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present in about 1% of the population worldwide. It is
estimated that about 2.8 mllion people in the US
al one have the disorder. In spite of antipsychotic
drugs 30 - 40% of patients remain treatnent
resistant. A simlar nunber remain considerably
synptomatic w th residual negative (see bel ow) and
psychotic (eg, hallucinations and del usi ons) synptons.
15 On the other hand, psychosis in schizophrenia is a
remtting relapsing disorder with deteriorating
forns 60 to 8096of oatlents Wi | | rela se or worsen i n
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treatnent Although ps , are the si gna

for antipsychotic druéiﬁﬁégﬁ%gﬁﬁgﬂgﬁﬁer clinica

domai ns of schi zophrenia are nore socially and

functionally disabling. Only 7% of patients will be

fully enployed, B/Mk@mwumpmmvmm@iq 20 be

working at sone tinme in their |lives. Antipsychotic

drugs do not satisfactorily treat cognitive
SChiZﬂTphlﬂenﬂ'émpES@Tt im elopaut il Veeofsherpomuiaticnf worddwiide o fths estinagted that about
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of pﬁﬁ‘&ﬁ§ Fer®ni S HERERABreSik@NC AN hileF ﬁﬂnE& r&ﬁalh Ren&8érabIYfsypomatic
di sorder. 25 Both domains are believed the nmj or cause

wnforesxdls@lermg@tnm(nsembmwtm pelychaitg (eg.dapueingtnals and delusions) symptoms.
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dete@forating fUﬂﬁw BOits B@% diphtientd B96)elapye gaivoren sy s D yBars Bedh on
as flat affect, social and enotional w thdrawal,
MaiBigPEICEANBPSYE BoftcFRatiment. AhauabeRshchqtis SNMEFOTRATE (et Signsl for
anifRRORCU e eltin difer A EERIMTRES EhIBE R or ABlabcially and
fundtijnally disslﬂbigt 0glys Yl pasernd wilhise flillyengpdsyedt waile doly onetin five will
respond wel |l tq antipsychotics. At any given tine,
be ‘ﬁ@ﬁé‘t&%é"@?ﬁﬁi"dﬁ@’%"%e present in 60% of patients.
Negative synptons can be present before the onset of
the illness and worsen over tinme. Al though they tend
Antipsytietis tdakgselo rtoh eatisfstaritp tmmogoﬂ@mﬁmpathtMS or negative symptoms of

schlzg&rel\ﬁg §its) udfng s\é\ga c%(r)r%e e%?:el %r%d grc-g{e%sszoq%g/g eg, 13 Ylack et al, 2004).

Cognitive impairments and negative symptoms are considered to be the core of the disorder.
Both domains are believed the major cause of deterioration of social and occupational
functioning, caretaker burden, and increased risk of psychotic relapse (Verdoux et al., 2002;

van Kammen et al, unpublished data, 1996).

Negative symptoms such as flat affect, social and emotional withdrawal, poverty of content of
speech, lack of motivation, anhedonia (inability to experience pleasure), apathy, motor
retardation and lack of personal hygiene are major disabling symptoms of the disorder, that do
not respond well to antipsychotics. At any given time, negative symptoms may be present in
60% of patients. Negative symptoms can be present before the onset of the illness and worsen

over time. Although they tend to be stable, they do improve somewhat with improvement in
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-2 psychosis. Antipsychotic drugs may induce negative
synptons (eg, flatness of affect, enotiona

WO mioshgimaanval , notor retardation) through dopamP@®BUS2005/011107

recept or bl ockade (extrapyragldal side effects or
EPS). Negative synptons, indufed by dopani ne receptor
bl ockade, psychosis or depression, are called
psyeRE2NFat s YdhBic BRGY dYIhdRLIREAKR s§¥1‘§ﬂﬁﬂsﬂ@g, ﬁatﬂ% 8 affect,
negati ve synptons nmay respond to sw tching
emgiéerad writhdrasiapandtoerctandzigon thsough dapamine w«tmmﬂdwé@dEPS

(el HAF 18 af RS N e SRET B bietrife receptor

blodkde CRSLhaey @H depREabh,Saré Ballkd8eddi@iry (@BR-chd@ER) higative symptoms.
nmenory |npa|rnents Endurlng@grlnar neg ative

Thespmsgdie samPtansmay. sispeii torsavigamgdp sergsﬂﬁméwnnnerhmg@msts
%
(S[?/%@rvxléigg% gglgg i B\g&gﬂgg te cfgsg 8§ {Metlp%g%ogg% é(? g%/egg%lh g %ntlcholmerglc
ageatsuvantiadjesanns. dowdviet pm}dﬁﬂ’tﬂinbtglct’ sgenoriaducenheil ewntreeent) memory
negati ve synptons indicate a greater COﬂnl tive

1mnmnf%ﬁﬁéum@'o@ﬁp@rw@g%rbwoﬁymm s agpeapied hggefieit gyndrome.
Th&e&FEM ﬁé n&vPta lﬁ@s@ﬁ{(ﬁ I‘lltlg QQﬂB?&ni&ré@sédqn%a?%e symptoms are

schi zophreni a. Approxi mat patients
asse@ htied opthr eesideereadldi popter smmusydhacgrosesmmd Svhilegnoreinggative symptoms

irment (Palnmer et al., 1999; McG@urk and Meltzer,
mdf@ngoa EIRRIFE %mtﬁ’ﬁd%@feﬂ 1999). The remai ni ng 15% of
patients, who score mnthln the normal range on sone
cognitive tests often performat |evels bel ow those
Cogﬁltlt/mbnonsxalm&smgﬁquwlwy present in hbrc@dtspwgnmat patigaigevith

schgzgpélﬁ?mt Sﬁpp}hz‘(nr%t Sf ( f ‘gzlmg gt/sgvglt ng}z |1rren]1¢auexlhlb1ﬁ some degree of

coghitdiel nipairinéat (IP@Hnéilét AIVRIO9diNicGYrica@iMviEltxs, Z(E)Bt Me@izer and McGurk,
199;éot ivation of alternative regions or 20 increased

tThe Itegn)amngj 5Y%i0h eationts, athoj sepre; veithin ms:srtorﬁl@b@pge on some cognitive
test!s %’Ptgh %? i Igr@tl lg? ?beﬁo@tth@sle’of ‘h’%%gglbll anc? ?5 1n\c/1mf32:tahng that these

vartla cogni'tive I npairnment acro

patizatsi mayphdtérifanctivamigeatieyr falllpotepati. @hé)Snﬂagwell saveeatinormal regional
of cognitive inpairnment, These deficits resent in

brag AT SRR TVIRT R TE DB rE B ARGt oo of IS g eegions or

mcﬁe%pédz&ﬂbﬁaqtsgstﬁi (E@tlténtl'oﬂ iRdocelifd &Mp‘%ﬁ’e& (@@Hkt@ﬁté al 1999). In

Patients Q scores nay better able
spi\vafiadyahialslp iCDgiitlz@nnpmm(egpt eabey paRisnts o‘m.’namhabplmyma bas1cally all

patigl el Fos P GEb T ToRR GO LiesE el PReni i atpsychoric-

nai$& PAtzePRNK R Fifki- egi@ae@sslﬁdo@{r&ﬁmbg QB inRlelich@d cHRARY patients.
, executive function), verbal |earning and nenory,

Pati(nnmwth hghpﬁ%gﬁomdnmbmbqﬁter eble sQayaid pesnital 1;atlogrgg@g|tebf
cofhASR -804, MR eh bl HEAGUno R Budig Probl em

The following cognitive categories are impaired in schizophrenia: sustained attention, working
memory (eg, executive function), verbal learning and memory, visual learning and memory
(visual-spatial), speed of processing and word fluency, reasoning and problem solving, and
social cognition. Although it makes intuitive sense that psychosis should interfere with
cognitive tests, positive symptoms (eg, hallucinations, delusions) do not correlate significantly
with cognitive impairments or outcome (Seaton et al, 1999) or functional outcome over time.

Thought disorder, negative symptoms and cognitive impairments do (Green, 1996, 1999).
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30 social cognition. Although it nmakes intuitive sense

that psychosis should interfere with cognitive tests,
WO p@siopitee synptons (eg, hallucinations, del usPoOnsy20d®011107

not correlate significantly \rg!/ith cognitive

i mpai rments or outconme (SeatoH et al, 1999) or

functional outcome over time. Thought disorder,
N b B T s B8 e S0 BT () BYRhomoror
povisigy). dihsy mo;bldagn) a:lapalrmq:ras mrmmtkmgamemaa's bra steakenmg of the influences

of Sit(?fg‘? h‘lﬁ:\éleogf)se gvp ﬁﬁ)élt B?] ¥€£$EI%%%£ 1t51t1§'§( s to 1m1¥a1red latent
inhiMRRIEMHANY | anﬁorhﬁ?la'té}filhiéﬁBﬁ %ﬁcog?nfltl\%tfﬁﬁéiﬂ)ni% :@fn!pﬁ§31ﬂf1g either left or

previous input on current perception, with links to
rightepegbraédysfanation. i nhi bition and c) abnor nal

| ateralization of cognitive functioning, enphasizing

either left or 5 right cerebral dysfunction. In

In g2a8Qr, dhost PRENtAbWEI HeFativBitabde Edtntivethpaiine during adulthood with a
cognitive inpairment during adulthood with a

relatigplytsmad] ayng«ﬂéﬂephrﬁn rfRmthedMinMgntal StatuinExam §MMBR} patients with
sch?g@ﬁéﬁm%@lgﬂ f“ B ?t@sm%%érr %%/éaﬁg' al?lgom?%sl? %ﬁ%ggﬁk @wthhAlzhelmer
Dispadet e/hbs*.oosetltﬁ Iékhmls @enptartla aﬂ:dmon tke cogniitdvel mqm&m}:nSpnor to the
0|ntsfp ear n addition to cognitiv nt
appsRreRge QiPsyiosisy et %IéOTBtFOIb@?Y; Aerd; gmhftﬁci: fl% pne or two psychotic
epiSHREE FaftlcRldrQN i ErrRGH Wi etchifivd fiRcddnind, sﬁﬁ%t&rm&ﬁ‘l@ry and speeded
psychotic épisodes. Particularly, inpairnent
motex perfioimeacé temds toowonsgq O W e Sorrwemmrys BNRIO8P el@heky after the initial
not.o erform
woBt R AR R D Lo TN P RRreY P pelerzdl gl pgerved n
all RS 0Ekad@ide YhriciofiAE iy pRAEVARDY | ln‘i?re n§1QQ €S anttpd{cHdfic Sreatment. An
i mprovenent is not observed In all tests. Executive
earligriee agerifragsetang aare segasive 9ymm0@§pm@sso@atpé with a greater cognitive
n f
1mpa1r(%ﬂe%§ %’cfém%ég dp ae(,eoe}(g n%ltﬁnogépstuc%g{a lgs oct)é)?c%%j 8Ig§19% an?rﬂsc'ﬁilotlcs
indgaRah& risperidunk) Menzalpmeampfmmmé dequriitpide pigafantly may improve
Al t hough studies with atypical or SDA anti psgchot i cS
cogni{ignda sehizephrenia, élb“e‘feﬁléf&ﬁ% besrraespis merather pmakl; igeensisint or
L X Pk h
ins G B D HiculoRAR (Y iR es AORIPko @l sDAs.
Closmlnhd: has eenssowet entiave the?drongew pbsitveeffect,bosever the antlcholmerglc
d functi onlr%g%%mﬁr ki ng nenory) does not inprove with the
51 1s Ing§ EHRESMHEYER - shown to have the strongest
positive effect, however the anticholinergic side
effects int erfere with recent nenory. In addition, _
In addisiomt reget@wivicncesinggests hat ¢agnitedmpairmentiisrp ajucheetter predictor of
poo% S%%Wugag(}nler{ g o rdee%p(‘lg)(l)rﬁeanin patients with schizophrenia than hallucinations or
delusions (Green, 1996; Green, 1999). Particularly, secondary (storage) memory may be a

consistent predictor of work and social function.

Multiple hypotheses have been put forward to explain the underlying mechanisms of the
cognitive deficits. Abnormal connectivity (eg, decreased neuronal arborization, increased
synaptic turmover, increased white matter neurons, white matter impairments --particularly in
uncinate fasciculus, longitudinal fasciculus, corpus callosum, and in the prefrontal, parietal

and temporal lobe), altered neurotransmitter activity (eg, decreased prefrontal dopamine,
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25 poor social functioning and enploynment in patients
W th schi zophrenia than hall uci nati ons or del usi ons
WO Q@s@em22 1996; Green, 1999). Particul arly, seeonaazops/o11107
(storage) nenory may be a co?sistent predi ctor of
wor k and social function. MITiple hypotheses have
been put forward to explain the underlying nechani sns

dec@asémguta%te%amt& I dé%re‘ﬁ?éd dcbtyfohofihe) wygalco&l@aleﬁﬁé {Whik¥r and Diforio,
eg, decreased neuronal arbori zation, increased

199§¢Nakdt:r ci aﬂ @Oﬁam‘écwcom@ra@ ak 489 Lt ltanura et dr 198 0rsohsensitive

ticularly i
7igife SReRSF pRBRL G Har SrlEaRh iRealed GOl e
dorgdstetal ptch@nil SkXNIDAIPF(aslteddPdlphARbeftenareival ah@pearmacological
altered neurotransmtter activity (eg, decreased

megiraafsmsriesIDidegs@armdockads toRY]. GotigtrRinpEy msszmsmm ¢xtoFpyramidal
side é‘ff%?ﬁcéc‘égﬁeggetgel libé(g)? cl?ré:% 1&{)#%112?%{' §ﬁfy %ﬂobrc%]e n the cognitive

defit8dh; dlﬁhdﬁtf le@dls. &i is a260ited\eitk Ditesaseat gl&iamaieQ&:ll,vny (eg, effects on
Al tanmura et al 991P subsensitive ~7nicot

gray gedprhise metterhand siigplatian oh H-p el Brand I3 6%haqgrﬁs e i gigss). Onan
%&%&&1{6}‘%8{ }ﬁat % % ?1‘;()) di‘éfn%ﬂ:l h@ﬁt@lwdﬁrs%flirzegﬁlghla%%ljé ®¥tter than their

altere receptor activit
malgftanmeagpattogn cagniﬁvmabancbdmg(rmj)pnMg bet(mpo oogihtivcthacipy. This
fJ n PFC, anti chg%l ne(ﬂ_gh nechani sns, extrapyram dal

differegee eAygt PSR thebasjs OHGHRESTS. Ly per cort i sol emi a

may play a mgjor role in the cognitive deficit on
Grdi thidre Mecteayel Biam'vbldrﬁe R&Reh abed inkdhizdpRfehfasRs 1976, when Eve

glutamate activity (e effects on gray and white
Johnﬁpnfefepmmthstﬁrﬁmr@m nsce siudy @ sqhizppheghia. Subseggens G brain scan
stucﬁgs &)n’ﬁnln d 9{1?61%1%1 %gﬁgﬁ{ﬂsm éb&'ﬁ?#a‘irohﬁ% \'V[He?[a‘?ecfgl \;elﬂﬁ{cles (for

group FENtS W Schizop renla SCO

revfréex §ee ereIfdet\)raﬁ IHaniIﬁermi|984)C dhitiaEPPAKE S mmmgemttﬂedea
tests, including respand better to cognitive

hypofep&liy, (Bpehshaush ot i Aghele WBishrpier Bas SRpie Wih THR Iishgles
1ndﬁ§ﬁfaﬁsmﬁ%1 créatd 849&3on (fff @Y dBRbafral SRASSHP fﬁiggg) in schizophrenia

een noted in schizophrenia since
(Berdnem aIEti/Wemhat'ga:s)t anveell apdecteaskdt r’rwrdpllrfschm lanwipsy Tldiss trg, Selemon et

i n s¢hi zophreni a. Subsequent CT n scan .
o) TSN EREPART PG dOS A B ARl Red i horease in

synalssreqahﬁatﬁﬂddéﬂdﬁﬁ& shiabEaRd arB&E‘iahbﬁ | Bridd rmal @ VeRpnft neuronal
see (Gpetz and van Kanmen, 84). Initial PET scan

prugingding on jinbegase fri samaptogglrp@fs rogmraINquyor(aBglz;Ingtgaglmsexlacg|part1cular1y

198 whi ch |
curiioblep RS ol et a05f P il % R as Pefeufils aye were bor
witR/TRfth®ndralal BRI @ha?t@lga@)swlaﬂds gﬁ@ pifueibratakéSHaLBEOnAtEitantly.

Wi nberger) as well as decreased neuraopil from autopsy
Long-{ganaaeny (legainghsequstes neuronal growth and synaptogenes1s

Studies indicating altered neuronal migration patterns, with increased neurons in white matter
areas, particularly in the temporal cortex, (eg, Jakob and Beckman, 1986) have been reported,
albeit not consistently. Such findings suggest disturbances in neurodevelopment. These
studies combined with epidemiological studies of increased incidence of severe stress or viral
infections, or hemorrhage/ischemia in utero in the 2" or 3™ trimester and perinatally (in the
presence of genetic abnormalities) let to the formulation of schizophrenia as a disorder of
neurodevelopmental, ie interference with normal brain development, which expresses it self

during or after adolescence (Weinberger, 1987; Murray, 1987).
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al;). This decreased in gray matter without cell |oss
has been expl ai ned by a decrease in 20 synapse

woO foos/eeaiizon, dendritic spines and arbori zati orrCTDNS2005¢11107

normal devel opnent neuronal pruning and an increase
I n synaptogenesis occur. Neuronal pruning takes place
particularly during adol escence. By the age of 30, we

MR\ R1ddsVARPIWoH@SE meR¥UrPlaskdi@emtFibdQREreWEMMBILEFd @étivity. This is in
with. In the normal brain Eégaptogene5|s and synaptic

addigign éq Hesreasedk el upie de theddhRigAiseaabpye)- Injhealihy eantrofesiwryjation of the
DLgl;y rrtréhggt)al E&%%'lé%ﬁé?ﬁ%f\%ﬂ% og{h%\;}%rpacgggﬁo e, but not in schiz?phrenia.

naptogenesi s es I ndic €red neurona
Exténgiva ips wohoplysictogys MRI i PIET swdize tdene fied alseredicomiiet ®vity and
_matter areas, particularly in the tenporal cortex, .
infoppationneessssng ipkdrgeRhreniadlans Jadditien to hypasretiwty, also increased
L b . SV _ _
actg\{@f\h%%ﬁ%d B8R tahéeé\s/ gﬁp&lﬁvgﬂeﬁ %Tﬁkglztg§ gg’%ﬂ% glérm g certain

ances I n neuro opnent. stu
cogatitx sk WMdCarlepied eyl aldbgetcd). Véithunherevel bramciuegpse dnd imaging

teélhg%g)?,ﬁag'gﬁ{c @Pe{\éﬁﬁ'r cfpcfe:qg ¢ rie,ugcgqi Vgeéfﬁl@riggﬁgieg({fen%h}ogglsrhas%f decreased

artoriz A8 §d AREAShARRIGblehs( §ddrddb&d s RERFERERaPEn) ISRl Cevidence of
abnormalities) et to the formulati’on of schi zophrenia

actagl reugirsblodsrexedpt pebapoofesspaienontical GIAB Aergicnnigrifearans deewis; Benes

. | br.ain.d whi ch i [ o
b 0 ST B OGS ) s
and A8ative Wanp@ah/ 89wdIP2s RS ghit¥@212661tOdnblfbor furfetibARloutcome in

studies wth working nenory tasks identified decreased
sclopgpb®Mt i vity. This is in addition to decreased
volune in the DLPFC (see above). In healthy controls
stimulation of the DLPFC prefrontal cortex leads to
Wit tharedri Onercf0% bEblagnyadumat id whies mhtsér. Watiteimatter develops over time and

schi zophreni a. Ext,ensi ye psychophysi ol ogy, M and
copsfnpes 1 e ERd s HiE T, 64208, PRRIELY BEHHEH R??ﬁlgﬂcsﬁaovsded by neuronal

prlilarglgé’ﬁﬁaaﬁéu%haﬁ [d3§ g%? fa tﬂlﬁte?ff RV R B 3ssBERLIOT arehSlcomplete their

tion to hypo y al'so increased activity was
myedinabn aften theamotior aiens, aeeprsfruotial cotex atedotirsachdall tiiyelination until

ontrols during certain cognitive, task rlie too
Pty P oAb Sy wHoR BEOUEN (DPERE SRR BhEg" A myelination
to b hBBnal LBRNRALA WreqhiBRN M elia M drOR t1Rf uldBateaRSRfprotectant, assuring
neuropi|l (eg, shrinkage of 'neuronal mass, decreased

optimgbneuretrdngmisaien. npasreddnyyinalier wilheaysederscasebeonsingiean velocity,
o SORBh LB A8y SIB0G et o

fukotiBARipgbiain it et RBisiefdec HosievE8e ifslinationas notA@9fdispensable
have been identified. Gay matter decreases _have been = . .
propesty ©of glf@gomltaﬁo% &xppg ean still function without myelination. Myelination is just

one criterion of neural maturation.

Since 1998 decreases in white matter volume have been reported in the PFC, temporal lobe,
perigenual cingulate gyrus, corpus callosum, thalamus, and parietal lobe of patients with
schizophrenia (for review see Davis et al., 2002 and Bartzokis, 2002). In addition, autopsy and
genetic studies have reported impaired myelination in schizophrenia (see below). Alterations
in white matter have been associated with impaired cognition and increased negative
symptoms (Kubicki et al, 2003; Lim et al; Wolkin et al. 1998; Foong et al, 2000, 2001).

Because the white matter volume deficit compared to healthy controls increases with age, a
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and negative synptons, as well as cognitive deficits
and poor functional outcone in schizophrenia. 15
wOo Wose7ieatt er. Over 40% of brain vol une i s WhP€EUS2005/011107
matter. \Wite matter devel ops over tinme and continues
to expand into the 5th decade,” partially making up for
space provided by neuronal pruning and neuronal | oss
dinfifi€Fe ABra1tER iy Blinati APrb R sERdstteeRbu ggae& (B4t RRist GR2003;
conplete theif nyelination after the notor areas, the
Angreadsemn T fellpwiag obemryatings haesadbo begnirepartad; nat i on
until puberty. The dopam ne systemis anong the
| atest to be nyelinated. For normal nyelination 20 to
ocCHr NOARBY: of ABAHAh RINinhSor Rekhsed Gn NYRE (Atkda8h é1Sal): a decrease
the ultimate neuroprotectant, assuring optinal
neumgtlating biagnsgrowth, lardgareassdinigyay/ whide matenmatips cegreaser decline

decyr eased c ction. velocity,, .and expose neu s to
P REE e OMRIE < Yl R g B o R SRR
neuronal functioning, brain reserve and resilience.
However, nyelination is not an indispensable property

of ¢ unct Abrermalisienis oligedergdreglia: still function w t hout
nyekinat.ion. ) :
necPa el Bobbor bl G b, 2% by bhna 279% in
mat fagér VahdIVE (Halv& abe2903Y; ephetRRC aml dabgatbXiydkewpet &l 1972;

| obe, . p%;i enual cingulatelggrus, corpus call osum

t haPaigken etahd 984 Kethayan gk 1§PShat i ents with

schi zophrenia (for review see Davis et al., 2002 and

Bart zokis, 2002). In addition, autopsy and 30 genetic

st udi es Blrvteor Bjavi@pyi dpeimadiese hitrastricireiofi myelin sheath lamellae
schi zgphreni a (see below). Alteration i n whi

mat tBFOREY eorf?éetnows@eloaﬁ@aaﬂ ‘Elh%% &frmra@b@ln?ﬁ?(??a And post-

and i Qe BRGH (VBB aBOPE- OBovsIMh &8l 2@b@ak®nc%99§:inclusion
Limet al; WIlkih et al. 1998; Foong et al, 2000,

200 bpdies Betvaas danndimewlioss ef shraath eompadtuese, heflling ¢Torrey et al, 2000;

co red t thy cantrols i ncreases w th age,

S ooR6n 19 OB stk 08 PGt S amd chaeroff cqlbgsiyor
rryeldnga&érfa[ﬂoo@féma $odwaexhgamaﬁylg gemtnalg, ArBAtiea@dihheRbochromatin in
al . 2003; Andreassen). The foll ow ng observations

havdragtsso chusete andddiG ddranoyy ¢t@bt2080). nor mal nyel i nati on
i ncreases on MRIs (Andreasen et al): a decrease 5 in
relative brain growth, a decrease in gray/white natter

raté os - ABh&HaBtiesiRChidlm: Mein@aiioh WarlVRIrR 868 (MTRY®T Diffusion

associ ated with nore negative synptons. Abnormalities

i n SensidariginggiDTd) measures anoisotropy in white matter tracts. Such MRI studies
have indicated impaired lamination (myelination) in major tracts in schizophrenia and
significant correlations with cognitive testing and negative symptoms. (Foong et al,
2000,2002; Buchsbaum et al 1998; Lim et al 1999; Shihabuddin et al 2000; Agartz et
al 2001; Kubicki et al 2002, 2003; Wolkin et al 1998, 2003). Relationships of MTR or
DTTI with cognitive scores are not present in healthy controls but in patients with

schziophrenia.

Several groups have shown that many of the genes involved in myelination are abnormal in
schizophrenia (Davis et al, 2002; Tkachev et al, 2003; Hakak et al., 2001; Pongrac et al.,
2002; Mimmack et al., 2002; Stefansson et al., 2002). Although these research groups have

replicated in general their myelin related gene abnormalities, not all groups have identified the
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Decreased nunber of oligodendrocytes in PFC (area 9):
28%in layer Ill and 27%in 10 layer V and VI (Hof et
WO a005/02008) ; in the PFC and caudate (M yakawa BCT/@B2005/011107
1972; Deicken et al, 1994, shavan et al, 1998).
El ectron M croscopy: abnormalifies in ultrastructure
of nyelin sheath lanellae in frontal cortex biopsy
san{egelne v@@l th%kn 1n2tQQ Qamyﬁﬁ&%\/)ﬁ ?ﬁnéh}arlé%gﬂge@rﬂ)%laﬁﬂhow an
rten1 rains (M yakawa et al | ovSkaya et
mcmhse 120%)1;1 rclawd@am agivitychié olger Kodpesiyepateats show a decrease in

o5k b5 o SHEE P IR PRES R B Ao ko

gen@rﬁguﬂgﬂtb%fcoﬁﬁdh@ﬁ\g[%ﬁﬁén@s aehjelmaddfigdlly run out later in life, with the
ol i godendrocytes and focal denyelination as in Ms, an

asspqige@ papéd detemeradorointhoseerliler patients.r acts i n caudate and
PFC (Uranova et al, 2000). 20 Abnormalities in
nyelin: Nhgnitization Transfer Ration (MIR) or

ForJehifs|gis€dhnediBAg (ONdysim@tiogal (belih aroliiaqured iy pdthessO bf hijzophrenia
in white matter tracts. Such MRl studies have

(Mg Girecandelrith nif96; Bristprni9980inaYe paspat PHEE Iaiplain thedpfgrmation
proEés?lﬁ%%fﬂ@u?x%plf&ﬂ&%?ﬂe ﬁ@ﬂxn%r%g%ttfef %hnﬁﬂﬁéseizg '\%ﬂﬁ)ut invoking

Ive test tive synptons
whigd matter a%ﬁoﬁﬁ)d]ﬂl,e?.m))ﬂy rBlﬂ:oti;S bmmwealtlaéf th&@8yhitei matedr sa.idles indicated
1999;. Shi habuddin et al 2000; Agartz et a
thadgBeAd iR KT SBorTob s Ao Rgt g I ¢ MEPPh g, ndap gyrticular in the

whitelnatiL ARy, Bhe Qéurwgeﬁfpme@ﬂal h?f)(gtﬁes‘i&%é& upyéh &49 hﬁ&eﬁélﬁnges
not present in health yCOﬂtrOS I n palents w th

exp@themﬂur dnioaset 80 scheraphedni gintulats ddalﬂ@cwh@membaﬁdwﬁhmd The peak

onsgLof SBiBHRERTA Cpoaty oo et §hePhes PP RIagyf gocur as late
as NS LR Hectlde., TROREentRep@isast vititedthatter cRAHYEs inv (H¥ER @lcade of life
al ., 2002; Stefansson et al., 2002). Although these

havegrasigrtehneyrednysloprpatal prchiliseoaneqionrhygeheses marpepasistent with the
ities, not all groups have
clm”%aiﬁ%ﬁafl.ee%‘ %gr%d"f%g‘gé‘%g%‘gg%z PCT/ US2005/ 011107 -7

same genes or observed themin the sane direction.

Particularly épunger patients show an increase in, . .
Braiy unaging gpdipebp\ganevided ¢yidense ofnwes velumss W@@E@ PthYiyypr brain

bloggg%@%aﬁeﬁ]@%ﬁuﬂ%gfoﬁélg% Ui‘.,PCt)ZsQl%g s8h9 %Qcaﬁ%’ lbrﬁmatm@ll)(s) in

ak et Pré: Iy, the f
schidopbreptay Stlemoacoldman-Rakic; Benes). In spite of the evidence from human and

animal lesion studies, that specific brain lesions may cause memory and other problems in
cognition, there is no evidence that such localized lesions are involved in schizophrenia. Brain
autopsy studies going back to the end of the 19" century have failed to identify such specific
brain lesions, even with the improved methodologies of recent studies. Interestingly,
psychosis can occur in patients with white matter disorders such as multiple sclerosis (MS),
metachromatic leukodystrophy (MLD) and traumatic brain injury (TBI), particularly when
lesions occur in the frontal cortex tracts. In MS, the white matter disorder par excellence,
psychosis is associated with white matter lesions in the frontal cortex, while MLD occurring
in adolescence or early adulthood may present it self as schizophrenia. TBI is sometimes
associated with psychosis when frontal white matter tracts are interrupted (shearing).
Schizophrenia, without such identifiable lesions, is therefore associated with different white

matter disorder than MS, MLD or TBI.
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gene activity to overcone the inpairnents in
myelination finally run out later inlife, with the 5
WO amsmgilat ed rapi d deterioration in those ol dePCT/US2005/011107
patients. For years, disconneétivity (or dysfunctiona
brain architecture) hypothese§ of schi zophrenia
(MGuire and Frith, 1996; Friston, 1998;) have been at
I
A R STERIRE M Bl AL OBIRLS 2 coPLAESR Hfohsis of fnctionl
lesiabsiorsehizophiresiaal lim dungtivhad d¢siommak wmet) beGn el itnpaired wbite matter

abnormalitie ) t h | £t ) )
tracip ek TR ypdiBsiE Jo Gt Fricths oM et Sitietal of ighfer atetal tracts e,
decﬂ@fséc%nlm?& NWth DT r MIET IMRB @Pin 1h8 s§R4ptic QRBA &R bfthedRbrons
in particu in the white matter tracts. The

(KLrbeqha oty 20Wp Feenset ahylgo ¢iabiBuchshasm ¢ipbrl 9§Bhf-onaeatizity is the
ab14C Wt g%fetze%rférﬁ)%g%lp erg%lomor&o}{mgu%? ek wgk ?%h g’tﬁ@lj e?ﬁe%ﬁ@eﬁgkgeveral

ence or ear

invextigafordiave Ghow R Pt SYHcArang kSmhﬁmYcQtiB@ bésheeh hfffdiierb llbiram areas is
onset of schlzgﬁhrenla can occur as |late 15 as

AP i iERREN A (EehaBaht. ALTEadIent HnasdmEl figth 1997 Tn other

woﬁﬂ ag g?ffér tq’)r&lH %re{ Ef\LIchg ﬁge(i‘lqg rk lt(%%I ﬂ'ﬁzr nBRYLiktE in the
neur odeve opnent a di sconnecti ot heses nore

noraahfinstienihg wmm ardiincgéniatly clsconratcted. I"Iéueseiahsca)glﬁecnfvity hypotheses

nset into the 5 Brain t udi es
are BRI S LRI TEpiRg! T NSO el Ssoh 9ot peprenpl areas
lea&lﬁélﬁf @dcreaséPoliRedh zfck@%dﬁbﬁﬁ@ﬁééeks%r)bﬁéﬂr&dl @Qb\ﬁ&s witB8ut evidence
DLPC), suggesting |localized brain |esion(s)
of astiial eedplesions ar fcSedrahinss. AQtdrethsymapakstesngie nesa)lredl myelination or both

ite of .the evidence from,human and i mal , 1 esion ..
ma Piyyf o8 clsHSrey B FlnfeR B BB S RimolBt Rt > chltipns have
beeRRgis@f WREhET 1AMt Mattet @BRbririafites ﬁlrgeh@oplﬁeﬁ@ afVbdedGson a
that such |ocalized | esions are involved in

neusedevelopmental distugpasice, as auhypethesized fnrdbe gioy meatishetkanges. Such
0 h e

alterﬁ?cwg rl]xgaé/ c{e]g:Itea?ezlég % Ii]erﬁl ﬁ%@é%&o %Ylﬁn % ﬁ*lelrlﬁ)q¥ rPQ‘?%eQSH%‘péééd aad word
ﬂu&ﬁ&hﬁdﬁﬂﬂ@“&@ﬁﬁeiﬁﬁmwﬁmstudleS I nterestingly,

psychosi s can occur in patients with white matter

di sorders such as nultiple sclerosis (MS),

- r
For R AElY B3] e i B B PR o Fns F B/ AUl o Rl e same
time r(qmtlanionmﬁy) e%dtdratams 1} thllsmylhﬂ)romhﬁy Whimpbammisly rfmng) mdlcate
r.excel | ence chosj s.i s associ at ed

ine{fl 4k O FEr VoA SASTE AT I T G SHC CORPBIES S Y S5y tpidentify

chaAG&UhcoRdLcBBn vBloRRP(i8 Slﬁféﬁ&)eoiozfmlﬁﬁﬁdié/ aAfpUbddRP Xl ebB¥d evoked
present it self as” schizophrenia. TBl is sonetines

respayse CABR2ar Equlﬁ@é@t%mw@am@m’f) renEBG witvietaphigades ko a specified

rep%\ﬁ{t?cﬁ%ﬁ'{lu é‘fj o nt agy rl%ltt!l?ée (%b Fxcshh rénsnl \g%\)ses w1§%?:ﬁ Nl cra% | ?arger than when

newdSiEdire ﬁlilﬁ@nwyt A 1digkf empRfudyiidgests Ffré éﬂflch'JnS pfod@sfsﬁghﬂﬁ]he stimulus
and'\{,gsreatg/rl_ sl:))/nglgro;ll-)l?> IImpalred conduction velocity, either through white or gray matter
alterations may explain the many abnormal (psycho-) physiological tests results in
schizophrenia: decreased reaction time, increased latency and decreased amplitude on AER
(eg, p300, N400, p50), decreased mismatch negativity (MMN), early response of anti-
sacchadic eye tracking (SPEM), decreased olfactory function, as well as impaired cognition

(eg, decreased speed of processing, impaired backward masking, verbal fluency), abnormal
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WD 2005/ 097122 PCT/ US2005/ 011107 -8 A nore conpel ling
interpretation of the data is the conventi ona

wo twposhesi s of functional |esions in schizopghtBO$205/011107

This functional I[esion nay wel] be in the inpaired
white matter tracts such as Uncinate, |ongitudina
fascicul us, tenporo-parietal or fronto-parietal tracts
MR ﬁcuva%ﬁ{eg%%@ cﬁtm.ly?ataémw oMadkiVafid omlffM%}Et &napz[reésrln the
the synaptrc strength of the neurons 5 (Kubic et a
bra003d the omppirsd satial aidifupeticnial oBoehe ba@mzephlam,a 1998).
Connectivity is the ability of different brain
regions to communi cate with each other effectively.
In SRWAEZ! nedalVESIrh @8R N(priMamenaioNgs fniitbms WA aEl@Yn@fome), cognitive
conmuni cati on between different brain areas is
impgitegnéchlteredpshchapprielees a(l@@ghamglm regponsivgness maycrll ke
exp3£$fA€F é)}r??r? gfé%‘,fﬂf ir%@ocor\i}ﬂ%gt?‘htyn(&e e t%%el?l%nct fja?tcmh&ﬁlre of the brain:

eg,ldeereagedtofductioh tvelociy tsbeonl;ﬁr}ntonmhlrédmgélumm @nd Sﬁia[)tlc weakness.
are functionally disconnected. These di sconnectjvit

NegathstsHEptams. §ogi s deficiin pruchrRinystplegical measuses fieh 2y H§I AER p300
(afeh 8 S5 AR hitBRin Hhddifit 60 WIRRHORRIarAEAR of FAGhHEarion
trameferrMRAmagiimprave syithvinipgrovemaw iirdemdecti af vedexi uyadndmyelhnatlon

| esions or neuronal |oss. Altered synaptic strength,

i mpai red nyelination or both my cause this

di sconnectivit al t hou ot her causes cannaqt.
Hygeleppratogee 2 40N EliR RE e AR Brnah “HedBrah {n in the
gerBd1tpBpulakip U@édr&%&ﬁofﬁaﬁ%ﬁhﬂﬁfé@ hed As@b&nlRsRttePRh &he use of

neur odevel opnent al di sturbance, as is hypot hesi zed for

anttmecfgxtlaynqdmatlens thhmaglees Asdcﬁen B ycbragtyi fy59(4):337-45. Newer
decr.ease Jn ces
anSEFAET coRa “FRETaApiyet i R MRy B RGRER O sice
efféfls FEPS)efThe tdcRf EPSH§bél£m/bdlgo B die® i @i 4t velyaugerOdffinity of these
neurons or networks need to fire at the sane tine

ney gytRsiyehice feryoprain naadapanyinergicyeeentaers Siandheinalder. conventional
co&n?érp‘{fljé ! %&9&%} th 'pt i)’?gc) l;orlllqir; i %%)% @eﬁfe@@cﬁ)n . fotthe deve]opment of

Ctlve proce Ing esponses
meCabolibsidelsffects suchdenfor Byamplbaglgese imolemindelaieivodnset type 2 diabetes,

vel ocity. | atency of anplitude, anplit
diajgtic kededs cfgwa ng)r@géaﬁg@ gixsmdenya. B iy et [Qﬁ |Sg}né8phrema Research

Oﬁptentlals (ERP) are EEG wave anplitudes to a
speci fied 25 repeated stinulus. The anplitude of such
brain waves will be significantly |arger than when
neurons fire randomy. A larger anplitude suggests
Diahetes ied gioop @himetabobe dsseangs ofithtcherasteiistid lm)ergmtnga essbeiated with

deffé%t? gtlﬂﬁ]ﬁ %ﬁcg %Prlglg e fl;(lfr oth. ebla%eteg/ is w1del|} recognized as one of
the leading causes of death and disability contributing to the deaths in the USA alone of more

than 169,000 persons in 1992. Its toll increases every year.

There are several different types of diabetes. Type 2 (Non-Insulin dependent) diabetes may
range from predominantly insulin resistance with relative insulin deficiency to a
predominantly secretory defect with insulin resistance. Type 2 diabetes affects more than 15
million adult Americans and the prevalence is increasing. Persons with diabetes experience
significant illness and even death from a variety of long term effects of elevated blood glucose

levels. This is related to the damage of blood vessels in important organs such as the heart,
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alterations may explain the many abnornmal (psycho-)
physi ol ogi cal tests results in schizophrenia:

WO mex0vemzed reaction tine, increased | atency a@ed/US2005/011107

decreased anplitude on AER 3044eg, p300, N40O, p50),
decreased m smat ch negativity MW), early response of
anti- sacchadi c eye tracking (SPEM, decreased
eyl dndddi@iey. function, as well as inpaired cogni tion
(eg, decreased speed of processing, inpaired backward
maski ng, verbal fluency), abnormal WO 2005/097122
IR
Al @ér gfge?é}wl?e]ﬁl&oran{asg‘?og tN? ?F%g ﬁ’oglfc gérczfg trl]léf}(f}%sﬁls unclear, it has
beau Bgsothesizet ehat hisednnihic amdcpomlelylsanmmeegic Smag(ahsrﬂmﬂuces weight gain.
functional  outcone in sc&yi ren|a

Tm%ggggqunév igyRd top‘fqu?Fa B&lq@sgw{iggga g%/iéntists also postulate
th&l&E o ISPY Qﬂ?%(mjs)rg Hggﬂme&e\éﬁ rpaaﬁcfegﬁ@bétg%eltl respbisiVess, resulting in

psychop yS|o brai n-1magi ng responsi véness nay
inggipropyiatel g kg eselimasd nfpesglyeemterBipl Rgychiapyc BiN8dadti 15i44¢8):778-83.

or altered functional architecture of the brain: eg,

decr eased conduction velocity, secondary to inpaired

In 7963 tRAFDANtA8dlit$ ymﬂ HhaVVBPERES for sciegrén £ RMOWh 8Bsypical
cognltlve deficit, échophy3|olog|cal measures such

anaBswh@th&Ethgkddlave labesrivgmiag of ieprasedidel) ofahiabetsailius, there is a
{
hlélgargn cﬁdal %c{ tﬁ&n‘?ﬁ%&p‘vﬁ%ﬁ%‘éﬁhﬁﬁg H‘régarpg\[}téén%ﬁ%q}aké i% aﬁ)\nerse effects

onGiEbde tdg@fhtlbﬂl oltii§ Msavldamaied theratis ®need fioy peprolsAnidiabetic agents to
and type 2 diabetes nellitus are nore conmon in
cogbat tféﬂl’ﬁbéﬁﬁ §PHE®IC-i n the general popul ati on.
G ucoregul atory abnormalities have al so been
associated with the use of antipsychotic nedications
KthEissetolage-dépanideiddiy El$‘cymbli fatind/thr@@ghduvgpe CNS as well as in other

tlssgtgdfb]@i(;dej?ﬁg(giﬁﬁmrﬁe@ as S ¢ Ot | C?ﬁﬂﬁi&fzement 0? glucose-stimulated
1n§?fﬁ1rré‘1@¥srea'n 9@\50%19 %le&fv@%ﬁoﬁex(cﬁ'?@ KvNEchAGK [Bfs Pﬂ?& deRivative (C-

believed to due to the relatively greater affinit
1)b¢nhtah@@lumwmuhaMyEMnurelsaSﬁdMac@pnddr¢t al, 2002). Kv2. | channel

nerg ors. t han
bIAER el EoliEE M PubARBaL 01t RapEhe Ren ek doas:
Madlbdnald ot amob;ez(y()g;pon& ble for the devel opnent of
net abolic side effects such as, for exanple, glucose

i ntol erance, new onset type 2 di abetes, 20 diabetic

Bl%?\{a(ag(ér] ﬁ(ﬁ '3Sch§1m?9 r}gcéwlﬁ %E%%}%W\B‘Sr 115&? 25 ?rilSéll—'n se]ﬂsﬂl \fftty In mice

I zophreni a searc
(Xﬂlfet agcabbl IIn:detéd,SléaBﬁ&nml{ butchiae gaiheeds stdight than controls when fed high

TN R AU AN R T

recogni zed as one of
A compound which blocks either the Kv2.1 channel or the Kv1.3 channel, or both, may act on
pancreatic B-cells to stimulate insulin release, especially glucose-stimulated insulin release
thereby making it useful as an antidiabetic agent. Furthermore, a compound that additionally
has the ability to enhance conduction velocity and repair white matter should provide a new
and useful antipsychotic medication, i.e. one without the propensity to induce diabetes in the

schizophrenic patient population.
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contributing to the deaths in the USA al one of nore

WO 205097189, 000 persons in 1992. Its toll i ncreagass2e0sanyl07

year. There are several different types of diabetes.

Type 2 (Non-Insulin dependent) di abetes nmay range

frompredom nantly insulin resistance with relative

i nsulin deficiencyStnMMARY OFadINTNYENTIOBECK et ory

defect with insulin resistance. Type 2 diabetes

affects re than. 15 mlljo dul.t ricans and.th .
Thﬁ Ansiapt ép]@g:apgn PIOY} é§i%%’°45éfpe§gﬁ%0”{}ﬁ g c%ﬁieé&slg%lg%teg msul?n release in a
pafeR el h&AGRerest. gl‘Hefihﬁﬁxﬁtaniiédﬁ%ﬁ 2180 R¥E& N Rembl of sl

variety of long termeffects of elevated bl ood gl ucose
schizaphirenia Tid/er glecaregudatery abnormhaitigaremerisng bilwodstemes@fenpound of

in.jngportant orga such as the heart, WO 2005/097122
FOE@%FE%QGB%V%&fl%*ﬁﬁbqﬁeﬁeye, and ki dney. Although the

preci se mechani sm of the anti psychotic-associ at ed

di abetes is unclear, it has been hypothesized that

hi st am ni ¢ amkEPOR AP DESERIPTION IOF THETNAGNTEIN

i nduces weight gain. 5 This antagonismis believed to

cause changes in glucose regulation. Scientists also
Unted ‘Sﬂtgst &gﬁll}%{ioff' %r%fl% '16/678‘1’6 AL ST YU  AFFOLEESSF formula T

pancreat’i eta-ce responsiveness, resulting in
providpumifié edrabiyiatiaofi isckingprapettiby foe bgthythe poassiiBnahd sodium

Psychi atry. 1998 Qct 15;44(8):778-83. 1n 2003, the
charmglsg tTﬂselgllgqesc%rggpqqoarpfpﬂ%%% Rrom@%mpza}s that these compounds are

- I I Ly

o ARt RSt e B MR S e RS r L6itons such as
muliiplb etlemsisTpisgl colenpiry grawmahic Grainmyety amddirokd. Tbedl %1mpplication

find new anti psychotjc the eutics that. have no
ol RIS A e EapOds e BB R ORE O RS tiiggment of bladder
irrRARANantRBEUh BRI tHetrtNER Gf VREeraBheMSEn@Mdueé PP (iicluding

agents t0 conbat the diabetes epidemc. 15 Kv2.1 is a
arthpli¢ peje) awbwvdenathikpaishannel found throughout the CNS

as well as in other tissues. Blockade of Kv2.1

channel s has been |inked to enhancenent of

gl ucose-stinulated insulin release. A putatively

sel ective bl ocker of the Kv2.1 channel [bispidine

derivative (C 1)] enhancesswlucose-stinmulated insulin

rel ease (MacDonal d efqya 2. hanne

bl ockade is beli eved(tF%)EB1 e S E*e p((i)qéfﬂ pr andi al

insulin response (Roe et al, 1999; 20 MacDonal d et al,

2001; 2002). Bl ockade of Kv cfjannel s has recently
been shown to increase ins@ri lsehs'tivity in mce
X
T

(0)

P
I

wherein
misO,1or2;
nis0,1or2;

pisOorl;
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(Xu et al, 2004). Indeed, Kvl1.3 knock-out mce gain
| ess wei ght than controls when fed high fat diets (Xu
WO et05ah7122003) . 25 A conpound whi ch bl ocks ei t P€T/UST005/011107
Kv2.1 channel or the Kvl.3 channel, or both, may act
on pancreatic n-cells to stirulate insulin rel ease,
especi all'y glucose-stimlated insulin release thereby
MekiRE R s ikkpEidend§ hbro3dh,iHd LR thiflus@ARithyl, C)-Cealkyl, C;-Csalkoxy,
Furthernore, a conpound that additionally  has the
abi banzyloxy, hsdnein alttorrduinon vel ocity and repair
mhlte tter, sho vi de ef u
ant CRaVRHo PRl B GResr G CIRT RS,
pr oQeCsilkahoyn halbdes & yah@PEI@T, LTxalkys -CsCRalkIRAEEN] ;-
patlent popul ation. WO 2005/097122 PCT/ US2005/011107
- 11CaUMaRNROR” PriEreinRERIg BN angeach prdepgndeafy hydpgenar Ci-Cealkyl,

PLS 1-<§ﬁ§ ease 6X9fC6 P%LFﬁﬂgﬁﬁgggﬁ?ﬁg#%g¥q&§ﬁ§°“Orcr

I nsCatitylappl i cati on also provi des a net hod of treating
Iucore ul at or

schj zophreni a and/ or a ities
conPris @wﬁ@g%@nﬁq@?@# %H@OH&" ¥ HB%’&%X &ft%r}@ qzswmdaow qrenzyloxy,

a Pelcellkerdyd le@duityasl eof . DETAI LED DESCRI PTI ON OF THE
k&%ﬂ eeﬁlﬁedgéegs Application Serial No.

10/ @IGzIB-lcedll@bloms&s—NRaR” wheregroRp outidSsadif yléror fiuICaalkenylene or C;-

For ook B RE0 Bhs BRh iRamrocHERIR oS G T

uni gen£QBBI thakiap -NR R ackiwhglels eRsiioligmyleans t hat
t hese conpounds are useful as therapeutic agents for

t he Roi > Bitrogaminel halagann &1salkaxy diydroxy on i tGeakkyl.
such as nmultiple sclerosis, spinal cord injury,
traumatic brain injury and stroke. The 191
Deﬁmﬂbﬁgation al so discloses that the conpounds are
ful for stroke rehabjlitation, the treatnen

1) B geplkylong r Uniess odteruig siatpdron iidisasd. thaferm éQ%yllreﬁ»rt“alkylene
meﬁ’x{s ViraG&edor Is%%l@lg%hﬁeﬂkﬁ dy ﬁﬁ(?leﬂé gﬂ)l{p' ?%s %Bfer&?yﬁte tq the formula,

art ritic pa neuropat
specified by the amount of carbons in the alkyl, e.g., C;-Cs alkyl means a one, two, three, four,

five or six carbon branched or straight chain alkyl or alkylene, as the case may be, or any
ranges thereof, for example, but not limited to,C1-2, C1-3, C1-4, C1-5, C2-3, C2-4, C2-5, C2-
C6, C3-C4, C3-5, C3-6, C4-5, C4-6, C5-6, etc.

2) C;-Cealkoxy -Unless otherwise stated or indicated, the term C;-Cgalkoxy denotes a straight
or branched alkoxy group having from 1 to 6 carbon atoms. Examples of said include
methoxy, ethoxy, n-proxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, t-butoxy and

straight-and branched-chain pentoxy and hexoxy.

3) Halogen - Unless otherwise stated or indicated, the term halogen shall mean fluorine,

chlorine, bromine or iodine.

4) C,;-Cgalkanoic acid - Unless otherwise stated or indicated, the term C,-Cgalkanoic acid
shall mean a carboxylic acid in which the carboxyl group is attached to hydrogen or an alky!l

group of from 1 to 5 carbon atoms.
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N IN cl~ R (Op 20 wherein mis 0, 1 or 2; nis
0, 1 or 2; pisOorl; WO 2005/097122 PCT/ US2005/011107

WO 200209a2h R i s i ndependently hydrogen, hal ogerGT/US2005/011107

trifluoronethyl, Cil-C6alkyl, - C6al koxy, benzyl oxy,
hydroxy, nitro or amino; each IS i ndependently
hydr ogen, C1-C6al kyl, Cl1-C6al kenyl, G -C6al kanoyl
5) I@ll @&ﬁ(&noﬁyﬂ’ﬁﬁ’@ teng(@)@lﬂkgﬁ 1kKhn me%a%ﬁﬂp@ﬂtﬁﬂ&ﬁ% rerrfal'mg a
['eneNR R' wherein and R' are each
hydmdyegm@e"mm yhergadraxybgroop om%alk hoic acid, and thus it includes for

1ns_§]c'?]%pgg eetgf%t% %QCE@J? t(e}(rlﬁi &én%%@%‘a sﬁ el grall mean
groupk b@ﬂﬁﬂx'eh%y&éh’ﬂ@h(h:g tatheydr tglﬂodpaﬂr@gelﬁe cdﬁw&(y@?bu@rof alkanoic acid,

benzyl oxy, al ke 1- C6al kyny
alkempo @gid @pd jakgynoicaeid, F@pqsqp;ve]y Thwsrfer msﬁgcep dinoleyl group derived from

infh Rl 14 ERBmpfe T CRALKRIHL RN 0l 0L kyny! ene and

are depén rogen, Cl-C6al kyl
or alternatively the group - NR R' as a mhole S
1-pyrrolidinyl; and R3 is hydro nitro, .am no
“gﬁ@'g@ﬁeutgg m%ﬂepw saHy d‘fﬂ%@(&? ey erCaIl %pq@tpon saitgpr a basic addition

B S B (P £

means a branched or straight chain aIkyI or alkylene
I)) g‘%gzllj ’acgusticiaﬁy %gééi)t % CI z%t]cF aJdmon saltf 18 any non -toxic organic or inorganic acid
addition salt of the base compounds represented by Formula I or any of its intermediates.
Illustrative inorganic acids which form suitable salts include hydrochloric, hydrobromic,
sulfuric and phosphoric acid and acid metal salts such as sodium monohydrogen
orthophosphate and potassium hydrogen sulfate. Illustrative organic acids which form
suitable salts include the mono-, di- and tri-carboxylic acids. Illustrative of such acids are, for
example, acetic, glycolic, lactic, pyruvic, malonic, succinic, glutaric, fumaric, malic, tartaric,
citric, ascorbic, maleic, hydroxymaleic, benzoic, hydroxybenzoic, phenylacetic, cinnamic,
salicyclic, 2-phenoxybenzoic, p-toluenesulfonic acid and sulfonic acids such as
methanesulfonic acid and 2-hydroxyethanesulfonic acid. Either the mono- or di-acid salts can
be formed, and such salts can exist in either a hydrated, solvated or substantially anhydrous
form. In general, the acid addition salts of these compounds are more soluble in water and

various hydrophilic organic solvents and which in comparison to their free base forms,

generally demonstrate higher melting points.

8) “Pharmaceutically acceptable basic addition salts” means non-toxic organic or inorganic
basic addition salts of the compounds of Formula (I) or any of its intermediates. Examples are
alkali metal or alkaline-earth metal hydroxides such as sodium, potassium, calcium,
magnesium or barium hydroxides; ammonia, and aliphatic, alicyclic, or aromatic organic
amines such as methylamine, trimethylamine and picoline. The selection criteria for the

appropriate salt will be known to one skilled in the art.

9) “Stereoisomers” is a general term for all isomers of the individual molecules that differ
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specified by the anount of carbons in the alkyl, e.g.,
Cl-C6 al kyl neans a one, two, three, four, five or

WO ®03090e2bon branched or strai ght chain al kyl Parm/us2005/011107

al kyl ene, as the case may be,_@[ any 20 ranges

thereof, for exanple, but not Nimted to, Cl-2, Cl-3,

Cl-4, Cl-5, -3, C2-4, C2-5, C2- C6, C3-C4, C3-5,
onf3inthe SentatidrotBheifRoRis i€ bgace 2t ifidiud&ahik@¥ Ymagdnb&rhsrs

otherw se stated or indicated, the term Cl-Coal koxy
(crdwtiomess), geemeticghis/trapg) iberaers and is0mRet pf eeroppnga withgnore than one

from 0. 6 _carbon atons. anpl es _of said i ude 25
ehighRey s iRy o naEs: of SR TRaRs ot indige

i so- but oxy, sec-butoxy, t-butoxy and straight-and

br anched- chai n pentoxy and hexoxy. 3) Hal ogen - Unl ess _
10pt ‘Ratisqit' s meansqi Warny ploogdefl @umal sughys fopeXami¢ ByaRiCeHdags, cats, guinea
. L yar | [ ne, brom ne or iodine. 30 4)
pl%ﬁ%@'{"ﬂ&a{ﬁ%lﬁ%hgéﬁgh%%nl ess otherw se stated or

i ndi cated, the term Cl-C6al kanoic acid shall nean a

carboxylic acid in which the carboxyl group, is ,
103t Tch el ‘tirsatielr BEA 1o plloyiate sxppomsy Eﬂrgmafe the GAHsatiqotghe

: U

S R R P oy il Yy Mieopbarance of
sygpoup dbbanameel diyordemmcondjtian. hydr oxy group fromthe

carboxyl group of a C 1 -C6al kanoic acid, and thus it

i ncludes for instance fornyl, acetyl and the I|ike.
12Y heht@peicall K affedtive atlokBiTaNdans AGuahtiky RO c%h?iohndf%ﬂzh is effective
~ groups obtained by renoving a hydroxy group fromthe
in gaatingdhe ngmedigiserden idisgprgias cardition.5 al kenoi ¢ aci d and

al kynoi ¢ acid, respectively. Thus, for instance,

l'i nol eyl group derived from linoleic acid is an
138 x PApIntaceitidall at@prabdd degmiay lis @portefxingdvenalispersant, excipient,

“Pharmaceutical |l y acceptabl e salts" neans _ either an )
adiaypef of @éher msteriph Mhichris mixedsvih Sechctive neredignt inprdghtoj permit the

nat.i-hl i n o i .. .

foffiPRA ot rhasthde e BRI ke h 4Bl PRSI of Sgminstration to
theptdiehi. dDnes@daniplé of sl acamier Gxd phavmgeriticalby adcepmalgawildypically used

acid %id't,i on salt of the base conpounds represented
forRaremieral AGMNISFAUGhy of its intermedi at es.

IllTustrative inorganic acids which formsuitable salts

i ncl ude hydrochl oric, hydrobromc,
14) “Glucoregulatory abnormalities” means abnormalities in glucose regulation. Such

abnormalities are associated with a variety of diseases or conditions including, but not limited
to, excessive weight gain and obesity, hyperglycemia, glucose intolerance, type 2 diabetes

mellitus, diabetic ketoacidosis and hypertriglyceridemia.

15) “Antipsychotic agents” refers to antipsychotic medications that have metabolic side
effects. Such agents include, but are not limited to, Clozapine, Olanzapine, Risperidone,

Quetiapine, Haloperidol and Fluphenazine.

16) “Schizophrenia” is a disorder characterized by a mixture of signs and symptoms (both
positive and negative). These signs and symptoms are associated with marked social or
occupational dysfunction. They involve a range of cognitive and emotional dysfunctions that

include perception, inferential thinking, language and communication, behavioral monitoring,



sul furic and phosphoric acid and acid netal salts such
as sodi um nonohydrogen 15 orthophosphate and potassi um

wo Jdogzhveen sul fate. Illustrative organi c aci deCmhis2tns/011107
form suitable salts include_ggg mono-, di- and
tri-carboxylic acids. Illustrative of such acids are,

for exanple, acetic, glycolic, lactic, pyruvic,
affB®| AiM ey ahill 9Fddﬂbﬁv1t>g$ﬂihaigh@ and SBRER, thedéva t&pacitRMofitibk and drive,
citric, ascorbic, maleic, hydroxynalelc benzol c,
anﬁy@@@%&ben20|c phenyl acetic, cinnamc, sallcycllc,
2- phenoxybenzoi c, p-toluenesulfonic acid and sul fonic
aci ds such as 20 net hanesul fonic acid and
Chirdapedisax yehiame Sall fnedivio Biohd catbgdriess pdshevermddegaive. Positive
di-acid salts can be forned, and such salts can exi st
5 symptogstrBect an gyesss prdistosim efmoamal fuges a Negati eysymptoms reflect a
r
NG g 8l RnBERT o Syplfhafdbad 88 37 e isorions
in mu'gh:tuﬁmfeyldfdahhldnsp pecgaitna hslblcvertioas)aadgwdpeahnd ithought process
(dl%%%é(f %{2@5]}31 : hel rpféérfi%g% b %l%)aé/?cgsrésrogﬁelg%lsorgamzed or catatonic
behdVid. nﬁegé{fv'e‘é?ﬁﬂp%n?sclﬁ@lﬁﬁémeQOﬁ@ﬁn% AddiclibMNinSRd fahge and intensity of
nmeansS non-toxic organic or inorganic basic addition
10 emotibnd eapresshel @éﬁep@mﬂ:gteomgbfon the Buenicy and pmdyctuflt)q afghought and
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potassium cal cium magnesi um or barium hydroxi des;

anmoni a, and aliphatic, alicyclic, or aromatic organic
Paswuhlrﬂayrm@fegqé aregeompennds whareia R isrydeagey hategea. @iflgoromethyl, or Cy-
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15  Cgalkylesranlapentnd'p is®. aFgeie pfferiey donipiundd dre itlso3e®heredi the amino
the individual nolecules that differ WD 2005/ 097122
It irEhed fothe fapesitionf g Byriding greupy iAdpR Biefestedgre compound of
[ [
Fofi T R R SRSl By Rhe Bib flon FRR YRR Sup.
i soners of conpounds with nore than one chiral center
that are naot mrror gfs of on oth

Evepmozs partiph g%h@%ﬁ)ﬂedsara ¢ COBIPOIR HH’& gs I [glsp kpown herein as
20 HAkIRd @ﬂ(aaﬂbmm-pmny@wp% y%%h?l [indd12- qea-mlﬂ%)d I (also

cats, guinea pigs, ‘and prlnates such as humans
knoWn betetn av"8183'9atThegompeunds of foralulasuVaVe Ve ynghvVdhare also particularly
$Ji ] nate the causation of the synptons either on a
ﬁ%%rary or permanent basis, or to prevent or slow
t he appearance of



10 synptons of the nanmed disorder or condition. 12)
"Therapeutically effective anobunt” neans a quantity of
woO MWbosgcpound which is effective in treati n@are20smedio7

di sorder, disease or conditiogg 15 13)
"Pharmaceutically acceptable carrier” is a non-toxic
sol vent, dispersant, excipient, adjuvant or other
material which is mxed with thesactive ingredient in
order to permt the formajon of a pharnmaceutica

conposition, i.e., a dosi \gapable of
admnistration to the pg .
carrier is a pharmaceutica

(he exanple of such a
adpreptable oil typically
used for parenteral adm nistratfon. 20 14)
"d ucoregul atory abnormalities" /heads abnormalities in
gl ucose regul ati on. Such noryal ities are associ at ed
with a variety of diseases\pr itions including,
but not limted to, excesd\ wei ght gai n and
obesity, hyperglycem a, glucose intol erance, type 2
di abetes nellitus, diabetic kéHoacidosis and
hypertri gl yceridem a. 25 15) "Antipsychotic agents”
refers to antipsychotic nmedications that have
net abolic side effects. Such agents include, but are
not limted to, O ozapine, A anzapine, Ri speridone,
Queti api ne, Hal operi dol and phenazi ne. 30 16)
"Schi zophrenia” is a dikord-r characterized by a
m xture of signs and symFonsNboth positive and
negative). These signs and sy ons are associ at ed
with marked social or occupationgl dysfunction. They
i nvol ve a range of cognity¥ve-and expti ona
dysfunctions that includg pe }%on, inferentia
t hi nki ng, | anguage and c I ca n, behaviora
noni toring, WO 2005/097122 PCT/ US2005/011107 -15
affect, fluency and productilvity of thought and
speech, hedonic capacity, volition and drive, and
attention. Characteristic synptons fall into two broad
categories: positive and negative. Positive 5 synptons
refl ect an excess or distortion of normal functions.
Negative synptons reflect a dimnution or |oss of
normal functions. Positive.synpt/ons include the
foll owi ng: distortions N\

N

\

N—H



10

15

20

i n thought content (delusions), perception
(hal luci nati ons), |anguage and thought process

WO J005/e012ani zed speech), and sel f-nonitoring @fCTnesr008/001107

(grossly disorgani zed or cataq?nic behavi or) .
Negative synptonms include the follow ng: restrictions
in the range and intensity of 10 enptional expression
(affective flattening), e fluency and
productivity of though peech (alogia), and in
the initiation of goal behavi or (avolition).
Particularly preferred 3 ounds wherein Ris
hydrogen, hal ogen, trifluoro hxy(\BT Cl- Coealkyl; R1
i s hydrogen or Cl-C6al kyl; i's hydrogen or

Cl- Coal kyl; R3 is hydrog n, Gl 15 Céal kyl or hal ogen;
and p is O. Furt her pref&rreg conpounds are those
wherein the anmino groupN=sZattached to the 4-position
of the pyridine group. Also g[eferred are conpound of
Formula | wherein R3is amno and is attached to the
3-position of the pyridine group. Even nore
particularly preferred are the conpounds of fornulas
Il [al so known herein as 2¢€ 84 or
N-(3-fluoro-4-pyridinyl)
N- propyl - 3-net hyl -1 Hi nd ¥ne] and Il (al so
known herein as "8183"). TI pounds of fornulas 1V,
V, VI and VIl are also particulaNwy,, preferred. CC N
NF NII WO 2005/097122 P 005/011107 -16 N NH

F NIIl ()3NN (
N/

Vil

The compounds used in the methods claimed herein can be synthesized via procedures
disclosed in United States Patent No. 4,970,218. All patents and other publications cited

herein are hereby incorporated by reference.

With the ever-increasing evidence of white matter impairment in schizophrenia over the last 6
years, the methods claimed herein should have efficacy in schizophrenia, based on the effects

of the compounds of formula I on conduction velocity and white matter repair.

HP184, for example, increases conduction velocity and may increase myelination in
schizophrenia. HP184 and other compound of formula I would therefore be expected to
improve cognition, decrease negative symptoms and improve functional outcome in patients
with residual symptoms after treatment with other antipsychotic medications. Without
wishing to be bound by theory, it has been hypothesized that residual symptoms and cognitive
impairment are due to decreased conduction velocity, preventing antipsychotic drugs from
being fully effective. Other mechanisms of HP184, such as enhanced release of cortical
dopamine (prefrontal cortex), acetylcholine (temporal lobe) and noradrenaline are also

expected to play a role in the hypothesized cognitive and clinical improvements. As
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NH2 NIV 5 GN NH/ IINH V W 2005/097122
PCT/ US2005/ 011107 -17- N Nom ON VI C NHOQOV

WO 20151097132 The conpounds used in the nethods cl aCm@82005/011107

herein can be synthesized via,procedures disclosed in
United States Patent No. 4,976,218. Al'l patents and
ot her publications cited herein are hereby

schiBSpHrORh & Reodited FiBRLRBECE ;buwcstrthwiﬁcaw%tejna@dtm%s)ir Aging neurons,
. evidence of white matter inpairnment in schizophrenia

impyavementeof] cpaedudion shoyld ke possihle Wit inpaevesIeal HeiPghBveiimpairment and
shoul d have efficacy in schizophrenia, based on the

HC%Qngygm<b >t he compounds of fornmula | on conduction

velocity and white nmatter repair. HP184, for exanple,

i ncreases conduction vel ocity _ and g&m@increase

It hgsarophbaen shiscpyered tyt sasppruads af foupy ok the Ka2-1 and Kv1.3 channels.
Co gﬁpglitﬂ fsuél’%cﬁ'\"!t sllnougg gl'o@léenfsreﬁfl gé&tpﬁ) tfeab g%Err@g gl%]gtory

I nprove cognition, rease negafive synp
abhorpiabivies §uchas hgpaplyoerhimamd type pdiabent sellisg Sucksbohipaiinds should
a]s,%égir) %g{&? %atfgéa%\rgﬁ% 'aE)p I‘Qltlic Vl\)/lattiehnt%togl?lratignnt IaP }?Q/S%régltl }d%ntified as having
an increased risk of developing diabetes. The differences in glucose regulation in the
schizophrenic patient population may be related to the disease itself or they may be

medication-related.

Previously, HP184 and other compounds of Formula I have been shown to inhibit potassium
currents in PC12 cells. This blockade is consistent with a voltage-dependent block, and has
not been fully characterized. Recently, applicants tested HP184 to see if the compound could
block Kv2.1 and Kv1.3 channels. As stated earlier herein, blockade of Kv2.1 channels has
been linked to enhancement of glucose-stimulated insulin release. In the examples that
follow, HP184 is shown to block voltage-activated Kv2.1 channels in both Syrian Hamster
Insulinoma Cells (HIT-T15) and U-373MG cells expressing the‘human Kv2.1 channel. The
magnitude of the blockade result was rather surprising since 4-amino pyridine (i.e. “4-AP”),
another potassium channel blocker, showed a much lower affinity for the human Kv2.1
channel. Furthermore, as previously disclosed, HP184 affects neurotranmsitter release in a
different way than 4-AP. From rat brain slices, HP184 enhances the release of
norepinephrine, acetylcholine and serotonin in the absence of added calcium, whereas 4-AP’s

neurotransmitter release enhancing properties are dependent on added calcium (Smith et al,

1993; 1996).

It is also interesting to note that HP184 does not interact with muscarinic, 0;-adrenergic or
serotonin; 4 receptors, nor the noradrenergic or serotonergic uptake carriers (Smith et al, 1993;
1996). This lack of interaction at serotonin; s receptor differentiates HP184 from several
atypical antipsychotics which are believed to be responsible for the increased risk of

hyperglycemia and diabetes in the schizophrenic patient population.
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wi shing to be bound by theory, it has been
hypot hesi zed that residual synptons and cognitive

WO 200p@rr2eent are due to decreased conducti on PETasS2e0p011107
preventing anti psychotic drugﬁgfron1 being fully
effective. OQther nmechani sns of "HP184, such as enhanced
rel ease of cortical 20 dopam ne (prefrontal cortex),
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useful agents to treat glucoregulatory abnormalities
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suB&HYIERR BF2E] whiPREEGAE gRRIBM-Bldepdhdeh@rhatiRe. HPE84 and other compounds
identified as having an increased risk of devel oping

of Hoavga & may beeligrt fecasaneonathdrapyyrgsosser alismatinelyda almnetiberapy to

10 schi zophreni c tient. population na > T t
o TS0 IR Tbelfed S ol oot
2 diRvdsigenty, BPlI 84 and ot her conpounds of Formula I

have been shown to inhibit potassium currents in PCl2
cells. This bl ockade is consistent with a

In t}ée}%g}égg?ét?ﬁ%g ggﬁ&%& \x}?tlh?ﬁcéfmdﬁﬁq d? Ak ordkr dg%hb%?ﬁg)]\f%,% !t:%npound of

ecent |y, applicants teste
forragla ()fcath be admiriaened ircony fbrial @ ehodéwhidh miaklesittié c@npound bioavailable

in tﬁqﬁmlpéi@cﬁ%@éﬁgpqﬁgﬁ&}%ﬁag Z),r;fﬁféfg ! g{fahgfg gu&fall;ivs%bc}utaneously,
intrfgthg%‘c‘?&?lg? fﬂéfv%?érﬁl)tgl air?r;sﬁléﬂﬁlgh\}\{x,e {r@ﬁ% ifsgg k,r}eétgﬁ’yﬁ?fﬁlgmﬁ and the like.

Onesiilabie-the tit ohpredaritgfotmuhtionetas deterotethSpropanform and mode of
Hanster  Insulinoma.Cells (H T-T15) and 373MG cel |'s

oSG FEPoTHIEE HOLA R et o RSt 81 9 SHIAPE G ccted for the

con@ftichR de2ea8e teasd| the ¥iage bthbAlsesde! (AE icShdifo® b®E patient and other
4-am no pyridine (i.e. "4-AP"), another potassium

releyhrtrptiglmblanedse For extovel sae RammgtovePhasmpeaquticyl Jcgmces d 8th Edition,
u - Kv2. §%g® nel . ? t:her evi ously
Maglf g@ﬁbssﬁgl&é% [}’dﬁ?oerg ré{erq 2%?%? r[)zﬁerr%% f ?ere'r release in a
di fferent way than 4-AP. Fromrat brain slices, HP184
enhances the rel ease of . ,
The compounds of Formula I may be administered as monotherapy or adjunct therapy.
The compounds of Formula I can be administered alone or in the form of a pharmaceutical
composition in combination with pharmaceutically acceptable carriers, the proportion and
nature of which are determined by the solubility and chemical properties of the compound
selected, the chosen route of administration, standard pharmaceutical practice and other
relevant criteria. Further active ingredients may be combined with the compounds of the
formula I in particular for a synergistic improvement of the effect. Administration of the
active ingredient combination may take place either by separate administration of the active

ingredients to the patient or in the form of combination products in which a plurality of active

ingredients are present in one pharmaceutical preparation.
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dependent on added cal cium (Sghth et al, 1993; 1996).
It is also interesting to note t hat HP184 does not
interact with nuscarinic, a2-adrenergic or
serotoninl A receptors, nor the noradrenergic or
serotonergi c uptake carriers (Smth et al, 1993; 30
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fes agents.” In treating a
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|
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methyl salicylate or orange flavoring. When the dosage unit form is a capsule, it may contain,
in addition to materials of the above type, a liquid carrier such as polyethylene glycol or a fatty
oil. Other dosage unit forms may contain other various materials which modify the physical
form of the dosage unit, for example, as coatings. Thus, tablets or pills may be coated with
sugar, shellac, or other enteric coating agents. A syrup may contain, in addition to the present

. compounds, sucrose as a sweetening agent and certain preservatives, dyes and colorings and

flavors.

The compounds of Formula (I) of this invention may also be administered topically, and when
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rel evant circunstances. For exanple, see Rem ngton's
Phar maceuti cal Sciences, 18th Edition, Mck
woO Wednorshi ng Co. (1990), incorporated herein PCT/US2005/011107
ref erence. The conpounds of ngnula | may be
adni ni stered as nonot herapy of 'adj unct therapy. 25 The
conpounds of Fornmula |I can be adm nistered alone or in
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pharmaceutical practice and other relevant criteria.
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progy lél’feegychﬂ of ehar @tneh@d Rolvests S ﬁttllbacftelﬁ)zil atgblets aadhi asebenzyl alcohol or
Ingredients to the patient or in the form of

methg R APST BHiopidants Soh ppsgprbRracid P Spdim piguliite; chelafjag agents such as

S
o O ST R 0 FRRTRSTAH Elpomgys s o

the kdjosthvent afabniciey su@xrasdpéimnsclﬂcbrate aralgxtresec dﬂlethltmeparatlon can
nds of the fo la | includ anti.di abetics
be SiERebIn s, dSetbtSdntra s radie Ao tineu | o
derivatives such as, for exanple, Lantus(r) (see

www, | antus. com) or HVR 1964, fast-acting insulins (see
Thg h@l)ﬁh@bllm}ers @npdep amépaxbama(pe@nyg@‘ﬁasag thef gresent invention are

ca@?%}] Sil(]StN‘lgg e eag;leS Cl ﬁm‘g als %ez\gleggé ﬁy pegafa?ﬁ%l\&\fpor? about one to four

weeROWREH R)Bﬁqﬁlate_ﬁ%d(hﬂﬂhlhlyteﬁfdfa@ et répaRRDInY,GR forexasiple/ @vhen injected
i ngredi ents include, preferablg% sul f onyl ur eas,

in PEPSHY erlpeted phasgRetutispliwaccepirblgiody diedirefededausare of vegetable
ong 's%lél? laé Qésfﬁﬁg @Pﬁmn%ea%ﬂs&&ﬂ%ﬁ &&%h@t’ c;lp bea{@I HC&%%I and the

ntagoni sts, agoni sts potaSS|un1éha opener
like Ltﬁhh@Sare fsymhmcaamlrsaof fahpaeds 4l pblgfuhos@a] alooMis such as glycerol or
97/ 26265 and WD 99/ 03861 of Novo Nordisk A/S, insulin
Propyieseelysdrs, inhibitors of |iver enzynmes involved in
t he stlnulatlon of gl uconeogenesi s and/ or
gl ycogenol ysi s, nodul ators of gl ucose uptake,
Theodeppoeong®sitions bf dik tpegsenti ipi@tiwetaedaprbpanqi by diskolvimg a highly lipophilic

A RN AR AT TN ——"

accépaBIE Bil iRAG steMl@KhditRITARTAB dil RXR &N oSds o BBRAIAEL Folldhe of the active
i'ngredi ents which act on the 15 ATP-dependent

ingrsdteaseyen mdetieadrmeriogof time. Jde apprepriate oil may easily be determined by

consulting the prior art, or without undue experimentation by one skilled in the art.

The dosage range at which the compounds of Formula I exhibit their ability to act
therapeutically can vary depending upon the particular disease or condition being treated and
its severity, the patient, the formulation, other underlying disease states that the patient is
suffering from, and other medications that may be concurrently administered to the patient.
Generally, the compounds of Formula I will exhibit their therapeutic activities at dosages of
between about 0.001 mg/kg of patient body weight/day to about 100 mg/kg of patient body
weight/day.
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The conpounds of the present invention may be
adm ni stered orally, for exanple, in the form of

WO 20@lei2g, troches, capsul es, eIixirs, SuUsSpenBCoS2005/011107

sol utions, syrups, wafers, gﬁ%ng guns and the |ike
and may contain one or nore o he fol |l ow ng
adj uvants: binders such as 20 mcrocrystalline
cellul ose, gumtragacanth or gelatin; excipients such
as starch or lactose, disintegrating agents such as
al gi nic acid, Prinogel corn starch and the |ike;
Thel‘fggl C{angt Sar‘?luﬁa ax%sfor ﬂﬁ%gg 83%9 0 &%ng Srgo%rlﬁgﬁd%d to limit the
SHch a8"cS con SR §e
scq&aﬁﬁﬁﬁhﬂ@nu@gmnm§“&gch as sucrose or saccharin may be
added or a flavoring agent_such as pepperm nt, nethyl
salicylate or orange flavoEXAQMPMAEn t he dosage unit
formis a capsule, it may contain, 25 in addition to
materials of the above type, a liquid carrier such as
pol yet hyl ene gl ycol or a fBEKAMPIOEL. O her dosage unit

e b YR B O P bRCE S ATst B AR} SHANGRLFIN HAMs Ter

INGPALINGNA dfyuss tablets or pills may be coated with
sugar, shellac, or other enteric coating agents. A

syrup may contain, in addition to the present

ound sucrose erta
THERRERO ST 2B ViRS Sl s TREI e B8 oRRER g Pl a5 G Blfapgared
potRBRALEHARNENE mﬁQ{n{@t’ér&ﬂ(ﬂ-TU)fnsﬁlm&nd Ve ﬂtlln? theWMol8!c8R pieh-clamping
adm ni stered topically, and when WO 2005/097122

teqhouUeS2005/ 011107 -21 done so the carrier may
suitably conprise a solution, ointnent or gel base.
The base, for exanple, may conprise one or nore of

HIAEeT I Hatsyfroml SiﬁmhiH‘amm paatieyd)erpregliye odltage raedwiassium channels
m neral  oil, diluents such as water and al cohol, and
wespngrawn indfRMA g digrsupplemented with 17 felg)| hovinsrserugn and 1X

peﬁﬁflpﬁ}gﬁéﬁe BRYn &h §6nds ?ﬁéfé de 9927%11195%'&5 C@f1s b for %atch clamping

oW ng a J uvant s: eri | uents ‘suc as wat
wdre Beﬁdﬁgi eo tglasmpr pladticreveslipd 12386 hburg (bdfom hse, Currents were recorded at

ol yet hyl ene col s | yceri ne, ene or .
rof PR PaY G P e gttt Coen o B R pefihcrifhas fxohnd with an
I t [
ARGATR 208 B (Ax TP Em AL 308k OB %’F‘}é E??ﬂé cfilfiBos (3-6 MO
resistainced svereefablyibeaueratn Jiw hﬁlf‘eglaaaxapﬂ]aw @bed(W buld Peecssion Instruments,

such ac t citrat &8s, o hates and a
safaspien BT Rl Bl R Bineld bt (R Ann et Bt 20: KCl 20
NzﬁWI@M JEEEHES siemgcgqe HT’h@ aﬂﬁeseawhqtom eQaf8kts WerCMtiated by a
be ‘encl osed in anpul es Eme;iu e syringes or

30ﬁhm$ ptpﬂltevmeg@/pdlss(mvn&f) fﬂl Yi ¥ ng gativetpatss (-100 mV) and
wcfrﬁ c&de@ﬁg lméaggat\ﬁseg eéhé’e%u'r%’e%? frgrfn :at creﬁ ;%rf%s ecpwnh control external
solution (in mM: NaCl 130; KCl 5; sodium acetate 2.8; MgCl, 1; HEPES, 10; glucose 10;
CaCl; 1 at pH7.4 adjusted with NaOH) was stabilized, the cell was perfused with external
solution containing 1 uM HP184 (batch: R.C.4.53.3; molecular weight: 320.5; diluted from a
50 mM stock solution in DMSO prepared daily; the DMSO final concentration in all drug
solutions was not more than 0.06%). Currents were continuously recorded until they reached
steady-state condition. The same procedure was performed with increasing concentrations of
HP184 (3, 10 and 30 uM, sequentially). For each concentration from each cell, the steady-

state current at the end of the 20-mV activation pulse was measured in pico Ampere (pA).



capabl e of sustained release in mammals for a period
of several days or from about one to four 15 weeks
woO anb20v7f2ar mul at ed and admi ni stered as depot  PCT/US2005/011107

preparations, as for exanple, ghen injected in a
properly sel ected pharnaceutrg Tly acceptable oil. The
preferred oils are of vegetable origin such as sesane

The 'ahrphﬁﬁl%tlﬁ)Bﬁ%ﬁe&hlcon&%frﬁtl&i as @&ﬁ%ﬂé’d whiththat $6Wth@ @bhtrol solution
oil, olive oil and the Ilike, or t are synthetic

fropsthesemo el and gxpa@ﬂs@%amcq@ocwttm%u Q@ﬂHDl)aI cohol s such

as Iy I e 20 The .d . .
T3S g Opnd P BRGH POFR et 18 FRPRigLHLE Ty insutinom
celth iS S@hMiaAgedin TN V. Théedhipdung bleekke the cuffef doke-dependently with an

carbamat e derivative of a conmpound of formula | in a
ICphvalueet 8t ieFignre dkcept abl e oi | under sterile

conditions. The oil is selected so as to obtain a

rel ease of the active ingredient over a desired

period of tinme. The appropriate oil may easily be

determ ned by 25 consulting the prior art, or wthout

undue experinmentation by one skilled in the art. The

dosage range at which the conpounds of Formula I

exhibit their ability to act therapeutically can vary

dependi ng upon the particul ar di sease or condition

being treated and its severity, the patient, the

formul ati on, other underlying disease states that the

patient is 30 suffering from and other nedications

that nmay be concurrently admnistered to the patient.

Generally, the conmpounds of Formula I will exhibit

their therapeutic activities at dosages of between

about 0.001 ny/ kg of patient body wei ght/day to about

100 ny/ kg of patient body weight/day. WO 2005/ 097122

PCT/ US2005/ 011107 -22 The foll owi ng exanples are for

illustrative purposes only and are not intended to

limt the scope of the invention in any way. 5

EXAVPLES EXAMPLE | EFFECT OF HP184 ON VOLTACGE- GATED

POTASSI UM CHANNELS | N HAMSTER | NSULI NOVA CELLS 10



The purpose of this in vitro study was to eval uate the
ef fects of HP184 on vol tage-gated potassi um channels
WO 2005/4vamet er H T- T15 i nsul i nonra cell s using tPET/US2005/011107
whol e-cel | pat ch-cl anpi ng ??m que. 15 HIT-T15 cells

(from Syri an Hanster pancrea expr essi ng

vol t age- gat ed potassi um channels were grown in RPM

nmedi a suppl emented with 10% fetal bovi ne serumand 1X

penicillin/streptonycin in an atnosphere of 95% air/5%

CX2. Cells used for patch-clanping were seeded on
astic coverslips 12-36_hours before use.

gl.ass or .
Table 1o §ffeqts af ﬁ@r’ 84 padhy wlingargatadopninssiperaents én BT gl 3 aedls

Concentotg M) 20 oS STHE SR BRIASSTirE PR oL OB s o

Fostar Callgl, | ~well#2 oI Coy#3 Ce Mnan,CeH/#@ é Iv&y%gge SEM

g oSt Ao Y5 el T M T € I 100
1T €Sl granse) Wer®.7/f aghi esed [ TaEs TWS0E sut dssegapTtHaty

}
8 I
3tubes (Wt dl Pr&éi silon4dnstirutedi s|  Bar asot a25 FL) _ans

;gfi—lrlr\.u\ f‘;?h | p i;]te on|12ﬁ'| a {1079& ni\A R'Q*Q-EFS' uhd 4.4
6 Iy ll vl:_h - | vl lﬂ_1..l 3
aspar tate 1207 KC—20; I\Icl ATP 4 EPES—5- |vg(4',| 24 %4r=

7.2 adjusted with KOH). Currents were initiated by a
300-nms positive voltage pulse (20 nV) foll owed by a
50-nms negative pulse (-100 nV) and 25 were recorded
for off-line anal yses. Once current froma cell
perfused with control external solution (in mv NaC
130; KO 5; sodium acetate 2.8; MyCl2 1; HEPES, 10;
glucod®l107 CaCl2 1 at pH7.4 adjusted with NaOH) was
stabilized| the ce€ was . perfused with external
sol ution cpntai ni ng ¥ P184 (batch: R C 4.53. 3;

ecu Jweight: 320.5; thluted from 50 to
ggutizgriw DMSO prepared dawly; the ﬂé M
cr,:ncentrat on in all drug 30 | uti ons vvas not rmre
t@an 0,.06% . Currents were con uously recorded until

y ré chpd steady-state condi t\on. The sane
|®ocedure hvas performed with increaging concentrations
or HP184 [3, 10 and 30 M sequentiaNy). For each
cancenpPBat4{ on fromeach cell, the steadty- state
cfrrent at{the end of the 20-nV activati pul se was

%sured ih pico Anpere (pA). WO 2005/09712
c

/ US2005{ 011107 -23 The anplitude in pA for ea
ncentratjon was conpared with that for the control
solution fromthe same cel | and expressed as percent
control (% ontrol) he effect' _of HP184_bn the !
vol tage-g‘g{gd pot as8ilm currem8 in hans?& HT-T14.5

insulinoma cells |s su Tahl e 1. The
conpound bl ocked the cumﬁg}s o@ﬁendent ly with an
Figure |. Effects of HP184 on the voltage-gated potassium currents in HIT-T15 cells. Error bars
indicate SEM (n=4-5).
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5 1C50 value of 3.9 M (Figure 1). WD 2005/097122
PCT/ US2005/ 011107 -24 Table 1. Effects of HP 184 on

WO 2obR0w a2t age- gat ed potassi um currents in FLI PCTUS20@/01$107

Concentration (pM Vol tage-G@% d Pot assi um Current
(%Control) Cell #1 Cell #2 CelT #3 Cell #4 Cell #5
Average SEM 0 100 100 100 100 100 100 0.0 1 95.1
84.7 80.9 85.4 82.6 85,7 2.5 3 86.4 61.5 46.4 58.8
59.3 62.5 6.5 10 34.0 9.1 12.6 17.8 12.6 17.2 4.4 30
2.6 0.8 0.9 1.2 1.4 0.4 EZAMEEBIB 9 pMm | 50 = 25 U
0 -6.5-6.0-5.5-5.0-4.5 [HP184], logMFigure L
,Effects Effects of TIP1 S4 on the vol tage-gated

THEERSEC T ORHP 1 #hON CIDONED HUMANIK¥2. 1 RODAS SR CHANNEL
i ndi cate SEM (n=4-5). WD 2005/097122 PCT/ US2005/ 011107
-25 EXAMPLE Il THE EFFECT OF HP184 ON CLONED HUMAN

T A b o BT PR S [y g
Kvellguedsipmmenanndly xpressed s 73V aclivalsingthp méwieckli prich-clamping

U-.373MG cel | s using the whol e-cell patch-cl anping
techRidihi que.

U-373MG cells expressing the human Kv2.1 channels were grown in DMEM media
supplemented with 10% fetal bovine serum, 1X penicillin/streptomycin and 500 mg/mL G418
(Invitrogen, Carlsbad, CA) in an atmosphere of 95% air/5% CO,. Cells used for patch-
clamping were seeded on glass or plastic coverslips 12-36 hours before use. Kv2.1 Currents
were recorded at room temperature using the whole-cell configuration of the patch clamp
technique with an Axopatch 200B amplifier (Axon Instruments, Foster City, CA). Briefly,
electrodes (2-4 MQ resistance) were fashioned from TW150F glass capillary tubes (World
Precision Instruments, Sarasota, FL) and filled with pipette solution (in mM: potassium
aspartate 120; KC1 20; Na,ATP 4; HEPES 5; MgCl, 1; pH 7.2 adjusted with KOH). For dose-
dependency, currents were initiated by a 300-ms positive voltage pulse (20 mV) followed by a
50-ms negative pulse (-100 mV) and were recorded for off-line analyses. Once current from a
cell perfused with control external solution (in mM: NaCl 130; KCl 5; sodium acetate 2.8;
MgCl, 1; HEPES, 10; glucose 10; CaCl; 1 at pH7.4 adjusted with NaOH) was stabilized, the
cell was perfused with external solution containing 1 uM HP184 (batch: R.C.4.53.3;
molecular weight: 320.5; diluted from a 50 mM stock solution in DMSO; the DMSO final
concentration in all drug solutions was not more than 0.06%). Currents were continuously
recorded until they reached steady-state condition. The same procedure was performed with
increasing concentrations of HP184 (3, 10 and 30 uM, sequentially). For each concentration
from each cell, the steady-state current at the end of the 20-mV activation pulse was measured
in pico Ampere (pA). The amplitude in pA for each concentration was compared with that for
the control solution from the same cell and expressed as percent control (% control). For
comparison, 4-aminopyridine (4-AP) was tested.in a similar manner at concentrations ranging
from 100 to 10, 000 uM. The effect of HP184 and 4-AP on the human Kv2.1 currents
expressed in U-373MG cells is summarized in Table 1 and 2, respectively. HP184 blocked



10 U-373MG cel | s expressing the human Kv2.1 channel s
were grown in DVEM nedia supplenented with 10% f et al
WO oviate2serum  1X penicil lin/streptomnmyci n andcId@s20gy/ariio7
418 (Ilnvitrogen, Carlsbad, §A) in an atnosphere of
95% air/ 5% CR2. Cells used for patch- clanping were
seeded on gl ass or plastic coverslips 12-36 hours
thelI&F 01 BurSif dodLdepbndentllyS¥itian I@%F Qall€ 605 88V AW hilOPMP blocked the
tenperature using the whole-cell configuration of the
curpeant ehthcindfid0 301008 M iiigussi IDh an Axopat ch 200B
anplifier (Axon Instrunents, Foster Cty, CA.
Briefly, electrodes (2-4 MSZ resistance) were
fashi oned from TW50F gl ass capillary tubes (Wrld
Precision Instrunents, Sarasota, FL) and filled with
pi pette solution (in nmvt potassium aspartate 120;
KC120; Na2ATP 4; HEPES 5; Mgd 2 1; pH 7.2 adjusted
with KOH). For dose- dependency, currents were
initiated by a 300-nms positive voltage pulse (20 nV)
foll owed by a 20 50-ns negative pulse (-100 nV) and
were recorded for off-1ine analyses. Once current from
a cell perfused with control external solution (in
mvi NaC 130; KCl1 5; sodium acetate 2.8, MCl2 1;
HEPES, 10; glucose 10; CaC 2 1 at pH7.4 adjusted with
NaOH) was stabilized, the cell was perfused with
external solution containing 1 tM HP184 (batch:
R C 4.53.3; nolecular weight: 320.5; diluted froma
50 mM stock solution in DVSO the DMSO final 25
concentration in all drug solutions was not nore than
0.06% . Currents were continuously recorded until
t hey reached steady-state condition. The sane
procedure was perfornmed with increasing
concentrations of HP184 (3, 10 and 30 M
sequentially). For each concentration fromeach cell,
the steady-state current at the end of the 20-nV
activation pul se was neasured in pico Anpere (pA).
The anplitude in pA for each concentration was
conpared with that for 30 the control solution from
the sane cell and expressed as percent control (%
control). For conparison, 4-am nopyridine (4-AP) was
tested in a simlar manner at concentrations rangi ng
from100 to 10, 000 M The effect of HP184 and 4- AP on
the human Kv2.1 currents expressed in U-373Ms cells
is summarized in Table 1 and 2, respectively. HP 184
bl ocked WD 2005/ 097122 PCT/ US2005/011107 -26 the
Kv2.1 current dose-dependently with an |1 C50 val ue of
5.6 M while 4-AP bl ocked the current with an 1C50
>10,000 M (Figure 1).



WO 2005/ 097122 PCT/ US2005/ 011107 -27 Table 1. Effects
of FIP 1.84 on Coned Human Kv2. | Currents

WO 20uvier2r at i on Kv2.1 Current (% Control) (NM pCalus2éib/011107
Cell #2 Cell #3 Cell #4 Cell %ZCeII #6 Cell #7 Cell
#8 Cell #9 Cell #10 Cell #11 #12 Cell #13 Average
SEM 0 100 100 100 100 100 100 100 100 100 0.0 1 96.0
91,6 95.0 90.5 94.5 83.5 91.8 95.5 90.5 91.0 89.2 91,7

1.1 37198101 6@&3(:@%1‘5“71@4&)18@!05)0@5{1%1@81(@2719(“ 9rr@§t§
63.1 69,9 72. . 24,4 17. )

Concentration 9.1 12.5 19. U 5/4 [4 18 @24} d’{’xrreﬁﬂ%é n OI}L; 4 ’J‘.A. EI ‘J.d. 7
(M)

clr i cd 72 it oo | Getpvs Poobe [ candP] da.&s#m dAREa 2 CQH1i6éYé1%Average SEm

0 OT 106l Alds OMedl OB bUBN KVZ. L MNiggnts doigentrati, 100 0.0
H

1 (vBo 1 a0eil reent 96940 | @ls) (@NMh 95@al| $o5H1916al do.2 #2 | | 43917 1.1

3 PP |30 CEpy mi:s cdly | A% wp lcer)l @g lcap|l #olcel || 723 | a1

10 298.2 244 LAty | 385 | 438, A314 mtmns R0 | 327 n 283 | 49

20 P, AWVET e ‘£' Yoot VY I P g LU L U%’.e]" U LU, 1\%2 - 10.4 2.0

(0090, 2 94. 5 95.9 92.0°92.9 83.8 91.5 17 300 88.9

87.8 85.0 82.8 73.1 83.5 2.8 1000 79.0 81.4 78.9 76.8
60.4 70.8 71.8 85.0 81.5 76.2 2.5 3000 74.0 74.4 69.0
69.5 54.7..9 4.0 56 2. 4 0 661 59.9
468 :J@bla% QEf?WAs qggﬁﬁ’gaﬁmﬁ%ﬁuwfgglz, %@_ﬂé oM |
C°"c°""a"°2: 4-AD (1 C50>10.000 'ﬁ‘f\%ﬂ grrent (%egontgol) 3 _ 5 1y (1]
(M) T CoudT | Cn#2 | Cell #3 | Cell #4 | Cell#5 | Coll #6 | Cell#7 | Cell#8 | Cell #9 ['Cell 10 ‘Average| SEM
o 9% 100 100 100 100 100 100 0.0
100 90.2 84.3 95.9 92.0 g2.9 83.8 91.5 1.7
300 88.9 87.8 85.0 82.8 73.1 83.5 2.8
1000 78.0 81.4 78.9 76.8 60.4 70.8 71.8 85.0 81.5 76.2 2.5
3000 74.0 74.4 69.0 69.5 54,7 59.2 64.0 69.1 56.8 65.6 2.4
10000 68.7 59.9 48.8 57.8 5.9
100~
§ - 75"
S s
oc
g 8 50‘"
> 2
 — e HP184 (IC50=5.6 uM)
=25 4 4-AP (IC55>10,000 uM)
0 T 7 T T 1

6 -5 -4 -3 -2
[Drug], logM

Figure 1. Effects of HP184 (circles) and 4-AP (triangles) on the cloned human Kv2.1 currents
expressed in U-373MG cells. Error bars indicate SEM (n=3-11).
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Figure 1. Effects of11.P1.84 (circles) and 4-AP
(triangles) on the cloned human Kv2.1 currents

wO mppeesxed in U-373MG cells. Error bars indi catteusSes/011107

(n=3-1 1). WD 2005/097122 PC‘[{ZéJ_SZOOSI 011107 -28
EXAMPLE 111 The purpose of th in vitro study was to
evaluate the effect of HP184 on vol t age- gated
pot assi um channels in activated T cells using the
whol e-cel | patch-clanping technique. 5 Human T cells
actlvat ed with CD3/ CD28 (BXAMKLEAN nda Cilio (IP
CeII nal o o)
ThEBuebaf sV ity vl PR 3fe eoRHE B4 pa yoltage-sea
potassi @ %hmﬂen;ha AB®Y ateC D CEIRYissn gMBE & hoRcE et g lam@ig technique.
tenperature using the whole-cell configuration of the
patch clanp technique with an Axopatch 200B arrpl ifier

b QR YRR CTPRERRB Tk Vo Sflinad Gl A8 Celtplr Imypology)
weﬂeE@Ed@l @splagpiolvedlips lZ}BéSour@ Béforeluder ﬁ’oltsga)g\ated potassium channel

| nst ts, S t d fill tte
cURA P oo AT BT ENphe AT erot| cdREBumgan of the patch

cla ERidbe WEPEDARopdHDEOBLamPiitier- (gxéglﬂé%ﬁfénf’é” F&t&@")y, CA).

e potassium currents were initiated
anﬂymyequieg@& MR sesidtarer) wetedhshiongd fpnm Wlﬁ]F giﬁssc&p‘illary tubes

nd . wer record for -1 nal yses. ce the
(Wnblfi orision rt‘Wémé qraspia, Pﬁ‘igﬁ ‘ﬁkvfth%bRﬁ‘FFﬁB ution (in mM:
n i
potadsiGih AglarGRl }fol R@:l obr NH%TM@IE#]@@S Kgtipi; fg?d.%a%@uzstef with KOH).

acetate 2.8; PES [ ucose 10;
Thapotassium caldprus tweds wttdued\lacn-ll OQnes 2§trab’| Volltagelpulschiromel Holding

th ext lutio taining 1
polgfiTal 2P 280 FRE M g Bt B o e B o Pt Mt the cetl
perf@a8 hagh @h&@%@h@t@l&mqmm Naﬂ]%@v’iﬂgl B é@)@ﬁﬂﬁl hé&etae 3.8; MgCl,
ﬁﬁrforrred wth 10 MHP184 The data is shown in the

BES el G glusase Hy; 1> bt phPl.4 adiypted/oiithdyeOXEh wagistabilized, the cell was

pelilgsta I“ilﬁhléréngénmﬁ%gﬁltlon cortn]taf%%g ﬂf\fﬂPTSéPe le%enqg) \%er%o con{muously

recorded until they reached steady-state condition. The same procedure was performed with

10 uM HP184. The data is shown in the figure below.

Effect of HP184 on Voltage-Gated Potassium Channels

in Activated T Cells
600]
Control
. 4001 1 M HP184
<
e
w2007
s ‘
at> 10 uM HP184 N
> “
(@]
-2007
0"'210II'4'0 "Gl()"'&l()'l'l(BOI"éOI"1)10"
Time (ms)
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whereift et hod of treating schizophrenia in a human
conprising admnistering to said human a
t hemapautligal, | y effecti ve anount of a conpound of

formul a | (Rz’)m(Rl)n N NF3 (Op 51
nis0, 1 or 2;

pisOorl;

each R is independently hydrogen, halogen, trifluoromethyl, C;-Cealkyl, C;-Cgalkoxy,
benzyloxy, hydroxy, nitro or amino;

each R; is independently hydrogen, C,-Cgalkyl, C;-Cgalkenyl,

C;-Csalkanoyl, halogen, cyano, -C(O)C;-Csalkyl, -C;-CgalkyleneCN, -C;-
CsalkyleneNR’R” wherein R’ and R” are each independently hydrogen or C,-Cgalkyl,
-C;-CealkyleneOC(O)C,-Cgalkyl, or -CH(OH)R4 wherein R, is hydrogen or C;-
Cealkyl;

R, is hydrogen, C;-Csalkyl optionally substituted with halogen, hydroxy or benzyloxy,
C,-Cealkenyl, C;-Cealkynyl,

-CO,C;-Cealkyl, or —Rs—NR’ R” wherein R is C;-Cealkylene, C-Csalkenylene or C;-
Cealkynylene and R’ and R” are each independently hydrogen, C;-Cgalkyl or
alternatively the group -NR’R” as a whole is 1-pyrrolidinyl; and

Rjis hydrogen, nitro, amino, halogen, C,-Csalkoxy, hydroxy or C;-Cgalkyl

or a pharmaceutically acceptable salt thereof.
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wherein msO, 1 or 2;, nis 0, 1 or 2; 10 pisOor1;
each R is independently hydrogen, hal ogen,

WO 005/doear onet hyl, Cl- Céal kyl, Cl-C6al koxy, Iremagkasp11107

hydroxy, nitro or am no; each gl i s independently
hydr ogen,- Cl- C6al kyl, Ci- C6a|§ n Cl1- Ceal kanoyl ,
hal ogen, cyano, -C(CDCl Coéal kyl , -Cl-CBaIkerneCN, -C1
2. 15 Ghglth &NENaiR 1 WieFef R iﬂlycﬁagengﬁalé,f;&], &@Gibromethyl, or C;-Cgalkyl;
i ndependent|y hydrogen or Cl-Céal kyl,
R,-iOhydpegdnkyr (@reaB(D) Kalis @gdiogyh or Or-CoalikylOR) Rehyinegeai @1-Réalkyl or
h %§ hyd qu or Cl- Co6al kyl; R2 is hydrogen, C1-C6alkyl
a §P?@H SUbstituted wi t h hal ogen, hydroxy or
benzyloxy, Cl1- Coal kenyl, G -C6al kynyl, 20
- CO2C1- Coeal kyl , or-R5-NR R' wherein R5 is
3.C1- Cfeknmrwh%@f clgm twheteeniie spmpernddhias tosillieying fomaukind
R and R' are each independently hydrogen, Cl-C6al kyl
or alternatively the group -NR R' as a whole is
1-pyrrolidinyl; and R3 gen, nitro, am no,
hal ogen, Cl1- C6a|koxy, Cl-Coal kyl 25 or a
pharmaceutical ly acceptab f t thereof. WO
2005/ 097122 PCT/ US2005/ 011107 \Hgs/2>\The met hod of
claim 1 wherein R is hydrogen,Nhalogen
trifluoronethyl, or Cl-Cg ; Rl is hydrogen or
Cl-C6al kyl; R2 is hydroggn or\Cl-C6al kyl; R3 is
hydrogen, Cl-C6al kyl or ppal gent and p is 0. 5 3. The
met hod of claim 1 wherein the conpound has the
followwng formula ()3N NF N

4. The method of claim 1 wherein the compound has the following formula:

5. A method of treating schizophrenia in a human while avoiding the concomitant
liability of glucoregulatory abnormalities associated with the administration of antipsychotic
agents, comprising administering to said human a therapeutically effective amount of a

compound of Claim 1 or a pharmaceutically acceptable salt thereof.
6. The method of claim 5 wherein R is hydrogen, halogen, trifluoromethyl, or C,-Cgalkyl;
R, is hydrogen or C,-Cgalkyl; R, is hydrogen or C;-Cgalkyl; R3 is hydrogen, C;-Csalkyl or

halogen; and p is 0.

7. The method of claim 5 wherein the compound has the following formula
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4. The nmethod of claim 1l wherein the conpound has the
followwng formula: N NOVY 10 5. A nethod of

WO 2ox@rixzg schi zophrenia in a human whil e avoipdivigh20d3ed11107

concomtant liability of gluggregulatory
abnormalities associated w t h“the adm ni strati on of
anti psychotic agents, conprising adm nistering to
said human a therapeutically effective anmobunt of a
conpound of Claim1l or a pharrnaceutically acceptable
salt thereof. 15 6. Th;
hydr ogen, hal ogen, trif
i s hydrogen or Cl-C6alt 2N s hydrogen or

Cl - Ceal kyl ; R3 is hydrogen, CH—Eg?ykyL or hal ogen;
and pis 0. 20 7. The method ¢ aimb5 wherein the
conpound has the foll ow romul a WO 2005/ 097122
PCT/ US2005/ 011107 - 39- F N 8. The nethod of
claimb5 wherein the conpap Fthe fol l owing
formula: N NOV 5 9. A nethod of treating

schi zophrenia in a human whil e avoi ding the

8. CONGROTIAMUd of AR %Vhé/re%ft\lllmg %ﬁﬁ?ﬂg@% @_ttl%.'fy)llowing form?la:

abnornal1ties assoclate adam ni stration o

anti psychotic agents, eungprising administering to
said human (i) a thery ef fective anount of a
N

9. A method of treating schizophrenia in a human while avoiding the concomitant
liability of glucoregulatory abnormalities associated with the administration of antipsychotic
agents, comprising administering to said human (i) a therapeutically effective amount of a
compound of Claim 1 or a pharmaceutically acceptable salt thereof, and (ii) a therapeutically

effective amount of an antipsychotic agent.
10. The method of claim 9 wherein R is hydrogen, halogen, trifluoromethyl, or C;-Cealkyl;
R, is hydrogen or C,-Csalkyl; R, is hydrogen or C,-Cgalkyl; R3 is hydrogen, Ci-Cgalkyl or
halogen; and p is 0.
11.  The method of claim 9 wherein the compound has the following formula
A\
N
N\/\

Z=
AN
m
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conpound of Claim1l or a pharmaceutically acceptable
salt thereof, and (ii) a therapeutically 10 effective
wo mpwesi220f an anti psychotic agent. 10. The n@droes20d5/011107

claim9 wherein R is hydrogen,,hal ogen,
trifluoronethyl, or Cl-C6al kyl'; Rl is hydrogen or
Cl-Coal kyl; R2 is hydrogen or Cl-C6alkyl; R3 is

12hy dmag afethddlof CRamkywheérein thate@psindaiad tie foloWinglforrhila:
The met hod of claim9 wherein the conpound has the
followng formula 03 N <N: WD 2005/ 097122

PCT/ US2005/ 011107 -40 TheSnet hod of claim 9
wherei n the conpound has ke f0llowing formula: CNN
ON/ 13. A nmethod of treating\

t he nitive
dysfunction associated with sd%%zdgﬁ?énia in a5 human
whi | e avoi di ng the concom t liability of
gl ucoregul atory abnormal{ti es, associated wth the
adm ni stration of antipsychgtic agents, conprising
adm nistering to said human a therapeutically
ef fective anount of a conpound of Claiml or a
pharmaceutically acceptable salt thereof. 10 14. The

13et Roge®bd oF gtAMnkInNBsRive &Y shinchydiRe8Bed RatiP@8kophrenia in a
trifluoronmethyl, 'or C1- C6al’kyl; Rl is hydrogen or

human @bde kydidinR2h¢ eoriepnvitentelirbility Of glosatergylatorrgbhagmalities associated
o A B G P04 P LR BB B P M

thekPe LGV IR @ fficti vBUArAourtdlNa cdinpound of Claim 1 or a pharmaceutically acceptable

salt thereof.

14. The method of claim 13 wherein R is hydrogen, halogen, trifluoromethyl, or C;-
Cealkyl; R, is hydrogen or C;-Cgalkyl; R; is hydrogen or C;-Csalkyl; R3 is hydrogen, C;-
Cealkyl or halogen; and p is O.

15.  The method of claim 13 wherein the compound has the following formula

)

A\
N
N—

16.  The method of claim 13 wherein the compound has the following formula:

©j\>
N
}\l\/\

\
N—?
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F N 15 16. The nethod of claim 13 wherein the
conpound has the followng formula: N N OV WO

WO 20967027122 PCT/ US2005/ 011107 -41 17. A netrcadus2ios/o11107

treating the cognitive dysfunﬁtlon associated with
schi zophrenia in a human whi avoi di ng the
concomtant liability of schizophrenia-related
abnormalities in glucose regulation, conprising
adm nistering to said human a therapeutically

17.ef f donethed afrtr@mmgshmogmu;@rﬁyeﬁmdtl@f asgbeited widrschizophrenia in a

hUIﬁ%r{ar g g%lé%glteﬁ/io%%&ﬁg@rgtqw%&ﬁ t et é)g%eﬁla rﬁzgz}t%d %ﬁlormahtles in
glut:ééefrlsglﬂﬁt‘iﬁfﬁtbbﬁbns@% adphimiSe&al gy |sa1d|?ihnha$1 dheral Qﬁﬂ:aﬂj} effective amount
C1- Coal k ydr ogen or Cl Coéal kyl ;
of hgmmg@ﬁ of €laimchaf kpmartsxacmce@eapcemqaleﬁalt she@eoflo 109.
The nethod of claim 17 wherein the conpound has the
following formula (XN N F <N 20. The nethod of

18.cl aThe ﬁféthdﬂeifelaimtlhavmap Ruisthybageh taldgeh) wiffuo®methyl, or C;-
fornul a: 21. A nethod of treating t

t he
CeallognRt 1%(—15%9 @ﬁ@tﬂ%ﬁ‘k&h&gﬁt ydspgsgArdnidraplkyl; Rss hydrogen, Ci-
C%ﬂgﬁQ&ﬂﬁk%EﬂQﬁd gsgoci ated with schizophrenia in a
man,

npr|3|ng adm nistering to said human a

19.  The method of claim 17 wherein the compound has the following formula
A\
N
\
N
—
\
NI
20. The method of claim 17 wherein the compound has the following formula:

0
N
N

21. A method of treating the cognitive dysfunction and glucoregulatory abnormalities
associated with schizophrenia in a human, comprising administering to said human a
therapeutically effective amount of a compound of Claim | or a pharmaceutically acceptable

salt thereof.
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t herapeutically effective amobunt of a conpound of
Claim1l or a pharmaceutically acceptable 20 salt

WO Tohweseaf2. WO 2005/ 097122 PCT/ US2005/ 011107 -P&Z/20050n€107

nmet hod of claim21 wherein R j, ? hydr ogen, hal ogen,
trifluoronethyl, or Cl- C6al ky R1 i s hydrogen or
Cl-Cobal kyl ; R2 is hydrogen or Cl Coal kyl; R3 is

22hy dieg esthddlof G iqydvhaémhaim@fogeanwhl@geln$trmuoﬁorﬂahyl or Cy-
The nmet hod of claim 21 wherein the conpound has t he

Coalbyl Buiis iy dregemer & 1-@alyN Rags Rydrogeaer QuCeatind; Retshudragen. Ci-
[ e he conmpound has the foll ow ng

Céﬁgﬁndlﬂhé?og\gﬁ dn} rﬂstod\v 10 25. A nethod of treating
gl ucoregul atory abnormalities in a patient in need
thereof conprising adm nistering to said hurran a

23¢ herlap&trthackafiiqaier flewberg tB?rﬁ‘UHPOLB‘Fﬁ‘é Hewmedprmula
Caim1l or a pharmaceutically accept abI e salt thereof.
15 26. The nethod of claim 25 erein R is hydrogen,
hal ogen, trifl uoronet hy Ql- C6al kyl; Rl is
hydr ogen or Cl-C6al kyl | IS W drogen or C1-Co6al kyl ;
R3 is hydrogen, Cl- Coaklg N hal ogen; and pis O.
27. The nethod of claim?25 vvhe\r ein npound has
the follow ng fornmula WO 2005/'@ 22 PCT/ U82005/ 011107

-43 C N Nom
S

24. The method of claim 21 wherein the compound has the following formula:

25. A method of treating glucoregulatory abnormalities in a patient in need thereof

comprising administering to said human a therapeutically effective amount of a compound of

Claim 1 or a pharmaceutically acceptable salt thereof.
26. The method of claim 25 wherein R is hydrogen, halogen, trifluoromethyl, or C;-
Cealkyl; Ry is hydrogen or C;-Cgalkyl; R; is hydrogen or Cy-Cgalkyl; Rj is hydrogen, C;-

Csalkyl or halogen; and p is 0.

27.  The method of claim 25 wherein the compound has the following formula



F <N 28. The nethod of claim25 wherein the conpound
has the followwing formula: \N 0~7-~ N N QV 5 29.
wo 3boomezhod of claim 25 wherein the gl ucor egwcates2§o5/011107
abnormality is hyperglycem a. ,,30. The nethod of claim
25 wherein R is hydrogen, hal'éa'en, trifluoronethyl, or
C - Coéalkyl; RL is hydrogen or C -C6al kyl; R2 is
hydrogen or GCi-C6al kyl; R3 is hydrogen, C- io Cé6al kyl
or halogen; and p is 0. 31. The nethod of claim 25
wherein the conmpound h IIovvi ng formula ()3N
N F N 15 32. The nethg cl 3 m 25 wherein the
conpound has the foll owpgg ToNmul a: WO 2005/ 097122
PCT/ US2005/ 011107 -44- N N Q¥ 33—3Jhe net hod of
clai m 25 wherein the glucoreg ry abnormality is
type 2 diabetes nellitug/ 34. The nethod of claim
25 wherein R is hydrogeny\ h elj_:l trifluoronethyl, or

28.  The method of claim 25 wherein the compound has the following formula:

29.  The method of claim 25 wherein the glucoregulatory abnormality is hyperglycemia.
30. The method of claim 25 wherein R is hydrogen, halogen, trifluoromethyl, or C;-
Cealkyl; R; is hydrogen or C;-Cealkyl; R; is hydrogen or C-Cealkyl; Rj is hydrogen, C;-
10 Csalkyl or halogen; and p is O.
31.  The method of claim 25 wherein the compound has the following formula
A\
\
N\/\
—

\
N—s F

15 32.  The method of claim 25 wherein the compound has the following formula:



Céal kyl; R1 is hydrogen or Cl-C6al kyl; R2 is hydrogen
or Cl-Co6al kyl; R3 is hydrogen, Cl- C6al kyl or hal ogen;
wo mozioopiazs 0. 10 35. The nmethod of clai m25 weemais2odsie1107

conmpound has the follow ng for Hula C6N N F N 36.
The nethod of claim 25 mherelﬁ he conpound has the
followng formula: N N OV 15 37. A nethod of
treating glucoregulato abnornmalities in a patient in
need thereof conprisi stering to said patient
(i) a therapeutically ed g anmount of a conpound
WO 2005/ 097122 PCT/ US208870T1M07 -45 of Claim1 or a
pharmaceutically acceptable S%ﬁLFPﬁETEOf' and (ii) a
therapeutically effective,_apount of at |east one
ot her active ingredient geledted fromthe group
consisting of: antidiab@ticg) hypoglycenm c active
i ngredi ents, HVGCoA reduttage inhibitors, chol esterol
absorption inhibitors, PPAR gamma agoni'sts, PPAR al pha
agoni sts, PPAR al pha/gamma 5 agoni st s, fibrates NWP
inhibitors, bile acid absorption inhibitors,
33§ nhillbe msthod g elaimels wherginy the alélperealdét@rbé‘m%mal_ms type 2 diabetes
Fﬁﬁgptor i nducers, ACAT inhibitors, antioxidants,
I poprotein Ilpase i nhi bitors, ATP-citrate Iyase
i nhi bitors, squalene synthetase i nhi bitors,
rotein onlst

li ase |nh|b|t
345 o Pt el eagem b aeS, holisP i otnggethy, or Ci-
CliR}IAROKS KRG GRES-C NG UCS hiBS ﬂmbcaw R2&hy¥gen, C;-

6|n%re9|éﬁ{g%%h cﬁﬁaé?kgnq%he %#Pgio dépe%dgﬁi Fitlyddgen. C,
Coplbylag dialogenradmpel Oof the beta cells, CART agoni sts,

NPY agoni sts, MC4 agoni sts, orexin agonists, H3

agoni sts, TNF agoni sts, CRF agoni sts, CRF BP

35ant Jye Metici of WIRHAS WRereddROtGhPoundhad §RToBbWing{bithula
(el anocyt e-stimul ati ng hornone) agonists, CCK

agoni st s,
A\
N\

_—

\_/

36. The method of claim 25 wherein the compound has the following formula:

o
N
N

37. A method of treating glucoregulatory abnormalities in a patient in need thereof

comprising administering to said patient (i) a therapeutically effective amount of a compound
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25

serotonin reuptake inhibitors, mxed sertoninergic and
nor adr ener gi ¢ conpounds, 5HT agonists, bonbesin

WO mgoon7$12s, gal ani n ant agoni sts, growt h hor norreayuso@viiinio7

hor none 15 rel easi ng conpoun@g _ TRH agoni st s,
uncoupling protein 2 or 3 nodulators, |eptin agonists,
DA agoni sts (bronocriptine, Doprexin), |ipase/anylase

of Ciith i drarpgharRARicAIgHCcaéR4e sdRdReretD Aull @il Yod ﬁlempeﬂ_tﬁ'a(lg effective
agoni sts or anphetam nes. 38. A met hod of treatin

amﬁ@@‘zﬁf ial/ lsasfonp OBISE agtivedpgradisnt stlackedSEm shepgrpam Fensisting of:
antg#%%ggséégpglgére%@\ﬁ&ﬁ\% 19?1:6&@%30%&&%9%1&45??“{ l%ﬁc%s Q:Bolesterol

abnornmafiti es’ assocl at e
absaeprioni ishibadls PPPAR gaminspoaises, PPARgaphisagoanny) PPARpha/gamma
adm nj stering to. said human therapeutically = . . . )
agquesty dbrafes, Mﬁ%ﬁ?ﬂ‘afor% bl ﬁﬁémﬁaora%lordngmﬁqs &Eﬂ’ inhibitors, polymeric
bllt?m Qc?ﬁ g%%gl#’etn't{ fi0ry re@@;&ﬁﬁ%é%}e@sﬁ AIK?{I“ GG, fantl g)'éid%%s 1{J¥Brotein lipase

alm 38 hydr ogen, hal ogen
inhibiiord, WafRsonertateylly aseonhibiters Cemblep¢ synfitictass 111131Umm§,ellpoq»rotem(a)

g e PTGy SHEy RS, Bagediss Maglidesr

thl%ﬁlhﬁl@dl%flesc haglﬂé(ﬁﬁia‘é@%%lﬁé E&l@ﬂ%%ﬂfé tsRAfch B& on the ATP-
foll ow ng l'a WO 2005/ 097122 PCT/ US2005/ 011107

dep&ﬂ&%nt Ipotﬂsﬁuml‘dhdﬂnel Ohtherbetauetls, (FART aigoni8i8, MA¥ ragonistsh®IC4 agonists,

sthef wi ng f | a:. 5 42. A .
orc gt PaeansrnGVEgen . CRF fefitsd RREH fnipedaiifnufscortn
agdrfist® ABab ARt MYHGR kG mul SRTBIrmbRE) ARIsR! LR zig!f’é)ﬂlsts

to said patient a therapeutically effect’ive anpunt
seratoomnpapia]ds iohibitGtsaimxeld sertoninptgar aralcreuadremdrgiy compounds SHT
acce of cla

abl It th f. 43. .Th
Qs BPRDES T S AT Wit ST hTogP Sty Eh Bprmone-

relerng compounds, TRH agomsts, uncoupling protein 2 or 3 modulators, leptin agonists,
DA agonists (bromocriptine, Doprexin), lipase/amylase inhibitors, PPAR modulators, RXR

modulators or TR-} agonists or amphetamines.

38. A method of treating the negative symptoms associated with schizophrenia in a human
while avoiding the concomitant liability of glucoregulatory abnormalities associated with the
administration of antipsychotic agents, comprising administering to said human a
therapeutically effective amount of a compound of Claim 1 or a pharmaceutically acceptable

salt thereof.
39. The method of claim 38 wherein R is hydrogen, halogen, trifluoromethyl, or C;-
Csalkyl; R; is hydrogen or C,-Cealkyl; R; is hydrogen or Cy-Cgalkyl; Rj3 is hydrogen, C;-

Csalkyl or halogen; and p is O.

40.  The method of claim 38 wherein the compound has the following formula



lo Coal kyl; Rl is hydrogen or G -C6alkyl; R2 is

hydr ogen or Cl-C6al kyl; R3 is hydrogen, Cl- C6al kyl or
wo hed/oge2; and p is 0. 44. The nmethod of cl ai mMCAAIS2005/011107

wherein the conmpound has the jollowng fornula ()3N

Nom F N 15 WD 2005/097122 PC1/US2005/ 011107 -47 45.

The nmet hod of claim42 wherein the conpound has the

following formula: N N i

ONX
A\
N
N\./\

41.  The method of claim 38 wherein the compound has the following formula:

o

A\
N
N—

5 42. A method of enhancing glucose-stimulated insulin release in a patient in need thereof
comprising administering to said patient a therapeutically effective amount of a compound of

Claim 1 or a pharmaceutically acceptable salt thereof.
43, The method of claim 42 wherein R is hydrogen, halogen, trifluoromethyl, or C;-
10 Cealkyl; R, is hydrogen or C;-Cgalkyl; Ry is hydrogen or C;-Cealkyl; R3 is hydrogen, C;-

Csalkyl or halogen; and p is 0.

44. The method of claim 42 wherein the compound has the following formula

15



WO 2005/097122 PCT/US2005/011107
-47-

45.  The method of claim 42 wherein the compound has the following formula:

D
N
\hl\/\

~=
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