e, such epreéssion an

(S) 7- (3 pyrl dinyl)-1, 7 dll'atﬂaslpl ro[44] nonane (1.48 g

ot ~

729 IIIIJI) il |aup| )pyl acetate \J.u IIL) was—treated
with bepzoiclacid (0.89 g, 7.3 nmol) tqg give a
solution. Solids began to SERaL ate, addi ti onal
i sopropylgacetate (5 nl) pha 4ﬁadded,um§,pd t ABmAA XT Whhnan
was stiflagh at Handi ¢t d7eNBREALUN €aspy erNicihglion Thewsalk t
was col | et ed dag2Ki ||t rit i pnofurder EGsOr ggesP @oal (isPetho

Cérogoudd h| j(mMa | veoMum| ofnéih gat regBC |t o(nflve 2. P8 g (93M%

ield) of
Ry J e 7 /58 i ﬂnyl \>1_‘gk7 di %ocpi $1,Q34. /|'| p(}éano 22
S egartiomer L B2 1 whPtelsaPtdl (i 1153908 d o 184 fpect |

(D20): 5 7.75 and 7.67 (m 4H), 7.30 (m 3H - C6H5 of
acid noiety, indicating a Zﬂono salt stoichionetry),
7.12 (m 1H), 6.90 (m 1H), 3.55(d, 1H), 3.38 and 3.24
(m 5H), 2.24 (m 2H), 1.99 (m 4H). Exanple 13:
Benzoate salt of

(R -7-(3-pyridinyl)-1, 7-di azospi r o[ 4. 4] nonane 5A

sol ution of

(R -7-(3-pyridinyl)-1,7-di azaspiro[ 4. 4] nonane (1.67 g,
8 20 rmol) in |sopropyl acetate (10 m_) was treated

s o o A ~ o~ o ~ N~
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After stirring at anbient tenperature overnight, the
reaction was stirred vigorously while adding water (50
WOortgos/osfsser stirring for 15 min, the | ayers weP@&I/US2009/000242
separated, and the organic 15|l ayer washed successively
| R enbitomdrOPo aquéouso hydirsaohl jori @ adi d4oosatler, 310% laquéous

pot assi um car bonate, and brine (50 nL each). The

or ?aﬁ'&tﬁsa eCind B, )dgtpqgmag\sﬁ%ﬂnhxWaguateﬁﬁﬂwae f“apwsatrg

COﬂC nt resi due was puri
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platgh wiip SRBIATERS totoom TERRHEREL Fy e o eIn e e eticirdg O

to 1@(8nMTbrm|dot||6élor7bLger 4676 af a Fhieer(dolecalk) Devites). eFludresaence(at

485 [%ﬁq Gl Hofid B4 FRdRInoRe C%teﬂlngﬁw&@% &%&%@?@%ﬁ&@gﬁﬁfl?&l&éc@nce

was@pa\sared tobath a pesiie ¢antrold ) pMinicptipe) and |[q)negativezsoptr) (yfer
ann%ﬂ)o de%rrﬁﬁle(tﬁ@ pé'rb'ant re?spgr%e(rgﬂhve]tUXhat B rﬁéotmg 45 ( m 3H);

5. 80 fairate ot pgse dus Breper AR LB i diadisBis g Gnonages
refefteBto(ad1Cotound A8 CompQudB is2({S)-7-(2-pyridinyl)- 11#-MliazaspB4 (4lhdnane.
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d' B\Sﬁ#f&%}:lo%a Qe(R) 7- (3 pyﬁdlﬁﬂj b'ﬁ}agglroFMnmg &4l @5mpound B,

di ast ereonme
S)-{- @;mﬁ@le?b@ﬁ%;P'rcaMhenw eerhgis tger kydrreployide palts, were

scre@h&h boToM cbakatratddOaddinst a 6@abad skbofrddepfors. VE@SMpdURAES (B)-7-
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musea0dicsid1 (B80H mhibitidny, hems¢lediae eentral mbschriniet( 84k indiblitoni] @on-

seleé\}agrf%emrﬂeral Iintd (848, |m§|t|§rhi Ribdti fliiﬁ:f(gé% %htbitio%va%ﬁ%ﬁéfective

lent te er at
signtar(éﬁ%é%lkmrﬁ recepiersyn §1>rrtéasta C@moqu (RuT1(FReiiv)-Tr &pi d
dlazaé;ﬁd%t J&ﬁ.aﬂe Hxhibfed aﬁd.hg bn‘ny HOtistasmki-e (ée‘lfodnl'(llﬁtldﬁ-))and piaekinic

(007 BB S RE 5y AP e RSl E S SRt 10 B Uate B SRR gnetgrin

termses théin@omvaiotihic soépterbindingl clehbateristiest [Thisaliffek@fliatidr) is believed to
. i | i t. 0

vand e 302 R0 SR il F GRS N A Bl

dlazeaww 4nane pod () -Cnyddinylh d, 7 dlidzaapigi4 Hinensang & Beas various

disea Q4 thtay srwlédﬂgg forfekérh&lé QA abifity 69@&%66%%%9@1 eniﬁske;er@sér@ueauon

of oS, A BorabeIPHICERT B RLRieA BoGlehraimng 0. ppsiimonstated

efficagtihandiple valiatep aniciabhodelnsiideprssibhasd addiety, ferdvine @ompound
d wth excess triethylsilane, and

B fale dtL e'%gnﬁ%%@&t%gl phed wt h a hexane/ et hyl acetate

Exaglpml’smm@t\aﬂlqml((Eltﬁ@%ceil’lhylMaaeéE%M)e) to give a solid

pr @%&ﬁnenﬂ?‘b:%c@@lfrer ecr yst allized from hot hexane- et hyl

acetfate to gl ve crystall
1- EE‘?]'Z‘SV"P 7wtc %IRsietgcts a@(lolytlc activity, follows that described by Handley S.L.

and Weth&wi ISh &feyis Jof dipha-dtRnacptor agdnidts Bedaitagormisin(&4mae-

expl%lr%:t:lzorgrpﬁ) : el %)’ ffgrl-ﬁlggxg(t%dﬁe%%url Qg%ré/n%scpé‘ﬁgﬂ.r%%,_ﬁga rrcr)wgco% 327, 1-

5,198485-2.95 (m 1H); 3.5-3.65 (m 3H); 5.55 (q, 1H;
7.2-7.4 (m 8H); 7.55 (m 2H). MsS: M+H=349 A
solution of the above
1- benzoyl-7- ((R) - a-net hyl benzyl) -1, 7-di azaspi ro[ 4. 4] no
nan-6- one (1.6 g, 4.6 mMmvl32 in dry tetrahydrofuran
(THF) (50 nmL) was added dropwi se to a 10 suspension
of lithium alum num hydride (0480 g, 12.9 nmmol) in dry
THF (25 nL) with ice bath cooling. After 30 mn of
stirring with ice bath cooling, the bath was renoved
and the reaction m xture was heated under refl ux
overnight. It was then cooled in an ice bath and
dlluted W|th ether (50 m_) The cool ed mxture was

' ~~~Nnsz S
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35col orless oil (1,7-diazaspiro[4.4]nonane, 150 ny,

14% . A solution of this amne (150 ng, 1.2 mmol) in
walegpvoiseene (5 nl) was purged wth nitrogen, apdI/us2009/000242

3- bromopyridi ne (117 ng, 0.750 mmol),

r ?S?fﬂarﬁls dvold oﬁérﬁ&dﬁbéﬁ“@fé’dﬁéﬁ@ﬁﬁ@bﬂ&)ei&aﬂed dgﬁkﬁ@{ﬁ) gyhxmlytlcs
ncrt B STy BV SRR AT (0 BTy B 5 ) ol

length @rad wiaithi amar0§ed it Re2focth al) Bplug 4idn (w), T@0 OpBositeaImy wererenclosed
by m?aﬂgf‘f?ose&r F S Eﬁé‘ Wolé({)\ﬁ ré?r?nk ?Egﬂ%wh@so@ﬁéeﬁ%n%s?ﬂﬁwé‘rﬁé‘{e‘iﬁas

Xture was

raisgchaavg herflaor. o ead wasplaggh indheeasira o&hePlusanaze angreft to explore for
5 mﬁ\@@k I we binitser oF &ntfids B0 th€ Sheidhd cloBEd EMUERY e Bme spértth the
th a gradi ent of 0-10% nmet hanol in dichloronethane
°peBBW?sa‘f"?ﬂeﬁ 0% concent rat ed aqueous ammoni um hydr oxi de.
Thaen ¢H) rdts werelstuied merlgrdup0 The tesfl889 pertasmédibilend. Gonipound A

wash108A0k 48 d S ANEH et dhe SERRR led 1o rhidl il G2fERe test

andicgriparetl With adehlslalcpnmllgeqﬂlpo @lobapam, aslglinigteded aderithe same
exprirddht ROndittRE. WasustHR3 faeeRtd éﬁb&t!éhéél rmeeéipmuﬁéhtmé?aare

then recrystallized fromisopropanol -ether to give a
inclyded 6G5PYRY- (7- (3-pyridinyl)-1,7- 10
di szASal Malyshl- t onane di hydrochl ori de, 40 ng)
free base

Pl fte pRa e corinatg Be fiel BRERT PR !B Yigue using

unp8iréitedthie maj or i sonmer of whi ch |s i dentical by chiral

HP

heh\gﬁéﬁﬁ hgdn@ﬁé Acgmﬁ%terl ﬁ}ﬁoa)gékl)lgéﬁdg& g‘rtrr]r? Eggl

by x-ray diffraction, to have the R absol ute
Exaﬁﬁimmtme’ﬁrégmen MuBe( CPaPBhspehsnATd) (br m 4H);

65 (br m 2H); 3.5-3.6 (br m 2H); 3.6-3.75 (br
—3—\-!%——'1%&—%79(br m 2H); 8.1-8.2 (br m 2H). M
Nlﬂrl)thsdw theBeatplJamit& wesLhrowghy tocicclibadte tdbe testing roogf for one

hou? él tBXiHa?Q \Dé(rLz)les:l%J 18%E3‘Fﬁ'ﬁp'FBfRM%g"’;lrQ?%%@n%fh%hH&e

ues descr erein
desipynine (B8 o) af RYTPOUNTHA, PPAASPRSa (Q4L{Coh #E 'Ra'ed) . 2

ple&ro?WsPQreP{ (@E@t&ﬁﬁbb@ﬂra!& Mh@d Band B¢ oﬁééd#u rh'&]%@ frobN@bout mid-tail
en

| va
Wit 3RBioy eI 3 SR BApe mating pat BRI Lo Bicpaterp fMep@iaged in the
tail mpensfoyxsihaﬂnbem ewhibd olyvirlylchiotide cubit)esaneaspriy33ed3 k 81.76em;

e RbATER1 A%y Kbl . THO RO ORMBA SRR RIRL B 7

force tsansgyeerIvia tIZ% t:allftamﬂn TheAerce tcam@upeyrtraa%femﬁ the(raeuements of the

moudéYda ﬂecb%rdeﬁﬂcgbgnné&&dtt@ a cQﬁEtﬁtﬁér nﬁ%%%rm;f tinNstriififfe §hétand
t ur ned gumin few hours Light-Dbe esoll

inteRsity WRFR QL@O@%}'C?I&' rﬂﬁ?rpéd fog P%Y'B'P Idi“f'lrég @Bﬂp(ﬂ“"\y\fﬁsf geriod. Upon
compleliat éflthe TS texg IthedmiBbiviete Badlirned {ol tggint hoyed dapey apdthe@ tb Yhe animal

cologxllj.g]:h(){ed%§ é,%n‘b%p?o @%engééﬁjﬂ%ﬁ tb%tzvﬁe.ey .Qeos%l‘o ns.VE)th we;:a gh'alyz%'d %} 7

repeated measures and one-way analysis of variance (ANOVA) followed by Fisher PLSD

post-hoc comparisons. An effect was considered significant if p < 0.05.

Immobility time

One-way ANOVA of total time immobile indicated a signficant treatment effect. Post-
hoc comparisons found that desipramine and Compound A (0.1 mg/kg) decreased total time
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One-way ANOVA of total struggle intensity indicated a significant treatment effect.
Post-hoc comparisons found that desipramine and Compound A (0.1 mg/kg) increased
struggle intensity compared to saline.
Struggle Frequency

One-way ANOVA of total struggle frequency indicated no significant freatment effect.

Example 1C: Plasma Pharmacokinetic Data

Similar to the above-noted differentiation observed, likewise the compounds exhibit
differential phamacokinetic profiles. As is known, phammacokinetic parameters, such as
bioavailabiity, can be calculated from the plasma concentration vs. time profile of any
particular test compound.

A single, rising dose (SRD) study was performed with Compound C (the racemate).
Plasma samples were analyzed fobr the content of the two enantiomers, Compound A
(substantially pure R), Compound B (substantially pure S). Three dose groups (Compound
C) were analyzed, 50, 100, and 400 mg, and four subjects were randomly selected from the
6 subjects tested to receive active treatment in each cohort examined in the SRD study.

A difference in the terminal elimination half-life was observed, where the terminal
elimination half-life estimated for Compound A was approximately 6 hours longer than the
terminal elimination half-life estimated for Compound B. The data is summarized below in
Table 2.

Table 2. Mean (SD) Terminal Elimination Half-life Data Summary

50 mg (n=4) 100 mg (n=4) | 400 mg (n=4)
Half-life Compound C 248 (3.14) 21.1 (1.69) 18.5 (2.06)
(hr) Compound B 21.0 (1.53) 17.8 (1.87) 16.6 (1.58)
Compound A 27.5(2.78) 23.7 (2.52) 22.4 (1.89)

Table 3 presents an overall summary of the PK analysis. A graphical representation is

presented in Figure 3.

Regarding exposure, Crmax and AUC,, each enantiomer, Compound A and

Compound B, represented approximately half of the total exposure as compared to oral

administration of the racemate, Compound C. The observed Tna of the enantiomers is

similar.
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Compound B: Mean (SD) PK Parameter Summary

PK Parameter 50 mg (n=4) 100 mg (n=4) 400 mg (n=4)
Cmax (Ng/mL) 12.1 (4.09) 246 (3.59) 158 (32.1)
Tmax (hr) 3.13 (0.629) 2.75(0.957) 2.00 (0.707)
AUC; (ng*hr/mL) 237 (63.9) 364 (71.5) 2134 (530)
ti2 (hn 21.0 (1.53) 17.8 (1.87) 16.6 (1.58)

Compound A: Mean (SD) Parameter Summary

PK Parameter 50 mg (n=4) 100 mg (n=4) 400 mg (n=4)
Cumax (ng/mL) 10.3 (3.27) 22.7 (4.23) 163 (29.1)
Tmax (hr) 4.38 (1.89) 3.25(1.89) 2.00 (0.707)
AUC,¢ (ng*hr/imL) 256 (27.8) 451 (61.3) 2418 (408)
tiz e 27.5(2.78) 23.7 (2.52) 22.4 (1.89)

Example 1D: Side Effect Profile
Compound A is believed to exhibit a more favorable side effect profile compared to
either the racemate, Compound C, or the other stereocisomer, Compound B.

For example, preclinically, Compound C induced seizures following acute doses:
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1/5 male rats Acute IV dose of 100 mg/kg Compound C
4/5 female rats Acute IV dose of 100 mg/kg Compound C

Likewise, Compound B induced convulsion in 1/6 male rats following an acute oral dose of
300 mg/kg.

Compound A, however, had no effect on seizure induction under the same
conditions. In fact, the effect of Compound A was not statistically different from the vehicle

control.

Examplé 2: Scalable Synthesis of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane
Methyl 1-benzoylpyrrolidine-2-carboxylate

A 22 L four neck round bottom flask, fitted with an overhead polytetrafiuoroethylene
(PTFE) paddle stirrer, addition funnel, nitrogen inlet, and thermometer probe, was charged
with L-proline (200 g, 1.74 mol), potassium carbonate (600 g, 4.34 mol), water (2 L), and
tetrahydrofuran (THF) (200 mL). This mixture was stirred under ntrogen and cooled in an
ice bath as benzoyl chloride (256 g, 1.82 mol) was added via the addition funnel over 2.5 h
while maintaining the internal temperature at or below § °C during the addition. When HPLC
analysis indicated that the reaction was complete, the ice bath was removed and the mixture
was allowed to warm to ambient temperature. The THF was removed by rotary evaporation
and dichloromethane (2 L) was added. To this cooled (15 °C), stirred mixture was added 6
M hydrochloric acid (1.2 L) to adjust the aqueous layer to pH 1. The dichloromethane layer
was removed, and the aqueous layer was extracted with dichloromethane (3 x 800 mL). The
combined dichloromethane layers were washed with saturated aqueous sodium chloride and
concentrated by rotary evaporation to give 400 g of 1-benzoylpyrrolidine-2-carboxylic acid as
a white solid (mp = 157 — 159.5 °C).

The 1-benzoylpyrrolidine-2-carboxylic acid was dissolved inmethanol (1925mL) and
cooled to ~10 °C (ice water bath) in a 5 L three-neck flask fitted with a nitrogen inlet, addition
funnel, and thermometer probe. Under a nitrogen atmosphere, thionyl chloride (270 g, 2.27
mol) was added drop-wise over a 2 h period to the magnetically stirred solution while
maintaining the temperature of the reaction mixture below 20 °C. The mixture was stirred
overnight at ambient temperature and then concentrated by rotary evaporation. The residue,
which crystallized upon cooling, was dissolved in toluene (350 mL) and again concentrated.

26



10

15

20

25

30

35

9.0 Salt Formng Acid -- Counter 1on Benzoic
4- Bronobenzoic Di -p-toluoyl-Ltartaric 4-Hydroxybenzoic

w@ Roof9iseivandel i ¢ acid opni Al Succi ni ¢  ExanpPEr/182009/000242
Ref erence Standard Formation and Optical Rotation

TheE@uﬁuﬁQ’bBlﬂiWé&Un&%lved in dichloromethane (800 mL) and stirred with 1 M sodium

blca&%@K%%%ég% ve)AJrgrgIaH.Fg 2r7§>ag$oy Oﬁldlﬂle-rk carQoxyllc acid. The

sep4rRed dichBrqmyathahierigyey whs Waslmeiiz\athptvat@'[(@mﬂnhbmn centrated by

rota& e&)ﬁﬁ&?ﬂ%@ g@é%uﬁméégh \%?SE%H g‘neﬁfgﬂb)& brll_zj QP(? ?+Ifé£t§d by
suctiogfijikation. uthe solid was vecunm died (@Qﬂq 955 hpéegive 63&9 agmethyl 1-
benf@fp?ﬁ&ndr%ﬁ@ar%xy\’ﬁéaé@(Nﬁfté'.lsdhﬁ (@EW’E JielRfp 4 §©5 miggt-gy e

was stirred and eate _near re | ux "t enperature for 10
thyl 4 ZOVI-2-C YR ver a pad of

di B.lha aeaﬂtﬁthbn(o? htB&n'gjusopﬂﬁpillaHﬂee {uoA @ tettathy@rof@an (THF)
wasvcaggerggeﬁi &%ﬂ?}gﬁrgg negléjl rou d(bo%)m %gk flgﬁl?lew&%rgg%llr%-%%%‘iﬁng

Ve 7Y ary evapor
addigen funeel, astfolaysmUndet nfregert atmesphere argwhiferehiliad inlan ice bath, n-

butymfhgﬁ%fﬁstz%L f]‘rk 8\Sn ﬁé‘;bﬂeénlt 1 ?rhol REELARA cﬁ‘é&@séﬂ&arﬂ@gﬁmetlcally

gd over he m xture_ was
St'ff?cb?qlq“Q@P ?'@SPFQPY'BmOef(é?“ Ql 32 moflip agpydreys Thify ©00 mL) over a 65

mlnbéﬂndderma lig N\E&WLmtsblfuw Was&tipiea AEO ((Zfdﬁtﬁ\g m.) anld
U & ei ge solid
38 Srisphediound Botion fask St wit SvepedsimeL 76 S Tiepd et

metha néemaymedndmetmcabwwtquao g.The43mok was klumied in erhydiosd THF

(50%5%@‘@3%%%?5@‘0 570/ ‘% {d |c?1—?cé?or{e°oag"‘3mgdé%1ltn%§g ( Ql?fe IZIS/A solution

was agAUlated Bt the FekIVEd ﬁgwhpwml@m%)cwuaw soljitier frapiptained at -
E@&Jbr a8 &Pofslaﬂ tTrd @bﬁmﬁmklbﬁ waBSirtddyfoly h aebi7 <@, during which
tlmeé

chi ral C. 99.72% % fo e
RGP EShangRa o SRIGH toVaria e in o pin gt a7 ") was
addézha solatichaf bGhDAESdBitile me-lgoﬁzz mol) 5 aiddroGs TAE.(AZMnL)Hia

canr@,ﬂ%@é@ % ﬁ'bggﬁei %8@88 ? %ﬁr&%g r?o{‘aﬁorh%a/g stl?"edaa‘t 9'?7 °Cfor1ih

and then @lkpwmta MR ﬁmb@ﬂbtemeﬁﬁaiqw tvamigho dhe redstioneas gyenched
by tHead¥fion bMidrliraRb 80&%&&% ERbdd (6% Fnh t'l‘lc?fa@?ﬁia%%ﬂa@é

'P%’ht of%;q’ZOS 32} the free baser) té %‘F
sepayat tdwa br qmc)ﬁl]lreﬂqf sue;nogﬁlt? 8?’ ﬁng r“feeﬂal was d with t-
butyt rebthii-ettas (EBVB) (FEB0OMYL). THeli b:gamb Y ebwaDsEpasadd, and the aqueous

pha%ef:i oésfgxtr%crfg& \c/r}@m EﬁK/rEI@gé&ﬁj_) s]uc on flge %g é?r% to r'_eq'ﬁ vg ore SO|IgS and

extraptethwithal BME (@100l )ansscond ime, 1339 mlr&d’&]gémamseszmre washed
with 3- l\ﬁﬂtycfr&hl&@ac:d%’l %{hano &atur%teg%q@%lusﬁﬁblun{ﬁﬁ%g 131y Orhe

aqu?qﬁ)s WPS(*%S W? ie&'if%mq with TBME é%m)ra@mh%q%%ﬁ?@fw phases
werd driwroaéueﬂwrfymrrs Sdidiurﬁ sulfiitél (165 b ez cuneemeitdll 5adotary Evapbration to

glve% éacb ﬁ)ﬁﬁ{/ﬂéo gax E% Ief]yi/_:i:sagaa\lﬁto égﬁ%‘ﬁd n&i‘bm% Olg L’)% hexanes (270
mL) piab eddddoand he nxxtm® \m;s)stlrr@u ¢ovedebd ntircerciior dhat ayom temperature
andﬁ?é AW t p@fa‘?\dv‘@ P aﬁcl.;h P@%rﬁi@;hﬂ ]T(-I)le"‘ﬁ‘a)l\/tl1 %h B& SlutdN&has

ium su ation or of or m
dec ané&d %ﬁ@@u‘hﬁ)}"%f%we%@%}daﬁaﬁw thrpgh pelumn; of gilica gel (220
g) (9.3 ghi.dyerd ey dihle corsnnlwdsVihed At 86 88di&shabyolume of TBME-

nexd 1% 4 VA e Rl Ch Pt e e fecPodled o rotary

concentration by rotary evaporation. The resulting
material was dried under vacuumat -70 Cfor 2.5 h to
give 0.44 g (96.9% of (R -727(3-pyridinyl)-1,7-

di azaspi ro[ 4, 4bonane as a light-yellow oil, [a] D20
54. ,e = k10 ng/ nL nethanol). 35 Exanpl e 19

Ref erence Standard Formation and Optical Rotation
Determ nation for
(S)-7-(3-Pyridinyl)-1, 7-di azaspi r o[ 4, 4] nonane

p- Hydr oxybenzoat e A sol ution of

(S) 7 (3 pyrldlnyl) 1 7 dlazasp|r0[4 4]nonane

o . A ~S~SN o o .




10

15

20

25

30

35

35 Exanple 20: DVS Anal ysis of

(R -7-(3-pyridinyl)-1,7-di azaspi r o[ 4. 4] nonane
wOorRmeptsydr oxybenzoate I n a dynam c vapor sorPpeT/o82009/000242

(DVS) apparatus, a sanple of (R -7-(3-pyridinyl)-1,7-
evaﬁdrétm@glbéh% ﬁtﬁ%lﬂ%ﬂ@f r&tHR 1 foehYsii-2 xy Srneaaipy : rrl()tltdlrfb-?j- ]

S Subjecte ng, followed by

carb{g%gﬂeﬁadﬁgwvoa@&n@ggpﬂgy%r{‘h%{ra:gyy }5 a period of
1-Bextzoyil 7Hfiarasbelé. 4twnan-bonkel ow) . The results, shown in

;—?gbﬁeio%tntll:%@bﬁﬁén% I-r%ﬁ{yl i Bér&o ai—é ahsmERAI yerﬁgiﬂg-lzycarboxylate

gal ess
(32.8ar@-htp mplkei @rogs "‘PH’@"QHUW“W’P@&@P? ip iIeeWRtALAS he

con&?.%%eedufdm'aéidwi SmasSo tsb ﬁhoh) Wﬁs%hﬂbu&,\@%dd&ﬁtb AL With SArNRY)
IS r

el ative ||
Thes3alians pers EansiaERa L BIE A RaRn g RPs (M 21 i gengton
bottie® (500rnu_gcaiﬁqu) Cgzeh edntaihingl16 wh °/E[&qdlad iumeomt <Gtreom caadtsh@B 1B g),

usmg%ﬁn@[r r%%/tpancﬂl 81 yZP)n]Ii to]faglllgéea%ach tra sz{er Tﬁgril’grr]rebogles vxfere
ﬂusmthbLﬂttmleony@mzmpI@Waﬁ\Macsam %Pa;rot\y 9t apparatus The
mnxtb@s%?é @Msﬁgkefn" LFH@eF Wpéhﬁgfensﬁbisug Mirééh Mur@for 23h

Heat i ng Rateb Ti me60 mn
(ovegmaith. peb Y HRISAAVRD TR HASEN Sliered fuoiigpen r@dwgla@mﬁcpous earth
(25 J)i awdlBe fi fn@rn:aEéa»vére:aacmL 2&?&@“%%%??%68“@ nTmoﬁmmgpale
a
veldy igles (e iBtepnrads 55 anReted B Feid sarrasth b gl
amber 0il. Vithispiwas capledtin ghicedyatenpagieans Cheefpllydbagifies Siinpatiiateth
aqugou]s s%éﬁum%r&nggowgé mw- f&ro%éd Qy gdd‘rt‘?m%? §9i&o@a’¥iug5ca%onate

(125 g, 0.907 mol) in portions, giving a final pH of 9-10 (pH paper). This mixture was gently

refluxed overnight (solids present) and cooled to ambient temperature. Dichloromethane
(625 mL) and water (600 mL) were added and the mixture was stirred to dissolve all solids.
The aqueous phase was separated and extracted with dichloromethane (2 x 1560 mL, 3 x
100 mL). The combined dichloromethane phases were dried over sodium sulfate, filtered,
and concentrated by rotary evaporation to give a beige solid. This solid was slurried in hot
(near reflux) isopropyl acetate (105 mL), cooled to room temperature, and further cooled to 5
°C overnight The solids were filtered under a nitrogen purge, washed with isopropyl acetate
(2 x 25 mL) and dried under vacuum at 50 °C for 9 h to give 37.8 g (65.3% yield) of 1-
benzoyl-1,7-diazaspiro[4.4]nonan-6-one as an off-white solid (98.8% pure by HPLC).
1-Benzyl-1.7-diazaspiro[4.4lnonane

1-Benzoyl-1,7-diazaspiro[4.4]nonan-6-one (44.0 g, 0.18 mol) and anhydrous
tetrahydrofuran (THF) (700 mL) were placedin a 3 L three neck, round bottom flask fitted
with overhead stirrer, reflux condenser (with nitrogen inlet) and 1 L addition funnel (pressure-
equalizing). This mixture was stirred under a nitrogen atmosphere as it was cooled to <10
°C in an ice-water bath. Lithium aluminum hydride (540 mL of 1 M solution in THF, 0.54
mol) was added dropwise to the continuously cooled mixture over a 51 min period, ultimately
producing a very pale-yellow solution. The ice-water bath was then removed and the
solution was stirred and heated (via heating mantle) under nitrogen at mild reflux for 21 h.
The turbid mixture was diluted with THF (450 mL) and again cooled in an ice-water bath.
The excess lithium aluminum hydride was decomposed by careful drop-wise addition of, in
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sulfaC%é ?5% g). This mixture was sfirred and then filtered through a pad of diatomaceous
earth (82 g), washing the filter cake with THF (3 x 100 mL). The filtrate was dried over
anhydrous sodium sulfate, filtered, and concentrated by rotary evaporation. The solid was
vacuum dried (73 °C for ~0.5 h) to give 37.3 g (95.6%) of 1-benzyl-1,7-
diazaspiro[4.4honane as a yellow oil (97% pure by HPLC).
1-Benzyl-7-(3-pyridiny)-1,7-diazaspiro[4 4]nonane

A 1 L three neck, round bottom flask, fitted with heating mantle, addition funnel,
vacuum take-off, and a condenser fitted with nitrogen inlet, was charged, in order, with the
following reagents: sodium tert-butoxide (44.3 g, 0.461 mol), tris(dibenzylideneacetone)
dipalladium(0) (6.04 g, 6.59 mmol), racemic-2,2"-bis(diphenylphosphino}1,1'-binaphthyl (rac-
BINAP) (8.75 g, 13.2 mmol) and a solution of 1-benzyl-1,7-diazaspiro[4 4]nonane (735 g of
97% purity, 0.330 mol) in toluene (285 mL). While the mixture was rapidly (magnetically)
stirred, the flask was repeatedly evacuated and filled with nitrogen (4 cycles). The vacuum
take-off was then replaced with a thermocouple thermometer and the mixture was stirred
and heated at 65-75 °C while a solution of 3-bromopyridine (52.1 g, 0.330 mol) in toluene
(150 mL) was added ffom the addition funnel over a 1 h period. The addition funnel was
rinsed with toluene (25 mL). Because the increased viscosity of the mixture made magnetic

stirring inefficient, the magnetic stir bar was replaced with an overhead stirrer. The mixture
was stirred and heated at 62-72 °C for 4 h and cooled to ambient temperature overnight.
The reaction mixture was then cooled in an ice-water bath and poured into a mixture of 10%
aqueous sodium chloride (200 mL) and tert-butyl methyl ether (TBME) (300 mL). This
biphasic mixture was filtered through a pad of diatomaceous earth (18 g), washing the filter
cake with TBME (3x 50 mL). The organic phase was separated, cooled in an ice-water bath
and treated with 6 M hydrochloric acid (140 mL), causing precipitation of a tan, gummy solid.
This biphasic mixture was filtered through a pad of diatomaceous earth (18 g), and the filter
cake was washed with 3 M hydrochloric acid (50 mL). The aqueous phase was separated
and cooled in an ice-water bath as TBME (500 mL), and then 50% aqueous sodium
hydroxide (100 mL), were added drop-wise (with stirring) via addition funnel (final pH = 13).
The dark-brown TBME phase was removed and the alkaline aqueous layer was extracted
with TBME (2 x 100 mL). The combined TBME phases were dried over anhydrous sodium
sulfate, filtered, and passed through a column of silica gel (100 g), collecting the orange-
yellow eluent. An additional volume of TBME (500 mL or more, as needed) was added to
completely elute the product. The TBME was removed by rotary evaporation, and the
residue was vacuumdried at 30 °C for 6 h, to give 81.9 'g (84.7%) of 1-benzyl-7-(3-pyridinyl)-
1,7-diazaspiro[4 .4]nonane as a light-beige powder (mp 100-101 °C, 97.8% pure by HPLC).
7-(3-pyridiny)-1,7-diazaspiro[4.4lnonane
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reflux condenser with nitrogen inlet, and two addition funnels (500 mL capacity), was
charged with 10 wt % palladium on carbon catalyst (Degussa type, water content ~50 wt%)
(44.5 @) and absolute ethanol (365 mL) under a nitrogen atmosphere. This mixture was
gently heated (near reflux) while a solution of 98% formic acid (128 g, 2.79 mol) in absolute
ethanol (370 mL) was added dropwise viaone addition funnel and a solution of 1-benzyi-7-
(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane (81.8 g) in absolute ethanol (420 mL) was
simultaneously added dropwise via the other addtion funnel. Heating was interrupted

~ whenever gas evolution became vigorous. The addition was complete in a period of 110

min. Under a cone of nitrogen, the hot mixture (near reflux) was filtered through a pad of
diatomaceous earth (50 g), washing the filter cake with hot methanol (6 x 100 mL). The
filtrate was cooled and concentrated by rotary evaporation. The residue was vacuum dried
at 60 °C (water bath) to give a viscous, amber oil, to which was added chloroform (220 mL)
and 10% aqueous sodium chloride (220 mL). This mixture was cooled in an ice-water bath
and made basic (pH ~12) by the addition of 5 M aqueous sodium hydroxide (50 mL). After
thorough mixing, the chloroform phase was separated and the agueous phase was extracted
with chloroform (50 mL). The combined light-yellow chloroform extracts were washed with
10% aqueous sodium chloride (2 x 100 mL). The aqueous washes were extracted with
chloroform (50 mL), and the combined chloroform phases were dried over anhydrous
sodium sulfate. Concentration by rotary evaporation and vacuum drying of the resulting
residue (71 °C for ~30 min) gave 53.9 g (95.2% yield) of 7-(3-pyridinyl)-1,7-
diazaspiro[4.4honane as a viscous, amber oil (99.3% pure by HPLC). 'H NMR (DMSO-d):
57.86(d, 1H,J=28Hz),7.79(d, 1H,J=4.6 Hz), 7.12 (dd, 1H, J = 8.2 Hz), 6.81 (m, 1H),
3.31 (m, 2H), 3.18 and 3.12 (AB q, 2H, J = 9.4 Hz), 2.85 (m, 2H), 2.29 (broad s, N-H), 1.90
(m, 2H), 1.73 (m, 2H), 1.69 (m, 2H); *C NMR (DMSO-dg): & 143.52, 136.03, 133.56,
123.46, 117.08, 67.70, 58.26, 46.45, 45.48, 36.76, 35.55, 25.19.

Example 3: Preparation of 7-(3-Pyridinyl)-1,7-diazaspiro[4.4]nonane mono-succinate
salt

In a 1 L round bottom flask, 7-(3-pyridinyl)-1,7-diazaspiro{4.4]nonane (53.8 g, 0.265
mol) was dissolved in methanol (150 mL). To this solution was added a hot solution of
succinic acid (31.3 g, 0.265 mol) in methanol (250 mL), rinsing with methanol (50 mL) in the
transfer. The resulting red-brown solution was concentrated on a rotary evaporator to give a
viscous, amber syrup. This was dissolved in hot (near reflux) ethanol (124 mL), and the
solution was treated drop-wise with acetone (750 mL) over a 70 min period to precipitate the
salt. The mixture was then cooled in a refrigerator (5 °C) overnight. The solid was collected
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by stididA%RAtich Ghdfer 2RitRFed purde Aashed ditPScktorie @ ¥304mL.)6andldred in a
vacmjlu%ﬁ Zven (40 °C for 8 h, followed by 50 °C for 4 h) to give 7-(3-pyridinyl)-1,7-
diazaspiro[4.4nonane mono-succinate (73.7 g, 86.6%) as an off-white powder, mp 131.5-
133 °C (99.2% (a/a) by HPLC). 'H NMR (D,0): §7.83(d, 1H,J=5.3Hz),7.81(d, 1H,J =
2.3 Hz), 7.51 (dd, 1H, J = 8.7 Hz), 7.37 (m, 1H), 3.47 (m, 2H), 3.65 and 3.41 (AB q, 2H, J =
11.3 Hz), 3.32 (m, 2H), 2.25 (s, 2H, -CH,- of succinic acid, indicating a mono-salt
stoichiometry), 2.33 (m, 2H), 2.07 (m, 2H), 2.04 (m, 2H); *C NMR (D,0): & 181.67 (C=0 of
succinic acid), 144.91, 130.04, 126.56, 125.94, 125.86, 72.16, 54.78, 46.08, 45.01, 33.58 (-
CH,- of succinic acid), 33.47, 32.66, 22.82; ES-MS: [M+H]" at m/e 204, consistent with the
molecular weight (203.3) of the free base.

Example 4: Preparation of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane di-oxalate mono-
hydrate salt

Oxalic acid (0.256 g, 2.84 mmol) was dissolved in a mixture of tetrahydrofurn (THF)
(3 mL) and ethanol (1.4 mL), assisted by stirring and heating. To this hot, stirring solution,
near reflux, a hot solution of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane (0289 g, 1.42 mmol)
in ethanol (2 mL) was added dropwise, with additional ethanol (2 x 2 mL, 0.5 mL) used in the
transfer. To facilitate stirring of the resulting gummy mass, additional ethanol (4 mL) was
added and the mixture was heated to reflux. Methanol (4 mL) was added and the mixture
was heated to reflux and stirred to produce a granular solid. The mixture was stirred at room
temperature and then concentrated on a rotary evaporator, affording an off-white solid with
some yellow clumps. The solid was slurried in hot methanol (6 mL), stirred, and heated to
reflux to give fine, off-white crystals in a light-yellow liquor. The mixture was cooled to room
temperature and acetone (18 mL) was added dropwise over 25 min. The resulting mixture
was cooled at5 °C for 16 h. The solids were filtered under a cone of nitrogen on a small
funnel and washed with cold acetone (6.5 mL). The material was dried in a vacuum oven at
50 °C for 5 h to give 0.421 g (73.7%) of a light-beige powder. A portion (0.362 g) of the
batch was slurried in methanol (5 mL), stirred and heated to reflux, cooled to room
temperature and chilled (refrigerated) at 5 °C for 16 h. The solids were filered under a cone
of nitrogen and washed with cold methanol (2 x 2 mL). The solids were dried in a vacuum
oven at 50 °C for 4 h to give 0.338 g (93.4% recovery) of 7-(3-pyridinyl)-1,7-
diazaspiro[4.4honane di-oxalate mono-hydrate as a light-beige powder (98.48% (a/a) by
GC-FID; 99.66% (a/a) by LC-DAD) mp 200-201.5 °C. Elemental analysis results were
consistent with a di-oxalate mono-hydrate stoichiometry. 'H NMR (D,0): & 7.87 (d, 1H),
7.81 (m, 1H), 7.65 (dd, 1H), 7.52 (m, 1H), 3.69 and 3.46 (AB q, 2H), 3.50 and 3.33 (m, 4H),
2.35 (m, 2H), 2.06 (m, 4H).
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Exarln%leog 9Ig’reparation of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane di-hydrochloride
salt

7-(3-Pyridinyl)-1,7-diazaspiro[4.4]Inonane (800 mg, 3.94 mmol) was dissolved in
isopropanol (~5mL) and 2 mL of HCl in dioxane (4 M, ~8 mmol) was added, followed by
ethanol (0.5 mL). The mixture was cooledin a dry ice bath to give a sticky yellowish-white
solid. Additional isopropanol (~20 mL) was added and the mixture was heated at reflux.
The white solid residue remained, and was filtered to give 468 g (43.2 % yield) of 7-(3-
pyridinyl)-1,7-diazaspiro[4.4]nonane di-hydrochloride as a white solid (mp 242-244°C). 'H
NMR (CD;0D): & 8.20 (s, 1H), 8.10 (d, 1H), 7.85 (m, 1H), 7.75 (dd, 1H), 3.95 and 3.60 (AB
q, 2H), 3.65 (m. 2H), 3.45 (m, 2H), 2.50 (m, 2H), 2.22 (m, 4H).

Example 6: Resolu_tion of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane into its isomers
Preparation of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane mono-(+)-di-O,O’-p-toluoyl-D-

tartrate in 2-propanol

(+)-Di-O,0'-p-toluoyi-D-tartaric acid (D-DTTA) (0.97 g, 2.5 mmol) was added to a hot
(near reflux) solution of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane (0.51 g, 2.5 mmol) in 2-
propanol (15 mL). The mixture was heated to reflux as water (1.8 mL) was added drop-wise

to give a light amber solution. The solution was cooled to ambient temperature, at which
temperature it remained overnight. The solution was seeded, solids began to form, and the
mixture was stirred at ambient temperature for 2.5 h. The white solids were filtered, washed
with 2-propanol (10 mL) and dried under vacuum with air purge to give 1.27 g (86.0%) of a
white powder (from which the free base was shown to have 53.1% ee by chiral HPLC on a
Chiralpak AD® column, using 75:25 hexane/etharol). The solid was sluried in refluxing
ethanol (28 mL) and water (1 mL) was added dropwise. The solution was cooled to ambient
temperature, seeded and allowed to sit overnight. The mixture was stirred at ambient
temperature for 3.5 h, filtered, washed with ethanol (5 mL) and vacuum dried at 50 °C for 3 h
to give 0.54 g (42.3% recovery) of a white powder (92.9% ee by chiral HPLC). The solid
was slurried in refluxing ethanol (12 mL) and water (1.3 mL) was added dropwise. The
solution was cooled, seeded and allowed to sit overnight at ambient temperature. The
resulting solids were filtered, washed with ethanol (3 mL), and dried at 50°C overnight to
give 0.39 g (73.1% recovery) of a solid(99.0% ee by chiral HPLC). The solid was
recrystallized from ethanol/water (8.6 mL: 1.0 mL), seeded, allowed to stand overnight,
stirred for 3 h, filtered, washed with ethanol (2 mL) and dried at 50°C for 3 h to give 0.30 g
(75.3% recovery) of a white powder (99.9% ee by chiral HPLC, mp 182-183°C). 'H NMR
(DMSO-dg): & 7.87 (m, 2H), 7.84 (d, 4H, -CsH,-, indicating a mono-salt stoichiometry), 7.32

32



10

15

20

25

30

35

0.077 25.55 9.78 63.7 14.0992 0.077 25.54 9.79 65.2
14. 1006 0.087 25.02 10.10 67.2 14.1003 0.085 25.05
wWa00909661 2 14. 1000 0.083 25.09 12.12 71.2 14.PODBS2009/000242
0.082 25.18 14.66 73.2 14.1000 0.083 25.18 14.72 75.2
(d, 4H4 -0 B0 2f Acid Bioictp . iddicalidg Z4nohé-salt 3tbichidndtrd), 086 (& 1144 6.82 (m,

1H),]54637é, Z»?'-Eﬂﬂé‘o}f?%@ o?acgc‘ci; Z\oiety, indicating a mono-salt stoichiometry), 3.60
(d, 1H), 3.38 and 3.25 (m, 5H), 2.38 (s, 6H, -CH; of acid moiety, indicating a mono-salt

stoichiometry), 2.35 and 2.10 (m, 2H), 1.92 (m, 4H).

Preparation of 7-(3-pyridinyl}-1,7-diazaspiro[4.4]Jnonane mono-(+)-di-O,0’-p-toluoyl-D-

tartrate in ethanol
(+)-Di-O,0'-p-toluoyl-D-tartaric acid (1.94 g, 5.01 mmol) in hot ethanol (3 mL +
additional 4 mL to wash) was added to a hot solution of 7-(3-pyridinyl)-1,7-

diazaspiro[4.4honane (1.02 g, 5.01 mmol) in ethanol (1 mL). The solution was cooled to
ambient temperature, seeded and allowed to stand overnight to give a syrup, that was
concentrated in vacuo to a light yellow foam. 2-Propanol (29 mL) was added andthe
mixture was heated, seeded, and stirred for 3 h. The resulting solids were filtered, washed
with 2-propanol (6 mL), and dried at 50°C under vacuum with air bleed to give 2.63 g
(89.0%) of an off-white-light yellow powder (53.2% ee by chiral HPLC). The salt was slurried
in refluxing ethanol (65 mL) and water (1.7 mL) was added drop-wise. The solution was
seeded and allowed to stand at ambient temperature. The resulting white solids were stirred
at ambient temperature for 8 h, filtered, washed with ethanol (10 mL) and dried at 50°C
under vacuum with air bleed overnight to give 1.10 g (41.8% recovery) of a white powder
(91.7% ee by chiral HPLC). The solid was dissolved in refluxing ethanol and water (1.8 mL)
was added dropwise. The solution was cooled, seeded, and stirred for 3.5 h. The solids
were filtered, washed with ethanol (6 mL) and dried to give 0.85 g (77.0% recovery) of solid
(98.7% ee by chiral HPLC). The solid was slumried in refluxing ethanol (12.5 mL) and water
(1.4 mL) was added drop-wise. The solution was cooled, seeded, and allowed to stand
overnight. The resulting solids were filtered, washed with ethanol (3 mL) and dried at 50°C
with air bleed to give 0.67 g (78.5% recovery) of a white powder (99.9% ee by chiral HPLC;
mp = 183 — 184 °C).
Preparation of 7-(3-pyridinyl)}-1,7-diazaspiro[4.4]Jnonane mono-(+)-di-O,O’-p-toluoyl-D-
tartrate in ethanol with 0.75 equivalents D-DTTA

(+)-Di-O,0’-p-toluoyl-D-tartaric acid (3.69 g, 9.55 mmol) was added to a hot (50 °C)
solution of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane (2.59 g, 12.7 mmol) in ethanol (25 mL).

The solution was heated to near boiling and held at that temperature for 5 min. Small
particles began to come out of solution and the mixture was cooled to ambient temperature
and stirred for 2 h. The resulting solids were collectedby filtration, washed with ethanol (10
mL), and dried for 10 min under nitrogen to give 2.87 (76.4%) of white crystals (94% ee by
chiral HPLC).
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Libetdlion 8 PedPbddB4roab7- i3t lirgh- 1¥0diszabdiroldd foRardIord+1 4i-0,0'-p-

to:gz yl-D-tartrate ' ' '
To a sample (0.50 g, 0.84 mmol) of the 7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane

mono-(+)-di-O,0’-p-toluoyl-D-tartrate was added 5M sodium hydroxide (3 mL) and water (5

mL). The mixture was stirred at ambient temperature overnight, and chloroform was added
to form a suspension. The alkaline layer was separated and extracted wih chloroform (3 x
10 mL). The combined chloroform extracts were washed with water (15 mL), dried over
anhydrous sodium sulfate, filtered and concentrated to give 0.17 g of an amber oil
(quantitative yield). The retention time of this sample on chiral HPLC corresponded to the
Iongér (9.1 min) of the two peaks characteristic of the racemate (Chiralpak AD® column,
using 75:25 hexane/ethanol). Free base 7-(3-pyridinyl)-1,7-diazaspiro[4 4Jnonane liberated
from a sample of the mono-(+)-di-O,0’-p-toluoyl-D-tartrate salt was analyzed by chiral
HPLC, which showed 0.13% of the 1% eluting compound (RT 8.3 min) and 99.87% of the 2™
eluting compound (RT 9.2 min).

Preparation of 7-(3-pyridinyl)-1,7-diazaspiro[4.4Inonane mono-(-)-di-O,0’'-p-toluoyl-L-tartrate
(-)-Di-O,0’-p-toluoyl-L-tartaric acid (L-DTTA) (1.90 g, 4.92 mmol) in hot ethanol (3 mL

+ additional 4 mL to wash) was added to a hot solution of 7-(3-pyridinyl)-1,7-

diazaspiro[4.4honane (1.00 g, 4.92 mmol) in ethanol (3 mL). The solution was cooledto

ambient temperature, allowed to stand overnight and concentrated to give a light yellow/off-
white foam. The foam was heated to reflux in 2-propanol (29 mL) to give an oily deposit,
which became a solid upon cooling and stirring at ambient temperature for 2 h. The solids
were filtered, washed with 2-propanol (6 mL) and dried under vacuum at 50 °C with an air
bleed to give 2.60 g (89.5%) of a white/off-white solid (from which the free base was shown
to have 49.5% ee by chiral HPLC on a Chiralpak AD® column, using 75:25 hexane/ethanol).
The solid was slumied in refluxing ethanol (65 mL), and water (1.5 mL) was added dropwise.
The solution was cooled to ambient temperature and allowed to stand for 2 days. The
resuiting white solids were filtered, washed with ethanol (10 mL) and dried at 50 °C overnight
with an air purge to give 1.03 g (39.8% recovery) of a white powder (90.7% ee by chiral
HPLC). The solid was dissolved in refluxing ethanol (23 mL), and water (1.9 mL) was added
drop-wise. The solution was cooled to ambient temperature, allowed to sit overnight, and
stirred at ambient temperature for 3.5 h. The solids were filered, washed with ethanol (5
mL) and dried at 50 °C for 3 h to give 0.77 g (74.6% recovery) of a white powder (99.3% ee
by chiral HPLC, mp 182-183°C). 'H NMR (DMSO-dg): & 7.88 (m, 2H), 7.84 (d, 4H, -CeH,- of
acid moiety, indicating a mono-sait stoichiometry), 7.32 (d, 4H, -C¢H,- of acid moiety,
indicating a mono-salt stoichiometry), 7.16 (dd, 1H), 6.84 (m, 1H), 5.64 (s, 2H, -CH(CO,H)-
O- of acid moiety, indicating a mono-salt stoichiometry), 3.62 (d, 1H), 3.38 and 3.28 (m, 5H),

34



10

16

20

25

30

35

24.88 99.3 14.1019 0.097 25.14 24.85 101.3 14.1018

0.096 25.15 28.39 103.3 14.1024 0.100 25.14 29.61
waewmB9ikdl 1027 0. 102 25.14 29.82 107.3 14. 1027POr/1809/000242

25.14 29.81 109.3 14.1028 0.103 25.14 29.81 111.3

2.38%4,-.6H) 26H of HRiA idiet} Andicatid§ a blcho3alt 4toldhinelhy)l 8352id 2410 (m,

2H),31L.1905(%1, %ﬁ? 3 14.1024 0.100 25.31 34.63

Liberation of free base from 7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane mono-(-)-di-O,0’-p-
toluoyl-L-tartrate ‘

To a sample (0.43 g, 0.74 mmol) of 7-(3-pyridinyl)-1,7-diazaspiro[4.4Jnonane mono-
(-)-di-O,0’-p-toluoyl-L-tartrate was added 5M sodium hydroxide (3 mL) and water (5 mL).
The mixture was stirred at ambient temperature overnight, and chloroform was added to
form a suspension. The alkaline layer was separated and extracted with chloroform (3 x 10
mL). The combined chloroform extracts were washed with water (15 mL), dried over
anhydrous sodium sulfate, filtered and concentrated to give 0.15 g of an amber oil
(quantitative yield). The retention time of this sample on chiral HPLC corresponded to the
shorter (7.96 min) of the two peaks characteristic of the racemate (Chiralpak AD® column,
using 75:25 hexane/ethanol). Free base 7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane liberated
from a sample of the mono-(-)-di-O,0’-p-toluoyl-L-tartrate salt was analyzed by chiral HPLC,
which showed 100% of the 1% eluting compound (RT 8.1 min) and none (below detection
limit) of the 2™ eluting compound (which eluted at ~9.1 min in samples of lesser purity).

Second generation procedure for preparation of the diastereomeric 7-(3-pyridinyl)-1,7-
diazaspiro[4.4honane mono-di-O,0’-p-toluoyltartrate salts

(+)-Di-0,0’-p-toluoyl-D-tartaric acid D-DTTA (9.9 g, 26 mmol) was added to ahot
(near reflux) solution of racemic 7-(3-pyridinyl)-1,7-diazaspiro{4 4Jnonane (7.5 g of 89%, 33
mmol) in ethanol (75 mL) and the solution was stirred for 30 min. The resulting suspension
was cooled to 20-25 °C and stirred for 2 h. The solids were filtered, washed with ethanol (2
x 5 mL), and dried at 60 °C under vacuum to give 8.1 g of white powder (93% ee by chiral
HPLC). The powder was recrystallized from ethanol (110 mL) and water (12 mL) by
refluxing the mixture for 15 minutes to give a nearly clear solution, cooling over 2 h to
ambient temperature, and stirring for 2 h. The solids were filtered, washed with ethano! (2 x
5mL), and dried in a vacuum oven for 2-3 h to give 6.7 g (69% of theoretical) of a powder
(99.3% ee by chiral HPLC).

The combined filtrates from the above resolution were concentrated and the resuliing
residue was made basic with 6 N sodium hydroxide. Extraction with chloroform gave, after
concentration, 3.5 g of the free base (89% ee by chiral HPLC). This was dissolved in
ethanol, (-)-Di-O,0O’-p-toluoyl-D-tartaric acid (L-DTTA) (4.9 g, 0.013 mmol) was added, and
the mixture was heated at gentle reflux for 30 min. The resulting thick suspension was
cooled and stirred at ambient temperature for 3 h. The solids were filiered, washed with
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Example 7: Determination of Absolute Configuration for the R-lsomer by Single
Crystal X-ray
Preparation of R-7-(3-pyridinyl)-1,7-diazospiro[4 4]Jnonane mono p-hydroxybenzoate

A solution of the earlier eluting enantiomer of 7-(3-pyridinyl)-1,7-
diazaspiro[4.4lnonane (liberated, as in example 6, from the mono-(-)-di-O,0’-p-toluoyl-L-
tartaric acid salt) (0.20 g, 0.98 mmol) in acetone (3 mL) was treated with p-hydroxybenzoic
acid (0.15 g, 1.1 mmol). A thick precipitate formed, and the mixture was heated at 60°C for 5
min and cooled to ambient temperature. Methanol (1 mL) was added and the mixture stood
for 6 h at ambient temperature. The solid wasfiltered and dried to give 0.26 g (76% vyield) of
white powder (mp 136-138°C).
Preparation of R-7-(3-pyridinyl)-1,7-diazospiro[4.4lnonane mono p-chlorobenzoate

To a room-temperature, stirred solution of 7-(3-pyridinyl}-1,7-diazospiro[4.4]nonane
(1.222 g, 6.01 mmol; earlier eluting enantiomer, isolated from the (-)-di-O,0O’-p-toluoyi-L-
tartrate salt) in acetone (25 mL) was added p-chlorobenzoic acid 0.941 g (6.01 mmol) in
small portions. When about half of the acid had been added, crystalline solids started to
precipitate. On completion of addition of the acid, additional acetone was added (20 mL),
and the mixture was heated to near boiling until almost complete solution was obtained.
Heating was discontinued and the solution was allowed to cool to ambient temperature (21.5
°C) without stirring. Crystallization was allowed to proceed for 16 h. Collected crystals were
dried in vacuum oven at 80 °C for 2 h, affording 1.695 g of salt (76.7%) with a melting point
of 144-146 °C (Fisher-Johns Apparafus). '"H-NMR (D,0): § 7.72 (s & d, 2H), 7.62 (d, 2H),
7.26 (d, 2H), 7.15 (dd, 1H), 6.88 (d, 1H), 3.52 (d, 1H), 3.30 (m, 5H), 2.23 (m, 2H), 2.03 (m,
4H).
Determination of absolute configuration by x-ray diffraction

Two attempts were made to establish the absolute configuration or the enantiomers
of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane. Both attempts used the earlier eluting
enantiomer (chiral HPLC analysis), which corresponds to the material derived from the
mono-(-)-di-O,0’'-p-toluoyl-L-tartaric acid salt. In the first attempt, 7-(3-pyridinyl)-1,7-
diazaspiro[4.4nonane mono-p-hydroxybenzoate, of which a crystal of suitable size had been
obtained by recrystallization from acetone, was subjected to x-ray crystallographic analysis.
Single crystal data X-ray data was collected using a Bruker SMART CCD diffractometer
equipped with an Oxford "Cryostream” LT temperature apparatus operatingat T = 170K. A
suitable crystal (0.3 x 0.3 x 0.2mm) was chosen and mounted on a glass fiber using grease.
Data were measured using omega scans of 0.3 ° per frame for 30 seconds, such that a full-
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sphéle Whé céfrecfl. TiKb 6t smantesvbrd RBIIdteliZs théSendbf 44ta EBllection to
mon:lligr7fbr9 de%:éaly.182I?pa9én1|623t5erszm§érg?e#eSVe%i%s%g%N&RT [1] software and refined
using SAINT [2] on all observed reflections. Data reduction was performed using the SAINT
software, which corrects for LP and decay.

The resulting data fitted the S absolute configuration (using the Cahn-Ingold-Prelog
convention) of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane somewhat better than the R
absolute configuration, although te crystallographer noted that the standard deviafon in the
data made the determination of absolute structure unreliable. One potential reason for this
is the lack of a heavy atom internal reference in the p-hydroxybenzoate salt.

_ in the second attempt, 7-(3-pyridinyl)-1,7-diazaspiro[4.4Jnonane mono-p-
chlorobenzoate was used. The p-chlorobenzoate counterion has the advantage of
containing a heavy atom (chlorine) which serves as an internal reference in the crystal
lattice. Single crystal data X-ray data was collected using a Nonius Kappa CCD
diffractometer equipped with a fine-focus sealed tube, Mo Ka, radiation source. Apparatus,

parameters and results are summarized in Tables 4 and 5 below.

Table 4. Sample and crystal data for Compound A, 4-Chlorobenzoate

Project/Programme/F.S. -
Chemist’'s labbook
X-ray labbook
Crystallization labbook
Crystallization solvents
Crystallization method
Empirical formula
Formula weight
Temperature
Wavelength

Crystal size

Crystal habit

Crystal system

Space group

Unit cell dimensions

Volume

Z

Denisty (calculated)
Absorption coefficient
F(000)

Table 5. Data collection and structure refinement for Compound A, 4-Chlorobenzoate

Diffractometer

Radiation source

Data collection method

Theta range for data collection

P858

08-352-6-13

PHX-08-003

0S-352-6-13A

Acetonitrile

Slow evaporation

C1gH22N30,Cl

359.85

180(1) K

0.71069 A

0.46 x 0.10 x 0.01 mm
Colourless Lath

Orthorhombic

P2,2,2,

a=8.3995(3) A a=90°
b =20.2295(6) A B =90°
c=20.9884(8) A y =90°
3566.3(2) A®

8

1.340 Mg/m?®

0.232 mm"

1520

Nonius Kappa CCD
Fine-focus sealed tube, Mo Ka
Narrow frame w and ¢ scans
3.54t0 22.42°
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14.1059 0.125 25.09 45.00 151.9 14.1054 0.122 25.18
45.98 153.9 14.1057 0.123 25.15 48.86 155.9 14.1056
W@2009891361 20 49. 41 157.9 14.1052 0.120 25.34 4BCHTS2009/000242
159.9 14.1051 0.119 25.41 49.57 161.9 14.1067 0. 131
IndeX%ark@s50. 43 163.9 14.1070 (8 433 85205 k502612716P< 92
Reflédiond68lleBted 31 25. 09 50. 15 163469 14. 1066

Independent reflections 4520 [R(int) = 0.0755]
Coverage of independent reflections 98.8%
Variation in check reflections N/A
Max. and min. transmission 0.9977 and 0.9008
Structure solution technique direct
Structure solution program SHELXS-97 (Sheldrick, 1990)
Refinement technique Full-matrix least-squares on F?
Refinement program SHELXL-97 (Sheldrick, 1997)
Function minimized T W(Fo2-F2)?
Data / restraints / parameters 4520/0/ 464
Goodness-of-fit on F2 1.098
Ao max 0.000
Final R indices
3659 data; [>20(1) R1=0.0494, wR2=0.1176
All data R1=0.0700,wR2=0.1287
Weighting scheme calc w=1/[c?(F,2)+(0.0644P)?+0.6410P]
‘ Where P=(F,>+2F.2)/3
Absolute structure parameter 0.00(9)
Largest diff. peak and hole 0.211 and-0.204 e A-3
Refinement summary:
Ordered Non-H atoms, XYZ Freely refining
Ordered Non-H atoms, U Anisotropic
H atoms (on carbon), XYZ Idealized positions riding on attached atoms
H atoms (on carbon), U Appropriate multiple of U(eq) for bonded
atom
H atoms (on heteroatoms), XYZ Idealized positions riding on attached atoms
H atoms (on heteroatoms), U Appropriate multiple of U(eq) for bonded
atom
Disordered atoms, OCC N/A
Disordered atoms, XYZ N/A
Disordered atoms, U N/A

The single crystal X-ray structure of the sample was determined using crystalline
material obtained by the recrystallization of sample E00301 (as supplied) from acetonitrile
via slow evaporation. The structure determined was orthorhombic, space group P212121,
with two independent molecules in the asymmetric unit. The structure previously determined
(with sample E00301) was found to be monoclinic, space group P21, meaning that at least
two polymorphs of 7-(3-pyridinyl)-1,7-diazaspiro[4.4Jnonane mono-p-chlorobenzoate exist.

A comparison of the calculated XRPDs for the two crystalline forms is shown in Figure 4.

The absolute stereochemistry was determined as R from consideration of the Flack

parameter, which was determined to be 0.00(8). Furthemore, the determination of the
absolute stereochemistry using Bayesian statistics on the Bijvoet pair differences resulted in
a probability of the stereochemistry at the chiral center being R as 1.00 and that of the chiral
center being S as 0.00, which is in agreement with the assignment from the Flack
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Thus, the 7-(3-pyridinyl)-1,7-diazaspiro[4.4honane enantiomer derived from the
mono-(-)-di-O,O’-p-toluoyl-L-tartaric acid salt, also characterized by the shorter retention
time on chiral HPLC, has the R absolute configuration. It follows, therefore, that the other
enantiomer (i.e., that derived from the mono-(+)-di-O,O’-p-toluoyl-D-tartaric acid salt, also
characterized by the longer retention time on chiral HPLC, has the S absolute configuration.

Example 8: Dioxalate salt of (S)-7-(3-pyridinyl)-1,7-diazospiro[4.4]nonane

A solution of (S)-7-(3-pyridinyl)-1,7-diazaspiro[4 4]nonane (0.15 g, 0.71 mmol) in
methanol (0.5 mL) was treated with a solution of oxalic acid (0.13 g, 1.4 mmol) in hot
methanol (1 mL + additional 2 mL to wash). The resulting solution was concentrated in
vacuo to an oil, and acetone was added to give a gummy semi-solid that became a solid
upon scratching. The mixture was stirred at ambient tempefature overnight. The solids
were filtered, washed with acetone (2 x 5 mL), and dried at 45°C for 4 hin a vacuum oven to
give 0.23 g (83% vield based on dioxalate) of (S)-7-(3-pyridinyl)-1,7-diazospiro[4.4]Jnonane
dioxalate as a white solid (mp 135-138.5°C).'"H NMR (D,0): & 7.84 (d, 1H), 7.81 (d, 1H),
77.60 (dd, 1H), 7.67 (m, 1H), 3.68 and 3.44 (AB q, 2H), 3.49 and 3.33 (m, 4H), 2.35 (m, 2H),
2.06 (m, 4H).

Example 9: p-Hydroxybenzoate salt of (S)-7-(3-pyridinyl)-1,7-diazospiro[4.4]nonane

A solution of (S)-7-(3-pyridinyl)-1,7-diazaspiro[4 4]nonane (0.15 g, 0.76 mmol}) in
acetone (1 mL) was treated with a warm solution of 4-hydroxybenzoic acid (0.10 g, 0.76
mmol) in acetone (1 mL + additional 3 mL to wash). The resulting gummy white residue was
dissolved in methanol with heating. The mixture was concentrated in vacuo to give a white
semisolid which was freated with 2-propanol (2-3 mL). The mixture was stirred at ambient
temperature overnight The white solids were filtered under nitrogen, washed with 2-
propanol (5 mL), and dried at 45 °C for 4 h in a vacuum oven to give 0.18 g (70% yield) of
(S)-7-(3-pyridinyl)-1,7-diazospiro[4.4]Jnonane p-hydroxybenzoate as an off-white solid (mp
136-138°C). 'H NMR (D,0): & 7.89 (m, 2H), 7.77 (distorted d, 2H, -CsH,- of acid moiety,
indicating a mono-salt stoichiometry), 7.31 (dd, 1H), 7.09 (m, 1H), 6.88 (distorted d, 2H, -
CeH,- of acid moiety, indicating a mono-salt stoichiometry), 3.70 and 3.40 (AB q, 2H), 3.55
and 3.45 (m, 4H), 2.40 (m, 2H), 2.18 (m, 4H).
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14.1065 0.129 25.43 57.30 191.4 14.1083 0.142 25.22
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Exa 0: 1(R)-MiPdeldtel a1t 80 S1-9-(2Byridin gil,-ﬁuiéi’osb%ﬂt.ﬁn&ﬁ&e

2 Agséélu(tsigh gf%S?—9—%3—%yr}d£|}hy1)91§;—dg'za:lls%%og.‘t]n%%ane (0.13 g, 0.63 mmol) in 2-
propanol (0.5 mL) was treated with a warm solution of (R)-(-)-mandelic acid (0.10 g, 0.63
mmol) in 2-propanol (1 mL + additional 1 mL to wash). Isopropyl acetate (7 mL) was added
dropwise fo the colorless solution, producing no cloudiness. The mixture was concentrated
in vacuo to give a light yellow gum that was dried overnight at 60 °C in a vacuum oven.
Acetone (5 mL) was added to dissolve most of the resulting yellow gum and upon standing
at ambient temperature, crystals began to form. The mixture was refrigerated for 3-4 h and
the resulting crystalline solid was filtered under nitrogen and washed with acetone (4 mL).
The solids were dried under vacuum at 60 °C for 2 h to give 0.18 g (79% yield) of (S)-7-(3-
pyridinyl)-1,7-diazospiro[4.4]nonane (R)-mandelate as a white granular powder (mp 138-149
°C). 'HNMR (D;0): §7.93 (m, 2H), 7.10 (m, 5H, -C¢Hs of acid moiety, indicating a mono-
salt stoichiometry), 7.39 (m, 1H), 7.22 (m, 1H), 4.98 (s, 1H, -CH(OH)- of acid moiety,
indicating a mono-salt stoichiometry), 3.75 (d, 1H), 3.57 and 3.47 (m, 5H), 2.42 (m, 2H), 2.20
(m, 4H).

Example 11: Hydrochloride salt of (S)-7-(3-pyridinyl)-1,7-diazospiro[4.4]nonane

A solution of (S)-7-(3-pyridinyl)-1,7-diazaspiro[4 4]nonane (0.14 g, 0.68 mmol) in
absolute ethanol (1 mL) was treated with concentrated (12 M) HCI (118 pL, 1.37 mmol). The
solution was concentrated in vacuo and dried under vacuum at 60 °C ovemnight. The
resulting white solid was treated with acetone (3 mL), and the mixture was stirred at ambient
temperature for 4 h and refrigerated ovérnight. The solid was filtered under nitrogen and
washed with acetone (3 mL). The light yellow solids were dried under vacuum at 50 °C for
20 h to give 0.17 g (90% yield) of (S)-7-(3-pyridinyl)-1,7-diazospiro[4.4]Jnonane hydrochloride
as a hygroscopic yellow powder. 'H NMR (D,O): & 8.00 (s, 1H), 7.97 (m, 1H), 7.69 (dd, 1H),
7.55 (m, 1H), 3.82 and 3.57 (AB q, 2H), 3.65 (m. 2H), 3.47 (m, 2H), 2.50 (m, 2H), 2.22 (m,
4H).

Example 12: Benzoate salt of (S)-7-(3-pyridinyl)-1,7-diazospiro[4.4]Jnonane

A solution of (S)-7-(3-pyridinyl)-1,7-diazaspiro[4 4]Jnonane (148 g, 7.29 mmol) in
isopropyl acetate (10 mL) was treated with benzoic acid (0.89 g, 7.3 mmol) to give a
solution. Solids began to separate,additional isopropyl acetate (5 mL) was added, and the
mixture was stirred at ambient temperature ovemight. The salt was collected by filtration
under nitrogen and dried for 5 h in a vacuum oven at 75 °C to give 2.23 g (93.9% yield) of
(S)-7-(3-pyridinyl)-1,7-diazospiro[4.4Jnonane benzoate as a white solid (mp 115-115.5°C).
'HNMR (D;0): & 7.75 and 7.67 (m, 4H), 7.30 (m, 3H, -C¢Hs of acid moiety, indicating a
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Example 13: Benzoate salt of (R)-7-(3-pyridinyl)-1,7-diazospiro[4.4]nonane

A solution of (R)-7-(3-pyridinyl)-1,7-diazaspiro[4 4]Jnonane (1.67 g, 8.20 mmol) in
isopropyl acetate (10 mL) was treated with benzoic acid (1.00 g, 8.20 mmol) to give a '
solution. Solids began to séparate,additional isopropyl acetate (5 mL) was added and the
mixture was stirred at ambient temperature ovemight. The salt was collected by filtration
under nitrogen and dried for 5 h in a vacuum oven at 75 °C to give 2.44 g (91.3% yield) of
(R)-7-(3-pyridinyl)-1,7-diazospiro[4.4honane bernzoate as a white solid (mp 115-1156.5°C).
'H NMR (D,0): 8 7.75 and 7.67 (m, 4H), 7.37 (m, 1H, -C¢Hs of acid moiety, indicating a
mono-salt stoichiometry), 7.30 (m, 2H, -CsHs of acid moiety, indicating a mono-sailt |
stoichiometry), 7.15 (m, 1H), 6.91 (m, 1H), 3.54 (d, 1H), 3.40 and 3.28 (m, 5H), 2.23 (m, 2H),
2.00 (m, 4H).

Example 14: Hemigalactarate (hemimucate) salt of (R)- 7-(3-pyridinyl)-1,7-
diazospiro[4.4]nonane

A solution of (R)-7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane (0.21 g, 1.03 mmol) in
methanol (3 mL) was treated with mucic (galactaric acid) (0.12 g, 0.51 mmol) to give a thick
precipitate. The mixture was heated toreflux and water (0.3 mL) was added to give a clear
solution which was then cooled to ambient temperature over 1 h. The cooled solution was
left overnight at ambient temperature. The precipitated solids were filtered and dried to give
0.18 g (60% yield) of (R)-7-(3-pyridinyl)-1,7-diazospiro[4.4]nonane hemigalactarate as a
white plates.

Example 15: p-Bromobenzoate salt of (R)-7-(3-pyridinyl}-1,7-diazospiro[4.4]nonane

To awarm (60 °C), stirred solution of (R)- 7-(3-pyridinyl)-1,7-diazaspiro[4 4]nonane
(1.23 g, 6.03 mmol) in isopropyl acetate (15 mL) was added p-bromobenzoic acid (1.21 g,
6.03 mmol) in one portion. In a few minutes, a thick precipitate formed, and the mixture was
cooled to ambient temperature and stirred ovemight. The solid was collected by suction
filtration and vacuum dried (75 °C for 3 h) to give 2.27 g (93.3% yield) of a yellow granular
solid (mp 138-144 °C). "H-NMR (CDCl,): ):  8.93 (broad singlet 2H, *NH,), 7.95 (s & d,
2H), 7.73 (d, 2H), 7.45 (d, 2H), 7.03 (dd, 1H), 6.71 (d, 1H), 3.72 (d, 1H), 3.57 (dd, 1H), 3.31
(m, 4H), 2.50 (m, 1H), 2.15 (m, 1H), 1.98 (m, 4H)
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Exathple’ 76: 28y rithesist of(R)- difd B} 8py titing1)-1,7-didZas pirol4iaThdbidne via
Sepg'rajﬁgzrg\ O%g'gigktZI%b%l%ric Intermediate
N-Benzoyl-2-allylproline

N-Benzoyl-2-allylproline was generated by basic hydrolysis of the corresponding
methyl ester (Sato et al., Heterocycles 37(1): 245 (1994)).
N-Benzoyl-2-allylproline (R)-a-methylbenzyl amide

To a solution of N-benzoyi-2-allylproline (14.9 g, 57.0 mmol) in ether (100 mL) was
added thionyl chloride (8.5 g, 72 mmol) and catalytic DMF (~0.1 mL). The mixture was
stirred overnight at ambient temperature, and then concentrated to dryness. The residue

was dissolved indichloromethane (100 mL), and the resulting solution added dropwise to an
ice-cooled solution of (R)-a-methylbenzylamine (7.3 g, 60 mmol), triethylamine (14 mL, 100
mmol) and 4-(N,N-dimethylamino)pyridine (catalytic, 100 mg) in dichloromethane (250 mL).
After stirring at ambient temperature overnight, the reaction was stirred vigorously while
adding water (50 ml). After stirring for 15 min, the layers were separated, and the organic
layer washed smcéssively with 10% aqueous hydrochloric acid, water, 10% aqueous
potassium carbonate, and brine (50 mL each). The organic layer was dried over anhydrous
sodium sulfate, filtered and concentrated. The residue was purified by column
chromatography on silica gel with a hexane-ethy! acetate gradient (0-50% ethyl acetate) to
give two diastereomeric amides. The higher R; diastereomer (2:1 hexane/ethyl acetate)

was obtained as an oil (4.7 g, 45% of theoretical), while the more polar diastereomer was
obtained as a crystalline solid (4.3 g, 41% of theoretical). NMR (CDCl,); Less polar
diastereomer: 1.55 (d, 3H); 1.7 (m, 2H); 1.85-2.0 (m, 2H); 2.75 (m, 1H); 2.95 (dd, 1H); 3.25-
3.45 (m, 3H); 5.15(q, 1H); 5.3 (m, 2H); 5.85 (m, 1H); 7.4 (m, 10H); 8.6 (br d, 1H). More polar
diastereomer: 1.55 (d, 3H); 1.8 (m, 2H); 1.85-2.0 (m, 2H); 2.7 (m, 1H); 2.85 (dd, 1H); 3.3 (dd,
1H); 3.45 (m, 2H); 5.1 (g, 1H); 5.2 (m, 2H); 5.8 (m, 1H); 7.4 (m, 10H); 8.5 (br d, 1H).
(S)-7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane dihydrochloride

A solution of the more polar diastereomer of N-benzoyl-2-allylproline (R)-a-
methylbenzyl amide (4.00 g, 10.9 mmol) in dichloromethane (100 mL), cooled to -78 °C, was
treated with ozone enriched oxygen for 25 min. The resulting blue solution was purged wih
nitrogen to remove excess ozone and then treated with dimethyl sulfide (0.5 mL). The
mixture was stirred for 4 h, gradually warming to ambient temperature. The mixture was
then treated with triethylisilane (12 mL), followed by rapid drop-wise addition of trifluoroacetic
acid (8 mL), and stirred overnight under nitrogen atmosphere. The reaction mixture was
concentrated to dryness, and the residue was dissolved in dichloromethane (100 mL). This
solution was washed successively with 10% aqueous potassium carbonate, water and brine
(25 mL each). The organic layer was dried with anhydrous sodium sulfate, filtered and
concentrated. The residue was purified by column chromatography on silica gel with a
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werc-:2 s%ﬁ'l'cont%%mla ed W|91 eji(%gssztrlet;iyls@%eélasnd were re—chromatographed wih a
hexane/ethyl acetate gradient elution (0-50% ethyl acetate) to give a solid product. This was
recrystallized from hot hexane-ethyl acetate to give 1.6 g of crystalline 1-benzoyl-7-((R)-a-
methylbenzyl)-1,7-diazaspiro[4.4]Jnonan-6-one (42%). NMR (CDCI3): 1.65 (d, 3H); 1.8-1.95
(m, 3H); 2.05-2.2 (m, 1H); 2.25-2.35 (m, 1H); 2.65-2.75 (m, 1H); 2.85-2.95 (m, 1H); 3.5-3.65
(m, 3H); 5.55 (q, 1H); 7.2-7.4 (m, 8H); 7.55 (m, 2H). MS: M+H=349

A solution of the above 1-benzoyl-7-((R)-a-methylbenzyl)-1,7-diazaspiro[4 4Jnonan-6-
one (1.6 g, 4.6 mmol) in dry tetrahydrofuran (THF) (60 mL) was added dropwise to a
suspension of lithium aluminum hydride (0480 g, 12.9 mmol) in dry THF (25 mL) with ice
bath cooling. After 30 min of stirring with ice bath cooling, the bath was removed and the
reaction mixture was heated under reflux overnight. It was then cooled in an ice bath and
diluted with ether (50 mL). The cooled mixture was stirred vigorously as it was quenched
with 50% aqueous sodiumhydroxide (~3 mL, sufficient to provide a granular, white
precipitate). The resulting suspension was filtered, and the filtrate was concentrated to give
a light brown oil (1-benzyl-7-((R)-a-methylbenzyl)-1,7-diazaspiro[4.4]Jnonane, 0.90 g, 61%).
NMR (CDCl): 1.4 (d, 3H); 1.6-1.8 (m, 2H); 1.8-2.0 (m, 2H); 2.0-2.15 (m, 1H); 2.35 (d, 1H);
2.4-2.65 (m, 4H); 2.95 (br d, 1H); 3.2 (br dd, 1H); 3.65-3.9 (br dd, 2H).

The above 1-benzyl-7-((R)-a-methylbenzyl)-1,7-diazaspiro[4.4Jnonane (0.90 g, 2.8
mmol) was dissolved in methanol (50 mL), and combined with 20% palladium hydroxide on
carbon (wet, Degussa type) (0.2 g). The mixture was shaken under hydrogen atmosphere
(50 psi) for 3 d, with an additional 0.2 g of catalyst added on day 2. The mixture was filtered
through Celite, and the filtrate was concentrated. The residual oil was subjected to
Kugelrohr (bulb-to-bulb) distillation (80 °C, ~1 mm Hg pressure) to give a colorless oil (1,7-
diazaspiro[4.4honane, 300 mg, 84%). This was used directly in the next step without further
characterization.

A solution of the above 1,7-diazaspiro[4.4]nonane (150 mg, 1.2 mmol) in dry toluene
(6 mL) was purged wth nitrogen, and 3-bromopyridine (117 mg, 0.750 mmol), racemic-2,2’-
bis(diphenylphosphino)-1,1’-binaphthyl (rac-BINAP) (18 mg, 0.03 mmol), sodium tert-
butoxide (100 mg, 1.04 mmol) and tris(dibenzylideneacetone) dipalladium(0) (Pd»(dba),) (14
mg, 0.015 mmol) were added. The mixture was stirred vigorously and heated in an oil bath
at 100 °C for 3 h. The mixture was cooled, filtered through diatomaceous earth, and applied
to a silica gel column. The column was eluted with a gradient of 0-10% methanol in
dichloromethane containing 1% concentrated aqueous ammonium hydroxide. The resulting
brown oil (50 mg, 15%) was taken up in methanol and treated with excess 4 M HCl in
dioxane (~ 1 mL), followed by dilution with ether. The hydrochloride saltinitially oiled out,
but solidified on standing, and was subsequently triturated with ether. Recrystallization from
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isopfopaRdretidr gaveld RinBolldi(71(3 19 ri@ini5B7-aRz8%ir8 . 4ondie diydrochloride,
25 n%l'g% w:%l% ]ézmgﬁnlgfsr%ngeS 6&%7-%%248. %Zél fre5e g‘aﬁs’e]fr]c')gnélthis material was
determined to have a chiral purity of 98%, the major isomer of which is identical by chiral
HPLC (Chiralpak AD® column, using 75:25 hexane/ethanol) to S isomer material prepared
by other means (e.g., resolution using DTTA salts).

NMR (CDsOD): 2.2-2.4 (br m, 4H); 2.45-2.65 (br m, 2H); 3.5-3.6 (br m, 2H); 3.6-3.75
(br m, 4H); 7.75-7.9 (br m, 2H); 8.1-8.2 (br m, 2H). MS (M+H) = 204.
(R)-7-(3-pyridinyl)-1,7-diazaspiro[4.4honane dihydrochloride

A solution of the less polar diastereomer of N-benzoyl-2-allylproline (R)-a-
methylbenzyl amide (4.60 g, 12.6 mmol) in dichloromethane (350 mL), cooled to -78 °C, was
treated with ozone enriched oxygen for 45 min. The reaction was purged with nitrogen to
remove excess ozone and then treated with dimethyl sulfide (1 mL). The reaction was stirred
for 2 h and gradually warmed to ambient temperature. The mixture was then treated with
triethylsilane (10.5 mL), followed by rapid drop-wise addition of trifluoroacetic acid (7 mL),
and stirred ovemight under nitrogen atmosphere. The reaction mixture was concentrated to
dryness, and the residue dissolved in dichloromethane (100 mL). This solution was washed
successively with saturated sodium bicarbonate solution, water and brine (25 mL portions
each). The organic layer was dried with anhydrous sodium sulfate, filtered and
concentrated. The residue was purified by column chromatography on silica gel with a
hexane/ethyl acetate gradient elution (0-50% EtOAc) to give 1.14 g of 1-benzoyl-7-((R)-a-
methylbenzyl)-1,7-diazspiro[4 4]Jnonan-6-one (26%). This lactam (combined with a second
lot, produced by the same method; total = 2.0 g, 5.8 mmol) in dry tetrahydrofuran (THF) (100
mL) was added drop-wise to an ice cooled suspension of lithium aluminum hydride (0.66 g,
17.3 mmol) in THF (100 mL). After 30 min stirring with ice cooling, the bath was removed
and the reaction was heated under reflux overnight. It was then cooled in an ice bath and
diluted with ether (100 mL). The reaction was vigorously stirred as it was quenched with 50%
aqueous sodium hydroxide (~3 mL, sufficient to give a granular, white precipitate). The
resulting suspension was filtered, and the filtrate was concentrated to give an oil (1-benzyl-7-
((R)-a-methylbenzyl)-1,7-diazspiro[4.4honane, 1.7 g, 93%). This amine (1.7 g, 5.4 mmol)
was dissolved inmethanol (200 mL), and combined with 20% palladium hydroxide on carbon
(wet, Degussa type) (0.34 g). The mixture was shaken under a hydrogen atmosphere (50
psi) for 3 d, with an additional 0.34 g of catalyst added onday 2. The mixture was filtered
through diatomaceous earth, and the filtrate was concentrated. The residual oil was
subjected to Kugelrohr (bulb-to-bulb) distillation (80 °C, ~1 mm Hg pressure) to give a
colorless oil (1,7-diazaspiro{4.4]lnonane,150 mg, 14%). A solution of this amine (150 mg, 1.2
mmol) in dry toluene (5 mL) was purged wih nitrogen, and 3-bromopyridine (117 mg, 0.750
mmol), racemic-2,2'-bis(diphenylphosphino)-1,1’-binaphthyl (rac-BINAP) (18 mg, 0.03
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0. 157 25.36 88.83 276.5 14.1097 0.152 25.41 89.24
278.6 14.1093 0.149 25.21 93.29 279.6 14.1078 0.139

WQ 2000891341 25 280.6 14.1062 0. 127 25.09 94. 58 2B21/6S2009/000242
14.1046 0.115 25.09 94.54 284.6 14.1038 0. 110 25.18

mm&¥ sddlurd &6t-butdddel@848 nty, 104 ntbol)lZhdIrs(8ibelfyBdeheddetdri®] 8

dipaﬂaocl)ugn(?(og@dzz(gbgﬁ'(%? m%,98.02|'5 %ﬁio?‘,?\%gre%dggé The mixture was stirred
vigorously and heated in an oil bath at 100 °C for 3.5 h. The mixture was cooled, filtered
through diatomaceous earth, and applied to a silica gel column. The column was eluted with
a gradient of 0-10% methanol in dichloromethane containing 1% concentrated aqueous
ammonium hydroxide. The resulting brown oil (60 mg, 18%) was taken up in methanol and
treated with excess 4 M HCI in dioxane (~1 mL), followed by dilution with ether. The
hydrochloride salt oiled out, but solidified on standing, and was subsequently triturated with
ether, then recrystallized from isopropanol-ether to give a tan solid (7-(3-pyridinyl)-1,7-
diazaspiro[4.4honane dihydrochloride, 40 mg) (melting range 227-233 °C). The free base
from this material was determined to have a chiral purity of 94%, the major isomer of which
is identical by chiral HPLC (Chiralpak AD® column, using 75:25 hexane/ethanol) to material
that had been determined, by x-ray diffraction, to have the R absolute configuration. NMR
(CD5;0D): 2.2-2.4 (br m, 4H); 2.45-2.65 (br m, 2H); 3.5-3.6 (br m, 2H); 3.6-3.75 (br m, 4H);
7.75-7.9 (br m, 2H); 8.1-8.2 (br m, 2H). MS (M+H) =204.

Example 17: Summary of Salt Formation of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane

Using the techniques described herein, salts of (R)- and (S)-7-(3-pyridinyl)-1,7-
diazaspiro[4.4honane were prepared. Information regarding the acid used, the equivalents
used, the solvents used for recrystallization, and the resulting crystalline or non-crystalline
material obtained, are provided in the Tables 6 and 7 below.
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25.37 94.08 292.1 14.1021 0.098
14.1041 0.113 25.28 92.67 295.1
W@20008913617. 1 14. 1059 0. 125 25.09
0.123 25.14 89.98 301.1 14.1048
303.1 14.1040 0.111 25.14 89.97
25.14 89.98 307.1 14.1026 0.101
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90. 61 299.1 1HCT/OSH09/000242
0. 117 25.15 89.92

305.1 14.1032 0. 106
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14. 1005 0.087 25.18 84.66 323.1 14.1002 0.084 25.17

89.87 309.1 14.1019 0.097 25.32 89.36 311.1 14.1010

0.090 25.41 86.72 313.1 14.1023 0.099 25.32 86.19
W@1®90915d1 1022 0. 098 25.01 86.51 317.1 14. 1017POr/0S£$09/000242

84.72 325.1 14.0999 0.082 25.14 82.10

25.06 85.51 319.1 14.1011 0.091 25.10 85.10 321.1
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341.2 14.0974 0.065 25.14 75.31 343.2 14.0973 0. 064

25.14 75.30 345.2 14.0968 0.060 25.14 72.20 347.2
wa200006360. 056 25.23 70.54 349.2 14. 0957 0. 052P@BUSH09/000242

69.57 351.2 14.0953 0.050 25.42 69.54 353.2 14.0966

0.059 25.10 71.10 355.2 14.0961 0.055 25.04 70.77

357.2 14.0957 Q. 053 25.09 70. 26 359.? . C
Example 18: Reference Standard Formation and Optical Rotation Determination for

(R)-7-(3-Pyridinyl)-1,7-diazaspiro[4,4]nonane p-Hydroxybenzoate

A solution of (R)-7-(3-pyridinyl)-1,7-diazaspiro[4 ,4]nonane p-hydroxybenzoate (55.82
g, 164 mmol) in absolute ethanol (350 mL) was stirred and heated to reflux temperature,
dissolving all solids. Decolorizing carbon (2.88 g) was carefully added, and the mixture was
stirred and heated near reflux temperature for 10 min. The hot mixture was filtered over a
pad of diatomaceous earth (7.38 g), and the filter cake was washed with hot ethanol (100
mL). The warm filtrate was concentrated via rotary evaporation, and then stirred at room
temperature for ~30 min until precipitaion was substantial. Acetone (630 mL) was added
rapidly over 7 min, and the mixture was refrigerated at 5 °C for 21 h. The solids were
filtered, washed with cold acetone (2 x 50 mL) and vacuum dried at 50 °C for 22 h. The
light-beige solids were transferred to a glass fray, and the large lumps were crushed with a
spatula. The material was re-dried under vacuum at 50 °C for 18 h to give 52.3 g (93.7%) of
a light-beige, free-flowing powder, mp 136-140.5 °C. 'H NMR spectrum (D,O) was in
agreement with a mono-salt stoichiometry. Purity by achiral HPLC: 99.92%; purity by chiral
HPLC: 99.72% % for the shorter retention time isomer; elemental analysis: Calc'd for
Ci12H17N3 . C;HgOs . 0.5 H,0O: C, 65.12%; H, 6.90%; N, 11.99%, Found: C, 65.29, 65.17%;
H, 6.92, 6.98%; N, 11.96, 11.92% (consistent with a mono-p-hydroxybenzoate hemi-hydrate
stoichiometry); ES-MS: [M+H]" at m/e 204 (consistent with the molecular weight of (203.3) of
the free base); *H NMR (D,0): & 7.76 (d, 1H), 7.71 (m, 1H), 7.63 (distorted d, 2H, -CgH,- of
acid moiety, indicating a mono-salt stoichiometry), 7.16 (dd, 1H), 6.90 (m, 1H), 6.73
(distorted d, 2H, -CgH,4- of acid moiety, indicating a mono-salt stoichiometry), 3.53 and 3.20
(AB q, 2H), 3.31 (m, 4H), 2.24 (m, 2H), 2.03 (m, 4H); [a]s*® -117° (c = 10 mg/mL methanol).

A sample of (R)-7-(3-pyridinyl)-1,7-diazaspiro[4 4Jnonane was liberated from its p-
hydroxybenzoic acid salt (0.76 g, 2.24 mmol) by basification of the salt with 3N sodium
hydroxide (15 mL) and extraction with chloroform (4 x 10 mL). The combined chloroform
extracts were washed with water (10 mL) and dried over sodium sulfate. Following filtration,
the chloroform was removed by rotary evaporation. The resulting light-yellow oil was further
processed by dissolution in chloroform, drying the chloroform solution with sodium sulfate,
filtration and concentration by rotary evaporation. The resulting material was dried under
vacuum at ~70 °C for 2.5 h to give 0.44 g (96.9% of (R)-7-(3-pyridinyl)-1,7-
diazaspiro[4,4honane as a light-yellow oil, [a]s? -54° (c = 10 mg/mL methanol).

Example 19: Reference Standard Formation and Optical Rotation Determination for
(S)-7-(3-Pyridinyl)-1,7-diazaspiro[4,4]lnonane p-Hydroxybernzoate
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14. 0953 0. 050 25.15 69.77 361.2 14.0952 0.049 25.14

69. 87 363.2 14.0951 0.048 25.14 69.88 365.2 14.0948
WO2@4091361 14 69. 89 367.2 14.0945 0. 044 25. 14 6BCEES2009/000242

369.2 14.0946 0.045 25.14 65.75 371.2 14.0945 0. 044

25A354>|u§§n §f5(8§733-§ ricﬁn %ﬂdi@z%ﬁo@i]nbﬂaﬁép-ila;ldr&)?y@eﬁzoate (55.4
g, 1&2 mmol) |2n absolute ethanol 3 m]g w3aZ7sflrred1 and heated to reflux temperature,
dissolving all solids. Decolorizing carbon (2.81 g) was added, and the mixture was stirred
and heated near reflux temperature for 10 min. The hot mixture was filtered over a pad of
diatomaceous earth (7.28 g), and the filter cake was washed with hot ethanol (100 mL).
Crystallization commenced soon afterwards, and the mixture of off-white solids was stirred
for 4-5 h while cooling to room temperature. The mixture was then concentrated via rotary
evaporation at 40 °C (water bath), producing 71.24 g of an off-white, yellowish paste.
Absolute ethanol (35 mL) was added to the batch. Acetone (635 mL) was added to the
flask, and the mixture was stirred and heated to reflux. The heat source was removed and
the batch was cooled to room temperature with stirring, then refrigerated at 5 °C for 13 h.
The resulting solids were filtered, washed with cold acetone (2 x 50 mL) and vacuum dried at
50 °C for 6 h. The light-beige solids were transferred to a glass tray, and the large lumps
were crushed with a spatula. The material was re-dried under vacuum at 50 °C for 2.5 h to
give 54 .34 g (97.9%) of a cream colored, lumpy powder, mp 138.5-140.5 °C. 'H NMR
spectrum (D,0) was in agreement with a mono-salt stoichiometry. Purity by achiral HPLC:
99.73%; purity by chiral HPLC: 99.81% for the longer retention time isomer; elemental
analysis: Calc’d for Cy,H7N; . C/HgO5 . 0.5 HZO': C, 65.12%; H, 6.90%; N, 11.99%; Found:
C,65.35,65.21%; H, 6.96, 6.94%; N, 12.09, 11.98% (consistent with a mono-p-
hydroxybenzoate hemi-hydrate stoichiometry); ES-MS: [M+H]" at m/e 204 (consistent with
the molecular weight of (203.3) of the free base); '"H NMR (D,0): & 7.76 (d, 1H), 7.72 (m,
1H), 7.62 (distorted d, 2H, -CgH,- of acid moiety, indicating a mono-salt stoichiometry), 7.16
(dd, 1H), 6.90 (m, 1H), 6.72 (distorted d, 2H, -C¢H,- of acid moiety, indicating a mono-salt
stoichiometry), 3.53 and 3.20 (AB q, 2H), 3.31 (m, 4H), 2.23 (m, 2H), 2.10 (m, 4H); [a]p*°
+121° (¢ = 10 mg/mL methanol)

A sample of (S)-7-(3-pyridinyl)-1,7-diazaspirc[4,4]Jnonane was liberated from its p-
hydroxybenzoic acid salt (0.77 g, 2.25 mmol) by basification of the salt with 3N sodium
hydroxide (15 mL) and extraction with chloroform (4 x 10 mL). The combined chloroform
extracts were washed with water (10 mL) and dried over sodium sulfate. Following filtration,
the chloroform was removed by rotary evaporation. The resulting light-yellow oil was further
processed by dissolution in chloroform, drying the chloroform solution with sodium sulfate,
filtration and concentration by rotary evaporation. The resulting material was dried under
vacuum at ~70 °C for 2 h to give 0.44 g (97.3% of (S)-7-(3-pyridinyl)-1,7-
diazaspiro[4,4honane as a light-yellow oil, [a],* +55° (c = 10 mg/mL methanol).

Example 20: DVS Analysis of (R)-7-(3-pyridinyl)-1,7-diazas piro[4.4]nonane mono-p-

hydroxybenzoate
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0.042 25.13 65.15 379.2 14.0941 0. 041 25.14 65.13
381.2 14.0936 0.038 25.14 62. 03 383.2 14.0937 0.038

W@ 200949661 80 385. 2 14. 0936 0.038 25.14 60. 32 3BF1/BS2009/000242
14. 0934 0.036 25.14 60.08 389.2 14.0933 0.035 25.14

601nlddydmic2vabdr 86 ptlorl DVSP agidardids, @@aMpled R)7- 13 pdddgI)-1,7-
diaan)'S[g'I) %%4.%§dn%ﬁe ?r%ncg)-%-t?y%?dx%bén%bgg %81 491' nqg§2was subjected to gradually
increasing, followed by then gradually decreasing, humidity over a period of about 10 h (see
details below). The results, shown in Table 6, indicated that this saltis particularly stable to
high humidity, gaining less than 0.2 wt% during the course of the study and readily losing the
absorbed moisture as the humidity was decreased. Given its relatively high melting point

and crystalline nature, it is therefore a particularly good candidate for drug development.

Table 6
Experiment Step Isotherm
Operator - vti
(R)-7-(3-pyridinyl)-1,7-diazaspiro[4.4lnonane
Sample Name p-hydroxybenzoate
JAM-
Sample Lot # 022990
Notes Prepared from the L-DTTA salt
Drying Temp 50 °C
Heating Rate 5 °C/min
Max Drying Time 60 min
Equil Crit 0.0100 wt%in 2.00 min
Expt Temp 25 °C
Max Equil Time 180 min
Equil Crit 0.0100 wt%in 5.00 min
RH Steps 5to95to1by5
Data Logging Interval 2,00 minor 0.0100 wt%
Expt Started 1/412007
Run
Started 16:09:22
Samp
Elap Time Weight Weight Temp Samp RH
min mg % chg deg C %
0.1 14.0883 0.000 25.01 0.95
0.2 14.0956 0.052 25.01 0.95
0.7 14.0986 0.073 25.02 0.95
1.2 14.1003 0.085 25.06 0.94
1.7 14.1023 0.099 25.26 0.92
37 141013 0.092 27.27 0.82
47 14.0997 0.081 28.36 0.77
57 14.0973 0.064 29.84 0.71
6.7 14.0951 0.048 31.56 0.65
8.2 14.0933 0.035 3427 0.56
10.2 14.0926 0.031 37.82 0.46
12.2 14,0936 0.038 41.26 0.39
14.2 14.0949 0.047 44,61 0.33
16.2 14.0944 0.043 46.27 0.30
18.2 14.0944 0.043 4575 0.31
19.7 14.0964 0.057 4457 0.33
20.7 14.0982 0.070 43.71 0.35

217 14.1002 0.085 42.86 0.36
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25.14 55.81 397.2 14.0928 0.032
14. 0925 0.030 25.14 55.09 401.2
wh000094608. 2 14. 0924 0. 029 25. 14
0.028 25.14 55.13 407.3 14.0920
40%33F 14.493¢ 0. 026 0d5. 14 50.186
25.764 50.120046.3. 3 1496916 039323

27.7
29.7
317
33.7
357
37.7
39.7
417
43.7
457
47.7
497
517
53.7
557
577
59.7
61.7
63.7
65.2
67.2
69.2
71.2
73.2
75.2
77.2
792
812
83.2
853
87.3
89.3
91.3
933
95.3
97.3
99.3
101.3
103.3
105.3
107.3
109.3
111.3
113.3
115.3
117.3
119.3
120.8
122.8
124.8
126.8
128.8

141011
14.1001
14.0997
14.0993
14.0993
14.0992
14.0993
14.0986
14.0979
14.0985
14.0990
14.0993
14.0995
14.1006
14.1004
14.0996
14.0994
14.0991
14.0992
14.1006
14.1003
14.1000
14.0998
14.1000
14.1002
14.1003
14.1006
14.1008
14.1010
14.1014
14.1014
14.1010
14.1016
14.1015
14.1016
14.1016
14.1019
14.1018
14.1024
14.1027
14.1027
14.1028
14.1026
14.1031
14.1024
14.1024
14.1024
14.1039
14.1047
14.1043
14.1036
14.1030

0.091
0.084
0.081
0.078
0.078
0.078
0.078
0.073
0.068
0.072
0.076
0.078
0.079
0.087
0.086
0.081
0.079
0.077
0.077
0.087
0.085
0.083
0.082
0.083
0.085
0.085
0.087
0.089
0.090
0.093
0.093
0.090
0.094
0.094
0.094
0.095
0.097
0.096
0.100
0.102
0.102
0.103
0.102
0.105
0.100
0.100
0.100
0.110
0.116
0.114
0.109
0.104

37.91
36.33
3478
33.28
31.82
30.38
28.99
27.62
26.29
25.36
25.27
25.23
2518
25.18
25.18
25.27
25.42
25.55
25.54
25.02
25.05
25.09
25.18
25.18
25.16
25.14
25.14
25.14
25.14
25.14
25.14
25.14
25.14
25.14
25.14
25.14
25.14
25.15
2514
25.14
25.14
25.14
25.14
25.14
25.31
25.43
25.53
25.31
25.00
25.09
25.18
25.38
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25.14 55.30 399.2

14. 0925 0. 030 25. 14

55.12 405. 3 1ECDBER09/000242
0.026 25.14 51.80
411.g40l4. 0918 0. 025

25. 1dus
0.48
0.52
0.57
0.62
0.67
0.73
0.79
1.53
414
4.54
5.33
5.33
5.056
4.89
5.17
9.36
9.07
9.78
9.79

10.10
10.10
12.12
14.66
14.72
14.74
14.76
18.58
19.67
19.90
19.92
19.92
23.53
2464
24.85
24.98
24.88
24.85
28.39
29.61
29.82
29.81
29.81
33.39
34.52
34.63
34.68
34.73
35.09
35.48
34.96
34.76
34.54



50.18 415.3 14. 0916 0.023 25. 14
0.020 25.14 46.94 419.3 14.0912
W@2009/891541 0911 0. 020 25. 14 45. 25
25.14 45.09 425.3 14.0908 0.018
14149308 0140087 25. 15 .%5. 09 433%s3
4519028 431143044. 0905.102015 255.314

134.9
136.9
138.9
140.9
142.9
144.9
145.9
147.9
149.9
151.9
153.9
155.9
157.9
159.9
161.9
163.9
165.9
167.9
169.9
171.9
173.9
175.9
177.4
179.4
181.4
183.4
185.4
187.4
189.4
191.4
193.4
195.4
197.4
199.5
201.5
203.5
205.5
207.5
209.5
211.5
213.5
215.5
217.5
219.5
221.5
2235
225.5
227.5
229.5
231.5
233.5
235.5

14.1049
14.1047
14.1049
14.1041
14.1034
14.1039
14.1056
14.1059
14.1059
14.1054
14.1057
14.1056
14.1052
14.1051
14.1067
14.1070
14.1068
14.1066
14.1065
14.1053
14.1057
14.1058
14.1073
14.1079
14.1078
14.1079
141075
14.1070
14.1065
14.1083
14.1088
14.1088
14.1086
14.1088
14.1079
14.1083
14.1099
14.1104
14.1102
14.1102
14.1104
14.1105
14:1105
14.1109
141111
141113
141114
14.1116
14.1113
14.1119
14.1121
141126

0.117
0.116
0.118
0.112
0.107
0.111
0.123
0.125
0.125
0.122
0.123
0.123
0.120
0.119
0.131
0.133
0.131
0.130
0.129
0.121
0.124
0.124
0.135
0.139
0.138
0.139
0.136
0.133
0.129
0.142
0.146
0.146
0.144
0.145
0.139
0.142
0.153
0.157
0.155
0.155
0.157
0.157
0.1567
0.160
0.162
0.163
0.164
0.165
0.163
0.167
0.169
0.172

25.09
25.14
25.14
25.28
25.37
25.46
25.21
25.05
25.09
25.18
2515
25.20
25.34
2541
2518
25.05
25.09
25.16
25.14
2525
25.37
25.45
25.23
25.04
25.09
25.10
25.20
25.36
25.43
25.22
25.09
25.09
25.18
2519
25.34
25.41
2524
25.05
25.09
25.18
25.15
25.14
25.14
25.14
25.14
25.14
25.14
25.14
25.14
2514
25.14
25.14
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50.18 417.3 14. 0911
0.020 25.14 45.64
423. 3 14. 0908rCr/08809/000242
25.14 45.08 427.3
14. 8435 0. 016 25. 14
41. #os
40.16
39.99
39.99
39.76
42.91
44.09
4479
45.14
45.00
45.98
48.86
49.41
49.47
49.57
50.43
50.61
50.15
49.96
49.98
52.69
53.88
54.33
55.22
55.65
55.19
55.06
54.76
54.60
57.30
59.79
60.11
60.10
59.82
59.79
62.58
63.68
65.13
65.53
65.15
64.78
64.90
66.16
68.80
69.48
69.78
69.88
69.87
69.86
72.87
74.19
74.59
74.62



433.3 14.0903 0.014 25.14 40.66 435.3 14.0901 0.013

25.14 40.17 437.3 14.0899 0.011 25.14 40.13 439.3
WQA200089360. 010 25.14 40. 00 441.3 14. 0893 0. 007PQBEU32009/000242

36. 68 443.3 14.0893 0.007 25.14 35.49 445.3 14.0891

0.806 25.14418b. 12 44683 14.43890 0. OffHp425. 14 35.09 WO

20£%9/50915@H 118 PCT/0482009/ 030242  75.49

2415 14.1119 0.168 25.48 77.88
2425 14.1134 0.178 25.19 79.96
2445 14.1138 0.181 25.03 80.50
246.5 14.1138 0.181 25.09 80.23
248.5 14.1138 0.181 2517 79.86
250.5 14.1136 0.180 2517 81.02
252.5 14.1135 0.179 2514 83.59
254.5 14.1137 0.180 2514 84.43
256.5 14.1137 0.181 2514 84.59
258.5 14.1138 0.181 2514 84.61
260.5 14.1131 0.176 25.25 84.23
262.5 14.1119 0.168 25.37 86.44
264.5 14.1118 0.167 25.46 88.02
266.5 14.1131 0.176 25.11 90.94
268.5 14.1121 0.169 25.04 90.75
270.5 14.1119 0.168 25.09 90.04
272.5 14.1112 0.163 25.20 89.43
274.5 14.1104 0.157 25.36 88.83
276.5 14.1097 0.152 25.41 89.24
278.6 14.1093 0.149 25.21 93.29
279.6 14.1078 0.139 25.05 94.25
280.6 14.1062 0.127 25.09 94.58
282.6 14.1046 0.115 © 25.09 94.54
284.6 14.1038 0.110 25.18 94.19
286.6 14.1034 0.107 25.14 94.82
288.1 14.1018 0.096 2526 94.29
2901 14.1020 0.098 25.37 94.08
2921 14.1021 0.098 2545 93.45
2931 14.1041 0.113 2528 92.67
295.1 14.1048 0.117 25.06 92.08
2971 14.1059 0.125 25.09 90.61
2991 14.1056 0.123 25.14 89.98
301.1 14.1048 0.117 2515 89.92
303.1 14.1040 0.111 25.14 89.97
3051 14.1032 0.106 25.14 89.98
307.1 14.1026 0.101 2516 89.87
309.1 14.1019 0.097 25.32 89.36
3111 14.1010 0.090 25.41 86.72
3131 14.1023 0.099 25.32 86.19
3151 14.1022 0.098 25.01 86.51
3171 14.1017 0.095 25.06 85.51
3191 14.1011 0.091 25.10 85.10
3211 14.1005 0.087 2518 84.66
3231 14.1002 0.084 2517 84.72
3251 14.0999 0.082 25.14 82.10
3271 14.0991 0.076 25.30 80.16
329.1 14.0985 0.072 25.39 79.76
3311 14.0982 0.070 2542 79.61
333.2 14.0986 0.073 25.00 78.05
335.2 14.0986 0.073 25.08 76.06
337.2 14.0981 0.070 25.14 75.31
339.2 14.0977 0.067 2517 75.18
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449.3 14.0889 0.004 25.14 35.09 451.3 14.0889 0.004
25.14 35.09 453.3 14.0884 0.001 25.14 31.67 455.3

W@ 200088460. 001 25. 14 30. 52 457.3 14. 0881 - 0. O0RCERESZDA49/000242
30.14 459.3 14.0878 -0.004 25.14 30.15 461.3 14.0877

- 034904 25.4147530. 14 A4B83. 3 1450871 - 07008 25. 14 26. 63
465233 14.Q%67s - 0. 0@D625. 14 2873451 467533

345.2 14.0968 0.060 2514 72.20
347.2 14.0962 0.056 25.23 70.54
349.2 14.0957 0.052 25.36 69.57
351.2 14.0953 0.050 2542 69.54
3563.2 14.0966 0.059 25.10 71.10
355.2 14.0961 0.055 25.04 70.77
357.2 14.0957 0.053 25.09 70.26
359.2 14.0953 0.050 25.15 69.77
361.2 14.0952 0.049 2514 69.87
363.2 14.0951 0.048 25.14 69.88
365.2 14.0948 0.046 25.14 69.89
367.2 14.0945 0.044 25.14 66.95
369.2 14.0946 0.045 2514 65.75
371.2 14.0945 0.044 25.14 65.35
373.2 14.0944 0.044 25.14 65.11
375.2 14.0942 0.042 25.14 65.13
377.2 14.0942 0.042 2513 65.15
379.2 14.0941 0.041 25.14 65.13
381.2 14.0936 0.038 2514 62.03
383.2 14.0937 0.038 25.14 60.80
385.2 14.0936 0.038 25.14 60.32
387.2 14.0934 0.036 25.14 60.08
389.2 14.0933 0.035 25.14 60.10
391.2 14.0932 0.035 25.14 60.08
393.2 14.0928 0.032 25.14 56.98
395.2 14.0928 0.032 25.14 55.81
397.2 14.0928 0.032 25.14 55.30
399.2 14.0925 0.030 25.14 55.09
401.2 14.0925 0.030 25.14 55.06
403.2 14.0924 0.029 25.14 55.12
405.3 14.0923 0.028 25.14 55.13
407.3 14.0920 0.026 2514 51.80
409.3 14.0920 0.026 25.14 50.66
411.3 14.0918 0.025 25.14 50.20
4133 14.0916 0.023 2514 50.18
4153 14.0916 0.023 25.14 50.18
417.3 14.0911 0.020 25.14 46.94
419.3 14.0912 0.020 25.14 45.64
421.3 14.0911 0.020 2514 45.25
423.3 14.0908 0.018 25.14 45.09
425.3 14.0908 0.018 2514 45.08
427.3 14.0908 0.018 25.14 45.09
429.3 14.0905 0.016 25.14 45.08
431.3 14.0904 0.015 25.14 41.75
433.3 14.0903 0.014 25.14 40.66
435.3 14.0901 0.013 25.14 40.17
437.3 14.0899 0.011 25.14 40.13
439.3 14.0897 0.010 25.14 40.00
4413 14.0893 0.007 25.14 36.68
443.3 14.0893 0.007 25.14 35.49
445.3 14.0891 0.006 25.14 35.12

447.3 14.0890 0.005 25.14 35.09
55



14.0872 -0.008 25.14 25.15 469.3 14.0870 -0.009 25.14
25.08 471.3 14.0869 -0.010 25.14 25.11 473.4 14.0868

WO 2000041526, 14 25. 10 475.4 14. 0864 -0. 013 25. 14PQI/USI09/000242
477.4 14.0863 -0.014 25.14 21.04 479.4 14.0862 -0.015
254404 20.1a0sd81. 4 1hod861 -43.1@16 253slgb 20. 30 483. 4
14400859 -13.084% 25. 10%0020. 15 2689. 4 143857

453.3 14.0884 0.001 25.14 31.67
455.3 14.0884 0.001 2514 30.52
457.3 14.0881 -0.001 25.14 30.14
459.3 14.0878 -0.004 25.14 30.15
461.3 14.0877 -0.004 25.14 30.14
463.3 14.0871 -0.008 25.14 26.63
465.3 14.0872 -0.008 2514 25.51
467.3 14.0872 -0.008 25.14 2515
469.3 14.0870 -0.009 25.14 25.08
471.3 14.0869 -0.010 25.14 25.11
473.4 14.0868 -0.011 2514 2510
475.4 14.0864 -0.013 25.14 21.51
477.4 14.0863 -0.014 25.14 21.04
479.4 14.0862 -0.015 25.14 20.60
481.4 14.0861 -0.016 25.14 20.30
483.4 14.0859 -0.017 2514 20.15
485.4 14.0857 -0.018 25.14 20.23
487.4 14.0856 -0.019 25.14 20.11
489.4 14.0851 -0.023 25.14 16.47
4914 14.0852 -0.022 25.14 15.93
493.4 14.0851 -0.023 25.14 15.57
495.4 14.0850 -0.023 25.14 15.58
497.4 14.0848 -0.025 25.14 15.22
499.4 14.0847 -0.025 2514 15.17
. 501.4 14.0846 -0.026 25.14 15.13
503.4 14.0846 -0.026 25.14 15.10
505.4 14.0843 -0.028 25.14 9.79
507.4 14.0842 -0.029 25.14 9.83
509.4 14.0841 -0.030 25.14 9.86
511.4 14.0839 -0.031 25.14 9.86
513.4 14.0836 -0.033 25.14 9.01
515.4 14.0834 -0.035 25.14 5.82
517.4 14.0833 -0.035 25.14 4.97
519.4 14.0832 -0.037 2514 4.93

Example 21: Chiral Analytical HPLC Method

The enantiomeric composition and purity of various samples of 7-(3-pyridinyl)-1,7-
diazaspiro[4,4honane and its resolved enanfiomers were determined using the following
method. Samples of the free base (7-(3-pyridinyl)-1,7-diazaspiro[4,4]nonane, (R)- 7-(3-
pyridinyl)-1,7-diazaspiro[4,4]nonane, or (S)- 7-(3-pyridinyl)-1,7-diazaspiro[4,4]nonane) were
dissolved in ethanol (~ 0.65 mg/mL). Aliquots (10 pL) were analyzed by injection onto a
Chiralpak AD, 250 x 4.6 mm column (Chiral Technologies catalog # 19025) and elution with
75:25:0.2 hexanes/ethanol/di-n-butylamine at a flow rate of 1.0 mL/min. The column
temperature was maintained at 20 °C, and the detector was set at 260 nm. Under these
conditions, the R enantiomer typically elutes at 8.3 min and the S enantiomer typically elutes
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10

15

-0.018 25.14 20.23 487.4 14.0856 -0.019 25.14 20.11
489.4 14.0851 -0.023 25.14 16.47 491.4 14.0852 -0.022

W@ 2009491561 93 493. 4 14. 0851 -0.023 25. 14 15. 57 EOBU&2009/000242
14. 0850 -0.023 25.14 15.58 497.4 14.0848 -0.025 25.14

at 9. 5MiR 2 MiRP vérialidndB 4etentdnQidfesdbe debnl&spbdiafOdheh aaly8Sifre

perf_orgﬁecc)izo% d???é'r&n%d%?s’.lS 503. 4 14.0846 -0.026

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

The specific pharmacological responses observed may vary according to and
depending on the particular active compound selected or whether there are present
phamaceutical carriers, as well as the type of formulation and mode of administration
employed, and such expected variations or differences in the results are contemplated in
accordance with practice of the presentinvention.

Although specific embodiments of the present invention are hereinillustrated and
described in detail, the invention is not limited thereto. The above detailed descriptions are
provided as exemplary of the present invention and should notbe construed as constituting
any limitation of the invention. Modifications will be obvious to those skilled in the art, and all
modifications that do not depart from the spirit of the invention are intended to be included
with the scope of the appended claims.
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25.14 15.10 505.4 14.0843 -0.028 25.14 9.79 507.4
14.0842 -0.029 25.14 9.83 509.4 14.0841 -0.030 25.14
wW@2886/091581 4 14. 0839 -0.031 25.14 9.86 513. 4 14r0OBBS2009/000242
-0.033 25.14 9.01 515.4 14.0834 -0.035 25.14 5.82
Claiink?- 4 14.0833 -0.035 25.14 4.97 519.4 14.0832 -0.037
25.14 4.93 Exanple 21: Chiral Analytical HPLC Met hod
The enanti omeric conposition and purity of various
sanpl esAwhcid sgiBefi (3-mliridindl)-1 ¥;dlazaspieposiporanledwidgrein dthieeavid is
suc@n‘fi?&é S Jx%ﬁ@!aé’c‘?d enanti omers were determ ned using the
2, The salt of claim 1, wherein the stoichiometry (molar ratio) of 7-(3-pyridinyl)-
1,7-diazaspiro[4 4]nonane to the acid is between 1:2 and 2:1.
3. The salt of claim 1, wherein the stoichiometry (molar ratio) of 7-(3-pyridinyl)-
1,7-diazaspiro[4.4]nonane to the acidis 1:1.
4, An acid salt of (R)-7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane, wherein the acid
is hydrochloric acid, oxalic acid, (R)-mandelic acid, benzoic acid, p-bromobenzoic acid, p-
hydroxybenzoic acid, galactaric (mucic) acid, or (+)-di-O,O’-p-toluoyl-D-tartaric acid.
5. An acid salt of (S)-7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane, wherein the acid
is hydrochloric acid, oxalic acid, (S)-mandelic acid, benzoic acid, p-bromobenzoic acid, p-
hydroxybenzoic acid, galactaric (mucic) acid, or (-)-di-O,0O’-p-toluoyl-L-tartaric acid.
6. The salt of claim 4 or 5, wherein the stoichiometry (molar ratio) of 7-(3-
pyridinyl)-1,7-diazaspiro[4.4]nonane to the acid is between 1:2 and 2:1.
7. The salt of claim 4 or 5, wherein the stoichiometry (molar ratio) of 7-(3-
pyridinyl)-1,7-diazaspiro[4.4]nonane to the acid is 1:1.
8. The salt of claim 7, wherein the acid is p-hydroxybenzoic acid.
9. (R)-7-(3-pyridinyl)-1,7-diazaspiro[{4.4honane mono-p-hydroxybenzoate.
10. (S)-7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane mono-p-hydroxybenzoate.
11. (R)-7-(3-pyridinyl)-1,7-diazaspiro[4.4Jhonane or a salt thereof substantially
free of (S)-7-(3-pyridinyl)-1,7-diazaspiro[4.4]Jnonane or a salt thereof.
12. An acid salt of (R)-7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane in substantially
crystalline form.
13. A phamaceutical composition comprising a compound of any of claims 1-12,
along with one or more pharmaceutically acceptable carrier.
14. A method for treating or preventing a CNS disorder comprising administering
to a subject in need thereof an effective amount of a compound of any of claims 1-12.
15. Use of a compound of any of claims 1-12 in the manufacture of a medicament
for the treatment or prevention of a CNS disorder.
16. A compound as claimed in claims 1-12 for use in treating or preventinga CNS
disorder. i
17. The method, use, or compound of claims 14-16, wherein the disorder is
selected from the group consisting of depression, anxiety, bipolar disorders, mania,
premenstrual dysphoria, panic disorders, bulimia, anorexia, generalized anxiety disorder,

seasonal affective disorder, major depressive disorder, obsessive compulsive disorder, rage
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Ster%‘f'%ﬂ"}ﬁrﬁd%/\%@ﬁg 90:t he stoichionmetry (nolar ratio) of
7- ( 3- pytii) dolating the inditvidliabdiastereorngrk. sbjts by fractionel drystallizatiah,
ang! S between 1:2 and 2:1. 3. The salt of claim
1, wherein the stoichionetry (nolar ratio)
7- ( 3- pyfiiD dibergting the free ases o th@[ssplaqumﬁﬁhbtrﬁwmmmaée
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d.as(e{?eon?en(: %nm@swlcwaanslm% a7 aRe bﬁa{uéfné} BOAPdHiine WhREiRhE a
he acid 1s hydrochloric acid, oxalic acid
Cm"ﬂSY”Wﬁhdellc aci d, benzoic acid, p-bromobenzoic acid,
phydr oxgipsepacation @CIhé disgtdrésmians bg m(eam:cbfce)thacnhebmawgraphy or
c s%p%nonané) p-toluoyl-L-tartaric acid. 156. The salt of
Y 48t 5, wherein the stoichionetry (nolar ratio)
of 7-(3- pyridinyl)-1,7-diazaspiro[4.4]nonane to the
acid is between 1:2 and 2: 159 7. The salt of
claim4 or 5, wherein the stoichionetry (nolar ratio)
of 7-(3- pyridinyl)-1,7-diazaspiro[4.4]nonane to the
acid is 1:1. 8. The salt of claim7, wherein
the acid is p-hydroxybenzoi c acid.
209. (R -7-(3-pyridinyl)-1,7-di azaspiro[ 4. 4)i onane
nono- p- hydr nbenzoat e. 10.
(S)-7-(3-pyridinyl)-1, 7-di azaspi ro[ 4. 4] nonane
nono- p- hydroxybenzoate 11.
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chorea, tardive dyskinesia, hyperkinesia,
Creut zf el d- Jakob di sease, epilepsy, attention deficit
waele@onlkssy attention deficit hyperactivity di SBETHES2009/000242
dysl exi a, schi zophreni a, 10schi zophreniform di sorder,
schi zoafiify eeipretortibftog siithesiBiin suchGONardney as thezairalaxitiary is
cba§ ) and age-associ ated nenory i npairnment (AAM).
. The nethod, use, or conpound of clainms 14-16,
wheg.ei nThehmetipd of claim 25 wheategtthe pair efdtiastareameric intermediates is
the R BenAyIEL AR (RI6G R0 dRfigent i ng pain or
ti'on conprising 15adm nistering to a subject
in need thereof an effective anmount of a conmpound of
any of clains 1-12. 21. Use of a conpound of
any of clains 1-12 in the manufacture of a nedi cament
for the treatnent or prevention of pain or

i nfl ammati on. 22. A conpound as clainmed in
clainms 1-12 for use in treating or preventing pain
200r i nfl ammati on. 23. A nethod of separating
i soners of 7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane
conpri si ng: (i) converting into

di astereoneric salts by reaction with one or both of
the stereoi somers of a chiral acid, 25(ii) isolating
the individual diastereoneric salts by fractiona
crystallization, and (iii) |liberating the free bases
fromthe isolated salts by treatnent with base.

24. The nmethod of claim 23, wherein the chiral acid is
one or both of (+)-di-0,0"- p-toluoyl-D-tartaric acid
and (-)-di-0,0"-p-toluoyl-L-tartaric acid. 3025.A

nmet hod for preparation of (R)- and
(S)-7-(3-pyridinyl)-1,7- diazaspiro[4.4yionane in
substantially pure enantioneric form conprising:

(i) conversion of a suitably N-protected racemc
2-allylproline into a pair of diastereoneric am des by
condensation wth a pure enantioner of an am ne
containing a chiral auxiliary, 35(ii) separation of

t he di astereoners by neans of either chronatography or
crystallization, and (iii) conpletion of the
synthesis in such a manner as the chiral auxiliary is
cl eaved. 26. The nethod of claim 25, wherein the pair
of diastereonmeric internmediates is the

N- benzoyl- 2-allyl proline (R)-a-nethyl benzyl am des.
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