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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
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treatnment. Al though psyBNORMXIMTERS are the signal
for antipsychotic drugtreatnent, Ot her clinica

domai ns of schi zophrenia are nore socially and
functionally disabling. Only 7% of patients will be
fully enpl oyed, VBACKGROYNIhOF THE INVEMIION 20 be
wor king at sone time in their lives. Antipsychotic

drugs do not satisfactorily treat cognitive
SehigeRhrerians sresentie gaeytilee Q@/%ﬁ@@ﬁ%laﬁ?“ werAWiKsp At i gptimated that about

2. %ﬂﬂ%ﬂﬁé%l%%h@b%%@@h%?ﬁ? {ﬂlfkgxécfé? ;ig'aﬁi?% néﬁin‘é:‘pﬁﬁc&%ﬁg drugs 30 - 40%
of pagets xmn&ny npammat @siStan0 s sigeae dumbertrerhineconsiderabfy tylgptomatic
sor . Bot h, domai n bel i d the na ause

wilh Tl iogRays G POUSRREPIS R le, e lgrggne dnd defRIGHS symptoms.
O HRGIth&G HaRd, ps?&fo@is"ﬁf %hliﬁﬁh‘f'&ﬂa lsem@nﬁtﬂﬁg?é%gr diSdrdef with

psychotic rel apse (Verdoux et al van Kanmen
de@etnoaattmgtfnpnb 160 ¢t 8%k tpatients 96l relmga)t Wesesymrptt@ Ayegigehen on

fec S0Ci. a tion MAth raval

mBiehp R oBlibSehaied P Ren S ANRETR BSPRY i BB o tbs signal for
an@phetend augitramdnt, tc}thdr@hﬁi@@l?sﬂ(brﬁﬂﬁ@opﬂcﬁﬁ&ﬁiﬁl@hba aaPalobysocially and

nmotor retardation_and | ack of Eersonal ygi ene are

fupeijasally fisablinen gnky Fistod Matiests Wik beifulkyrcaeployads yhilg gnlyrne in five will
befﬁé&mgsat@&hénhl%lﬂmél ghotics. At any given tine,

negat1"ve synptons may be present in 60% of patients.

Negati ve synptons can be present before the onset of

the illness n qver tinme, Al.thaugh th
Aqtpsyhet Stes SOk R tary el BRI SPRTiFS O fegafiVe symptoms of
schiZBpI¥ARERAEIubifAg social competence and problem solving (eg, Bellack 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van Kammen et al, unpublished data, 1996).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



10

15

20

25

30

WD 2005/ 097122 PCT/ US2005/ 011107 -2 psychosis.
Anti psychotic drugs may induce negative synptons (eg,_
WO 20+eT42%0f affect, enotional withdrawal, notR§T/US2005/011107
retardation) through dopam ne receptor bl ockade
(extrapyram dal side effects or EPS). Negative
synpt ons, i nduced by dopam ne receptor bl ockade,
Pyylehcs iAsatipxyctjeqixr éruigs oy imdvee cegdtpd sgmponidrey, flatess of affect,
AN gg@ﬂh@g%%le g%g%&le%/igiagés' pn?@(ﬁ% c?)B;rnqg)Séerepe%go%tbll(}/ciade
CRE AR R L OBOERFAEs FEEHONESIVe s(mbRs, Mdubed SY&pakli receptor
| ower'ing the dose of antipsychotics, to prescribing
teakadhgisieresigior deprgesmrs auy catlnd sehopray {uort-endudogknegafive symptoms.
n%%gggti;vﬁgg- i?"iC?g}a»?t ea_n}F r% L %ﬁgwﬁjlgli%héﬁewg%tééﬁ?%gﬁ%ﬂne antagonists
(SDFRY Qiith fewer BPS Qoweringthe [dose Snitiph fchEHE fPpBscribifiOMBicholinergic
are unresponsive to our present day antipsychotics.
AepRis O aritrlepeagsantsy Hogighen, aptichalipere® agenis diduce thoji @wn frecent) memory
. wer rer. ' : ' S [ I e
TRy ABRE Ry hORLE LB RESAOISS el e alfRiynarome.
Thopakieredspofisdgtiotauy preain @apahiipsyesoties Snprehssd ey &l ve symptoms are
present in a broad spectrumin patients with _
ST SPIHR AiSIR W eRAPT BRITRELEIRSYH0YS 5FSPRRS: Wht's mAr pegative symptoms
iSGPE a@g}lcggll%bé ]%aiﬁﬁ’élfﬁ. degree of 15 cognitive
I npai rient (Palnmer et al., 1999; McGurk and Meltzer,
2000; Meltzer and McCGurk, 1999). The renmining 15% of
atient who. score within the nornal range on sone .
B hormAEE A5 PR EPRITRPLR 1 BORT SeREPBP BridEs with
sEizopHRENia SA RirbXigtetn 85 Rasrgatients Wil seRizbptedil 8khib1888e degree of
patients may not be functioning at their full
cparitiMe irapairane (Palmgr eftal) | 99 McGurk endilelizey 2603 Meltzer and McGurk,

' L V59840 ' ogni 1 t] -
158 @ Flimal i 3020k lfRus Wh B QA iyt Rt gl o some cognitive
tea0d ofteint perforfius lexbRedlont therd oficir SiblihgD&1d @iratAY Sndicating that these

inpaired (CGoldstein et al, 1999). In_ spite of a )
PRAIH AR nebRiitpriRN g dheiREHE Peiertd sThexmasnttidl Rgve gbnormal regional

bg?f? b ZARRGE Bh @M}ﬁ%hﬁé %{) é’mt_:i}_ké tes e#a@f?\t/a?ioh Y SISV 2 EiShs or

cognitive inpair i ese Icits are present~in
imm¢dspd gahaty).Sustaaed attptionain albmest flhw dys impaiegpl (Sodidssein et al, 1999). In

SR P TR PP EPE GG RaPri BB EGPoEEe. pgsicaly all

paN&itdhfRsBireabing of Eonit( @ ifPhRmeAP TheWENRASAS A& ¥resent in antipsychotic-
reserve?), but can be as psychotic as other patients.

ngive prig¢ntowith dirgapirodes ashizapbigoia assvedkia madicatadechromic patients.
P%ﬁé}‘ltg Q\/%rh%“e?iQ §<l:'osf£sa\lnr£§ ge %Eﬁe“?‘%ﬂeotg’avg\ﬁrh%lsﬁgalization (greater

compensatory reserve?), but can be as psychotic as other patients.

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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menory (eg, executive function), verbal |earning and
nmenor visual learning and nenory (visual-spatial),

Wpr’é’@Ha/gafzzprocessi ng and word fluency, reasoni d§TaRG005/011107

probl em sol ving, and 30 soci al _.g£ognition. Al though it

makes intuitive sense that psychosis should interfere

Wth cognitive tests, positive synptons (eg,

Nealdpsgdhodddicah Smpa ehetss appsodtabivit aegativakgmptoms (eg, psychomotor

significantly wth cognitive jnpairnents or outco _

PR ohhetinglide hppirgients A HATHRAMERATEIHE W nigg 04 the influences
r : [ -

e i R U T

iPaHitibis2008) DhddrHdl latetlibionogdspghiaive fincabningyramphasizing either left or

.age a so%ia ed with negative synptons (eg, psychonotor

V@W%??.5? UPthe| ude a) inpairments in working

menory, b) a weakening of the influences of stored

menories of previous input on current perception, wth

In geriesalt mostipatiente shdvaa egletive, siabloicogwh vamipaiimen doringadulthood with a

PRI 2 SRR A P S SRR B v

s@efphednia d8sihe RH pEitk SveisDWears, &l @lntras wish patledts with Alzheimer
cognitive inpairnent during adulthood with a )
Disordariwhey lposenda$ polmifriea yedfe B additiondn copRtiNg HRPaUsRgd prior to the

a@ﬁeeg.falﬁﬁe Eé}?ﬁgcﬁé\é}/ss @rtl‘fé?ﬁiﬁt%ﬁéﬁi/i% H}iy 0%&“] Wit meq:[}gt\?gntehor two psychotic

I ne pol nt's over ears; I n contras
epiatdes Ratioulady, Ainphiemnemrin tleditise fdetioning, seomstc iemory and speeded
B S0 b BB L0 O OOl L TR B e he n
u@%ﬁfn@%@cia@é’ﬂ WhHY c2%¢ yc%tﬁd"eﬂiib%ei,ibﬁﬁIhis?i%r@&enﬁé‘?@ is not observed in
psychotic episodes.” Particularly, inpairment in
aldsestsu tHreeutfvgrfondtiominggs pswiculatly anraspensyvedn dnipryelis treatment. An

tor performance tends to worsen over tine.. Sonme o
e3iHen R £8° PP P RS srY B IURCAT Arpridfed Wigh € gpfpisg coenitive
irASHOEINE (@Shahtih prRast )Y m&mg@_&dume@ MiB0ffsical R¥ S DA ARipsychotics
_inprovenent is not observed in 15 all tests. Executive
indifgts thatmispgrideney alenzapinea gipyasifone 9p anaiapimetsignificantly may improve

i NS ' . ' ) f.
oSS L TRRbon R 488 Ll PR By RER e o
ingomieat. Exegutivel fusctidninga(woreing nicdeorendoca npt meaoxg with the SDAs.

| t hough studLes mﬁﬁh aH%Eical or SDA nti(ggchotics_ . .
Clarapioaties basachove fohivadhe StrenessRpiENe llsst s VaE e Bficholinergic
sidbSfft APInRE fe2é Pthfrb&abienofY | NProve cognition in

schi zophreni a, the response to these agents is rather
smal |, inconsistent or 20 insufficient. Executive

I f Ct'lzc;n? el e(v%)ernléelz Q&gg&g&rayzog%?t%c’e ipn%tairh'gﬁ{ i%vaerm\{ght tpetttmh Sredictor of
poor social functioning and employment in 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.

Mulitiple hypotheses have been put forward to explain the underlying mechanisms of the
cognitive deficits. Abnormal connectivity (eg, decreased neuronal arborization, increased
synaptic turnover, 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,



10

15

20

25

30

Cl ozapi ne has been shown to have the strongest

“Posi tive effect, however the anticholinergic side
&8t erfere with recent menory. |n addi th(dAYS2005/011107
recent evidence suggests that gagnitive inpairnment is
a much better predictor of 25 poor social functioning
and enpl oynent in patients with schizophrenia than

déatdsad ghatrae actovity, dedrerssed asetylCicd e, hyp@a®rtiGleasa (Walker and Diforio,

d
19575 8 e 20T NabicoBEF St afobt: AlEtiet al PR Tppastive

dWﬁJoitiHic%é%RﬁtsHﬁﬁ?aiioh 2 thel8RPoRMobk GRMRALALCORIIPARN Y in the
t he underlying nechanisns of the 30 cognitive -

ddwsblatsira! prefaima coeex JIRNEC), aliéreq alpbg recdplor ectsaty and pharmacological
neur onal . arori zation,, i.ncr ed .. synapt.i c turnover )

Weﬁfi*iné Seﬁgvéﬁi 'Eesel%aFﬁ‘i ‘?‘8?“%%18&‘? Eﬁ@ a%ﬁ%ﬁé“ felt {‘éﬁpga‘“sms’ extrapyramidal

sidBBEbAIRMsSers ePAr 1990 HypérdoRtisolbsik lye14 98 GlafdHrblS in the cognitive
| ongi tudi nal fasciculus, corpus callosum and in the

deficaf erodiffgrent jeaels elt & assepigied withdnapased Bhamale petivity (eg, effects on

SRS ROS ShaP b P ISR PR U s, O

aglée; icia s thigbi tieuras e ganipl finidle paiReseaisie schivophydnédwebiertetter than their
hypercorti solem a (Wal ker and Diforio, . 1997; Wl der et i
€ CONDIGIPARONCERRI Ve tests) Incluge regpangipgbstigy togognifiye fherapy. This

ot AW feY ey imulation in the
AREEEE ol B XLl ERbh T Pl e %t he

dorsol ateral prefrontal cortex (DLPFC), altered al pha
Grecepttar Restdasdd yraanedlphe haslash ogieddn sehipabiiema sinee 1976, when Eve

sion e Bedra kP R isen el fRAdrieh 3 ebon; O brain scan
stadied 8HTinned Ihip EnEiAE ehfpPheping cORY:.aPdRYh§ af@wader&b@ véntricles (for
t he co%‘['ntlve deficit on different levels. It i

reyieaoracAies Wd vani kamaar d@34). Unitiph PETHean sipdips td@gt,sified a

. i t Jq .atd f ..
RSB0 R AL AR R
ind&dateg a decressed hetivation és thetdogdolasralbprefrontpl cdremrdDEPC) in schizophrenia

tient i.th hi [ b th their 10
( eLh r(ne g@ﬁmeéqq%gqggésg\gggr@é&éc?qagc {Aegg?ggf %rgqrx}auﬁrs]ﬁ étugjlers (eg, Selemon et
algi‘???ﬁ LRGeS Eﬁ? rhéte? AGiohd &8 168828 B¥en dPiAned by a decrease in

erence cannof be explai ned on the basis of
symgpsedgengionHendritiatspiaes amdbabeazasidnbPuiing yoimaide Yedgpment neuronal
been ngt ed in schi zoEthr eni a si ncei\rll1976 when Eve ! rticularl
PYEHis<r8 48 IEHSE b T PRICBFTIPE OB AN YL REHING '@gﬁﬁ Rfce partictiarty
Sl ZORRE@BE.ABY BWD a0t wehald alkdad$ ¢ 50%dfdhéefeurons we were born
confirmed this findi ng enphasizing cortical atrophy )
withdimiheieprmah besipsynapiegenasiseand sypplic reduction takes place Concomitantly.

Long-term memory (learning) requires neuronal growth and synaptogenesis.

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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15 review see Goetz and van Kammen, 1984). Initial PET
scan studies identified a hypofrontality (Buchsbaum et

WA 20058352 which |ater was clarified with f MRIPERFIEH11107

i ndi cating a decreased activatiogp in the dorsol atera
prefrontal cortex (DLPC) in schizophrenia (Berman and

Wi nberger) as well as decreased neuropil from autopsy
$MiRdisaslietegth Getkerpmemory @bks)iderTified ddercredJAP TR agnayy. This is in

ter without, cell Lo en lLal ned by a . )
R GRS Ehmp b TR SRR GRS <R e s fgisgpulation of the
JIPFA gatrbal cdaek i1EHds RO hdtBlatiShe ¥ eIhe RERPIralNBbE, Bdhot in schizophrenia.
%;unl ng and an increase in s napt ogenesit s occur.

tensiva psyshophysiplegik &R i Devdies idenrifigd algaged egpnectivity and
R A S e R A
RERITY VasRRIA0E RS bfai R BELas HoEdRtivated BOhIthYBodtake8uring certain
pl ace concomtantly. Long-term nenory (Iearning) o
EREN Yedtasksd VK& RElEY 8 dunk-Kidiart ably WA py igpies] byainagtopsy and imaging

. i cat i - :

efiGR, 1EAR i UL 5 R AR, ikl dtReuronal mass, decreased
arbesisatigpaantliabteded slyaptio préteink pdepreasdd syoaptexforrhaion) Jak diltle evidence of
and Beckman, 1986) have been reported, . al beit not .
ESHImSHORE] 19SS SRt PiT %ﬂ%&owﬁ%ﬁgﬁmﬁr&aﬁ@s@emns (Lewis; Benes
BE4T 0y RhRIEER idenfil 68 €Gra MA@ e bR AR RBFE Michhissociated with positive
epi dem ol ogi cal studies of increased incidence of
gey/repative syesoms, agiwell as3®ghitive defigtssandqoor functional outcome in
hcrehir.mr @ha%e/ ischema in utero in the 2nd or 3 d
PYTHRRETEF and perinatally (in the presence of genetic
abnormalities) let to the fornulation of schizophrenia
as a disorder of neurodevel opnental, ie interference

Wrirg nivere tre vas AT dEeia) vobrants, whiks rapilesx Yihils seadter flevedqps over time and

S G ShE 052 BRSSP B g 2 aby newroms

piundhgemdwictifonaldobd (3¢ grapmiattet)aSWdleicdeaitial fdsedati@careassmthplete their
DLPFC activity. This is in ddition to decreaﬁgdl . :
POFinALion AEHET Brateirgase hepeNal corer g% 1) reash i myelination until

g&ﬁcﬁwl hd @5paffind %tenpispa'r:]%r% e 1ant & becrﬁgéliﬁfrﬁlttéd‘?ﬁglsndrﬁlal myelination

ctivation of the tenporal "Tobe, but no
sctwicropirmehéenduction ismeiwedpdiychusionds teadfymatvReumpebtectant, assuring
PET studies identified.altered connecti Vi and, 5 . .
PR AT B UL I G P T AT SR i tekreiaed qpduction velocity,
Akt xtpos ndudortiytp dateédsvd inétadoEO tdxiky TaBetkana aidedriehds in@asuronal
noted in other brain areas not activated in healthy
BRtiening bawp rergrveandagsilience. However, myelination is not an indispensable

property of functional axons. Axons can 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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cognitive tasks (McCarley et al; Liddle et al). Wth
i nproved brain autopsy and i magi ng technol ogy,
WRHEEIIF 1 Bat i on of decreased neuropil (eg, shrilKAGRGF011107
neuronal mass, decreased arborgzation and altered
synaptic proteins, decreased synaptic formation), but
little evidence of 10 actual neuronal |o0ss, except
dimaitiged oo halselimydlimiati ot procGABAe begresugpesed @ arankis et al. 2003;
(Lewi s; Bepe et al, 1999) have been identified. Gay
Prm%r%aéfenae P '@é“%@'és%‘@é'ﬁn%@%"&ﬁl%’tt&aﬂ FRoRefosi ti ve
and negative synptons, as well as cognitive deficits
and poor functional outcone in schizophrenia. 15
VWi t ® mat tAarest esrmdlibyefindiiohiincremsesi o MBIs\Antieasen et al): a decrease
matter. Wiite matter develo ps over time and  continues
to eXbERIVERHNERYVE A B‘"e'EaaS&é“ SRR TPHETaRI 9T g~ @beafeé gecline
SpPac Ry 't»ds @tn@bé (ﬁ/@f‘ﬁﬂl@azlxsso&?ﬁtgcﬁ“\antﬂ AGE n@?é{f\%réghg
(see gray nmat | e cortical associalion as
conpl ete thelr nyellnatlon after the notor areas, the
prefront al cortex does..n reach full nyelination

unti I® puﬁﬂ???na*ﬁ§‘ﬂ853ﬂ#ﬂgmg 8temis anong the
| at e&iecl;éaséa%im%r b8k g‘(;henEﬁeyaeermﬁc el ¢ QP 2RO 120 1 and 27% in

occur normal conduction is required. Myelination s
the Udyer Veand Vildob ot ot 28Q%nin, theBEGrand gaudage (Mighkawa et al, 1972;

neur ns aire nation will cause
decrgﬁaeéC g})%d@h gﬁ’r@ aggp?}nwdée)md expose neurons to
i ncreased netabolic toxins. ThIS means a decrease in

neuronal functioning, brain reserve and resilience.
However , Mjestrion aicerscopy: rabtlowhnnﬁms}i@m@@me opmyglar thgath lamellae

of fup on?arl%' @;ﬁ @?@\?skgf'au%?i 'ig@o TORahiL8 A z‘oBQiJ#nd post-

rryelln 1 on. ‘one cr| erion

neur amor@ibrahs Wiyakhws et d9BB 20 egloesaes et 4l, muooﬁ:oncenmc inclusion
natter vol une have been reported in the PFC

or al
| obe, bodigshegssrndrmellasy msatoé shypathyROmRagnG s S‘é’ﬁllhlné gﬁ?ﬁrey et al, 2000;
t hal .
schi zop I?ierre'3 ﬁ?gzm’r evi ea&ggtggls ng:ﬁg&g%é g‘:m Slsbf 555 Cel]o? eath of
Bar t zakdcslen@0629s andrfoeal dietriyehnatamntas s ¥ S ad 113:®ea3e mebdterochromatin in
studi es have re ai red ation in
Scht wop Briracesi BEC QRO Fl e T i te

matter have been associated with inpaired cognition

and i ncreased negative synptons (Kubicki et al, 2003;

Li m et al Abmmli’aieein myelirlgmgnirﬁ@@tﬁigl Btan@ﬂer R@@@O(MTR) or Diffusion
200 o R {IE‘EI 8 Whic? St fract MRI studi
comparsdy ??é‘éﬂ )6‘6‘?%’??‘81; %“‘?I%P&"é’éé‘éé" g Racty Ypgh MRI studies

2005h@%/ihdidate@ih 2840 aatibd {myeKnation) 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
DTI 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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di m ni shed or halted nyelination process has been

suggested (Bartzokis et al. 2003; Andreassen). The
WOYHTHE observations have al so been report ed®CT/US2005/011107

Arrest of nornmal nyelination ipgreases on MRI's

(Andreasen et al): a decrease 5 in relative brain

grow h, a decrease in gray/white matter ratios -

sGhEadRE ofl B6detved thI iR Rainedid&ich. degticliriByounger patients show an
associated wth nore negative s¥nptons Abnormal i ties
increase IngpydHuielgd gene Bek Yiba ydile dlgas &ragpelinian patients show a decrease in

S a i . .

1554 SRRSTARAFY] 85algh; PR &858 ERry ekt ok

geGeanily cramncba;tcmc( dﬁbympamemt 1rain,ye13191't'15n finBBy cleeout édtemiln life, with the
1994; Keshavan et al, El ectron M croscopy:

8
asspriaieAaRRId detenpratign i %’é’ﬁ‘? al)éﬁwaéleaﬁs nyel i n sheat h

lanellae in frontal cortex biopsy (Ol ovskaya et al,
2000; Uranova et al, 2002) and post 15 nortem brains
FoVepe disaomtecwity (1)9ﬂgsfuMiomvhmymrdtiteature)ZWO&eses of schizophrcnia

cent ion bodje wee SS
CRBEFR e figtic R ERCiope RHSA L SHFEY nafioay R5taghe hrdmation
pleRtdsiz dfficalties 20 hizophiedSwith gARORARS inBn@RAAESAI0R¢ Vithout invoking
and apoptotlc cell death of ol igodendrocytes and

whige aatigesiperinalitidscAnkygeeantlyhas ayveakil pbHsec white matter studies indicated

FREPAPYRAERIG, doRorh AR Ard fle GRY AR BOke R Culd hrHARK R lar in the

ormali

whhg RatteZ@4dt0 ThE hamstievel dpahérms l'(yWﬂR):sm badeid fubuss iy matter changes
Tensi on | magi ng (DTl) mneasures ano tropy in [

emw%matr\lmesonswé ﬁcmmpl%%ruer%% A SRS AR GS CaD aduithood. The peak
ox’gs@ﬁ@i* srcﬁ% Eﬁr@hﬁ%b&i@ il P fg LR[thO8Y bt dnSRIP Ecﬂlicﬁ)‘l‘a}e?ud &hn occur as late

chi zophrenia and significant correlations wt
acinghe fifth detaslst Thg revent nepoyat q)ii/\ehlwmpltmangeﬁonmgh@ﬁfth decade of life

25 2 2002: . B h b 1998: Li t
R R T PR OPBIE i dpormgon iy esHophitoppisigpt with the
clﬁ’hceﬁ@i@t%; 1629r9 e MYnkétn®@tth@k03998, 2003). Rel ati onshi ps
MIR wth COgnI tive scores are not pr esent

|n healthy controls but in patients with

B%a?ztn] frhgé) th%s hg’\%l R?Sﬁa%(%wgé]?clé%sf l&@é’r“a\/oﬁﬂﬁg\"}négﬁd c'E?@thy or brain

nes nv nati on are dbnorna
bi®6H ﬂb@phrspéﬂzﬁc bfaaviegicni (@ DIFE02sugpkaitiaducaized brair2@6i3n(s) in

sclk_ml?zii)%lktre(rel}a (%lele'mo%log}%ldm%%nlgeriﬁg P?éne?) 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 TBL
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2002; M mmack et al., 2002; Stefansson et al., 2002).

Al t hough these research groups have replicated in
WHeeYW12hei r nyelin rel ated gene abnornal it i ETHGH05/011107

all groups have identified the_é/_\o 2005/ 097122

PCT/ US2005/ 011107 -7 sane genes or observed themin

the sane direction. Particularly younger patients show

ihord CHRfRAGR inferpiéalion of fleatatds @R @nasit otial Yypotitkis@f functional
ol der Kraepelinian patients show a decrease in _those

Iggians dn paberaplresta. gihis faperionalggiar may wgll be pghe ympaired white matter
tIP Et?%ﬁ'ﬂfat%l L%ﬁt:mtan:elcrn tll(? gﬁﬁfagc?{[ﬁﬁss tetng?drg%lﬁngtgl & (g'ﬁl —gﬁnetal tracts (ie,

dfactreatleﬂ ynik oo oY) tvithaD'EY or MRI'[I M) oviitlthet i}aapﬁc asgth @ttkeneurons
pid deterjoration in those ol der patients

(7§é%lF]§ et g. BGHAoone ¢ dly Ly et fdy%wﬁéwne hdl, b?%ﬁ)n&"nectivity is the
aeﬂilg\h I%ﬁ), ngxragiﬂo%@%@éor%glggs}h g'oﬁler (e%c@%f Several
an have

riston een at pai to
ireoepﬁlwms hine shnﬁmrthatsb'm:hrow mmsnmgcahcmfbec\ud:m daﬁenent brain areas is

SRR BR T HY AR e riS0 o AR PEau o0 997 Inother

WoBde tHel difréyast BraiBRbdshwhichiiBes @ WhikitBedtBd iR theShpey Efcuits in the
indi cated that indeed white natter abnormalities are

nommesd émnctlpnmgévmmoqem fenstignallyndisqonnesaed. | Ehgsadiscannepiavity hypotheses
tter T e '
W aks GRS ESentd BELRced RECORY L RAGHSL SR IRUIB) olHPG HERERul areas
1saﬂﬁagtto eécrs.ecshcﬂ ra33) ﬁiltﬁredll hé@iviadb® of tk aeeaigdrg seeronel dicuikgWithout evidence
adul t hood.  The peak onset of schizophrenja occurs in
of 457} cald IRsions sEngirena it Alred EWIaPHp RiTeHAth, TEpairesd myplination or both

nﬁ? mﬁsﬁa%@;%m@ﬁnﬂe@ntxﬂ aflﬁif)ﬁé:h %ﬁ?ﬁgﬁ?eszgﬁn%%ﬁé‘i‘ﬂd& Epftlﬁl%cénons have

te matter changes I I ft eca
bdsml\mlsathdrdaeﬂhhethammbm@mttermmnnmﬂitﬁmuh sbhsophreact dre hased upon a

pses e nsi st en ni ca
P BOSyRICR GEnty dHEBREE g e beyided T G gPRg g atees. Such
aﬁeérhi%rﬁ?nzl’ﬁé%rd%@bﬂnﬁﬂ&n@ﬁie%?ﬁ Qvkink & horyOprébBssing speed and word
met abol i ¢ activity or brain ™20 blood flow in specific

flbenslynasrwe)l aamegpdye sYDURANS. suggesting | ocal i zed brain
| esion(s) in schizophrenia (Sel enon; Gol dman- Raki c;
Benes). In spite of the evidence from human and

Fand{feiend RAC1QMiSE bhe Sraih BRlups pPEdurd® dimdiworkeSeddns fif@yt the same
cause nmenory_and ot her probleps in cognition, there _

tim (bR iFab oA lforations e His esniopisity| (ST eeiely firing) indicate

1rfe§|¥cg¢l,n\f g’gc e?feétwyh%rgg(%gﬁg 0@1 i éf%ﬁ %‘g{%’?ﬁ%‘)"ﬁ%ﬂt’%"‘?ﬁ ulsed to identify

cltzm geallmru:bmﬂlyznsu oklospe Clef latr:nﬁﬁ obamplntute singrikydegvaveragedle voked

re;sHQer@;: Zgﬁﬁx gg gggﬁ Iiloe(?zgtle(? 8ci>t%rsftia?£ (ﬁ ea?ft: E]Sr‘,bu\g';lwee amplitudes to a specified
repeated stimulus. The amplitude of such brain waves will be significantly larger than when
neurons fire randomly. A larger amplitude suggests more efficient processing of the stimulus
and greater synchrony. Impaired 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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psychosi s can occur in patients with white matter
di sorders such as nmultiple sclerosis (M),

WP08TMY 23at i ¢ | eukodystrophy (M.D) and tr aumatA(d/B12885011107

injury (TBlI), particularly wheng | esions occur in the

frontal cortex tracts. In M5 the white matter

di sorder par excellence, psychosis is associated with

fNIR gcrivatidifeg, IH9pb oRByparadtiveryf sroatiadtiomauftdeferemdviebi@nMdeas in the
occurring 30 in adal escence or early adulthood nay

riaiad.cind the ingpapred gecialamdAgpgiioaal qutcons injsghizgphieiges

associ ated with psychosis when frontal white matter

tracts are interrupted (shearing). Schizophreni a,

Ini subondry sieghti vedsyntpitda fpramirg enduring sysipttdies ef defieit syndrome), cognitive
associated with different whjte matter disorder than

iRAITRAcR. sRereipsYNEPRYSHEP g0 b i TAGSETEEIn Y FReFs may aj be
&g)'I‘e%siBQMnl drﬁﬁrlyﬁ%q{yﬁ&%ﬁ%t%ﬂ{r althed $@iRiohd &&Btecture of the brain:
conventional hypothesis of functional Ilesions in

e Hearegshbd eoridactidthivelofign sedondary th esparedmayelimation bd $ymaptic weakness.

the .inpaired white. mafter tracts .such as unci nate
INSREYE ST Ramsy el Bsbor R R A tselefires Kot as the ABR p300
d dteyanp anipihale) Addbiam imMaing e EIFRAMAeR0t SRALIAPYE magnetization
W th DTl or MRT MRI) or in the synaptic strength of
transfen MR lonay Brgrye WetkiimprovgmenbpgRndigsionyelacityjand myglination.
et al; Buchsbaumet al, 1998). Connectivity is the
ability of different brain regions to comunicate wth

ach her ty ¥ : i nv ' . . )
AR TesARE <89 BB AL Sbofes HENRL e meR SR LITLE IR Rt than in he
gtnkfabpepul atiohaGlucarepathtery abadinealieids havesddol beep hssoiaged with the use of

(Cd eghorn et al, 1992; Liddle at a]; Wodruff et_al,
gpIchotiqmedigationshsraelvashard, Garobhbiaisy 092 Ra004):337-45. Newer

. dot . 0t he L : . . '
R U A
adfessBRBY t Bk ladheSEPS i ssdimnettoibeiduy ththeotlhtsdy greater affinity of these
based. on ned or altered neuronal t

k e .
TEak ARV R P AR OB edS Teceaten (3P Al Rteseygniional

QunRlfaek eHodeldry Bid PAlyRIeHBLaMAR P HHBIME 1BRISHOBR! for the development of
circuits, without evidence of actual cell |esions or

etabaliscsidel affests sprh ay, dor expmphe. ighicose iairderance, ppwionse type 2 diabetes,

el.i [ Bi-s. di;S Cll Vi .
B 1B 8D n B AR SRR Sl roni Rescar
domde 15 been rai sed whether these white matter
abnormalities in schizophrenia are based upon a

neur odevel opnent al di sturbance, as is hypothesized for
the gray matter changes. Such, alterations nm

Toiabstesis @ aroymyeliraptabofrdipgpses it Fl??éa%%l?ﬁé‘ﬁh,ypﬁﬁ{b@é%%ﬁ grgociated with
&P&%n%liﬂ@é&etiom insulin action, or both. Diabetes is widely 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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fluency, as well as negative synptons. 20 For
efficient functioning of the brain groups of neurons

WEY 20850tk s need to fire at the same tine PCT/US2005/011107

(synchronicity). Alterations in_fdis synchronicity

(simul taneously firing) indicate inefficient or

i neffective processing of information. Such responses

cpe, el kideg.to i dentify changes in conduction

velocity (ie, latency of anplitude, anplitude).

Aver aged evoked response (AER) or Event-Rel ated

PRk h%é%&é&%ea{a%s% MR ViRt foTBh bt UsSSciAted diabetes is unclear, it has
speci f1ed 25 repeated stinulus. "The anplitude of such

Breait hypethesszedithdt higargingmand prasibl yseraerpegic rhiggonprannduces weight gain.

urons fire.rando . A larger anplitude sugge .
e SR R RO Kby BB A B PARA S Bugy o postatme
SHANGBFRGn 1 A B L6rEshn GHBRUL teake ﬁjaﬁicﬁﬁ'tit: Yetaetl R€&Sponsiveness, resulting in
t hrough white or gray matter alterations ma [

| t el S expl ai n
tineppieRrietely oy inarlip pad BYRsT Sl ypyiai }éméé’ﬁxca!at&yei?% Oet 15:44(8):778-83.
results in schizophrenia: decreased reaction tine,

i ncreased | atency and decreased anplitude on AER 30
(Ia@00PINOFDMORed 15 PYsiticletneat ddigafamahicbplregat-ikmbtv as atypical
(MW), early response of antj- sacchadic eyg. tracki :
(E3PERchorscr SRukdhayp fa&elsowmrn@ frcsicd Ssk iy gialgges. This, there is a
'H?%ﬂlﬁlﬁ& QA htQiko ﬁ%eﬂ%ﬁ?@?&%ﬂc URLHIUAES that have no adverse effects
processing, Inpaired backward masking, 'verbal o
fanugwesy regabationmalt ids@ olgay herthe iPaTe4dS20 08p©Yed @nidiabetic agents to
-9 MR activati.an(eg, hypo or hyperactivity, or

58”%@(“?21}? ol SP@?%?%M regional areas in the brain),

and the inpaired social and functional outconme in

schi zophrenia. In sunnarg, negative synpton51§§rinary

dﬂd?u} isryvadipaprdepesdent ke ehannel %yﬂ@ ptgﬁ%h,oug%,g %we% as in other

| D" B kndPbf RY S cﬁ?ﬁﬁ%ﬁ%@ YaLPliAY 18 @ﬁ?ﬁ%%@ﬁt'ﬁ%ﬂleg&-stimuiawd
responsiveness nmay a e expressions of an

unddinryleng. by paatvaleedieativieblarkeadft tbe eKivE. biniednnenfllspidine derivative (C-

architecture of the brain: eg, decreased co i o
e oo e B BR 5 L5 2.1 channe

i ARbd & HRAHARS Snhan 4Rl fose Rzl MEBlin &@ﬁaﬂste (N6 et al, 1996;
eficit, psychophysiol ogical neasures such as the AER

paadon@aldetah APOERO03Npl i t ude) and brain i magi ng eg,
di ffusion tensor inmaging or magnetization 10 transfer
MRl may inprove with inprovenent in conduction

\B1b&iGidE ¥f BR A 3rohehidlalids@Beentlbpet ¢oweewiiacraad ihyafia sénsitivity in mice
di abetes nellitus are nore comon in schi zophrenia

(et Bl 2000 Tefendr By 1-p spesiaeitonice epridessavighittamcontrols when fed high
q?ﬂﬂé@?kh%iﬁ?z&ﬁ%? al so been associated with the use
0

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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WERDPEYERRot i cs, so-called "atypical anti psychdGEIgs2005/011107

i nduce m ni mal extrapyram dal sihge effects (EPS). The

| ack of EPS is believed to be due to the relatively

greater affinity of these new antipsychotics for

certai n nondopam ner$UMNMARSPOSTHE NdNENIGON ol der,

conventional counterparts. However, this polyreceptor

@f y nst tnY apn@}/cgggn 1%) c&gﬁlsngéé c{ gfr cnﬁ‘ngr?cugééﬁl ?&%ﬁu&%&d insulin release in a
E@lﬁ@it Gﬂ’ ﬁédd&herﬁ@ﬁl\l-m&itaﬂt)epph&tldh ai‘setgﬁs\ndé’dh ﬁhbﬂhbétof treating

et oaci dosi s (DKA) and hypertriglyceridema. H Jin et
sehizepbrmopHl erglacqreaidalpiab nzma%ltleﬁmca@éﬂggg dminigpriRgR compound of
EBnHBBﬁ“&?L h}&tl(—gllt fEARATaALLM Characteristic

ypérglycem a assoclated with defects in insulin
secretion, insulin action, or both. D abetes is wdely
recognized as one of 25 the |eading causes of death
and di sabi | i t y DEMHENUDESCRIBTION GieEHEIN VENTEONUSA
al one of nore than 169,000 persons in 1992. Its tol

i ncreases every year. There are several different
m&@& th&es%@hﬁ%@&n SRR A lé/U‘?QIdlrlﬁ.‘s’élbéés derardeipbunds of formula I
di abetes ma range frompredomnantly insulin

pewidst s guentanibinal cat afbdodkireg prioperties fog |beﬂ1ctiae potagsiig0 and sodium

edo]:yaﬁgnt |'¥§}%ec : t Or gfgﬁ) \gﬁrgpéﬁg?s szﬁlg ﬁhaf éhese compounds are

Badfhl R Rhaxabtutic ABBNtE l:‘ciil’ﬂﬁe ﬁéﬂﬂm&ﬁlﬁ)f@feﬁi&ahﬁsﬁﬁ@ digeases or conditions such as
i ncreasing. Persons wth diabetes experience

siudiinle pdamesisi Ipinmd serddnigr v eHMaEa bR FowRYAnd airpka. y The 191 application
e
%]%Q %s}i@)@c—?@e é{ tE%E?mB%thn%g aeeﬂrmsggﬂ gé&b?x:%locg déh\%lggrgaet]cln ihe'tréatment of bladder
irfipioh antt desfgadions thehreagndnin ef segrhl, cN&ﬁltﬂGﬁélrﬂﬁ&’dﬂZﬁhm (including
PCTI US2005/ 011107 -10- eye, and kidney. Al though the
ARG CRAIREANISPEIPABEC PAR anti psychot i c- associ at ed
di abetes is unclear, it has been hypothesized that
hi stam ni ¢ and possibly serot onergi ¢ antagoni sm
i nduces weight gain. 5 This antagonismis believed to
cause changes in glucose regulation. Scientists also

postul ate that serotoni nlA &kt agoni-sm m ght decrease
pancreatic beta-cell r( A ess, gRyJ ting in
I nappropriately Iom1|n§ﬁﬁ eTeggéhla. Bi ol

Psychiatry. 1998 Cct 15; 44(8) 778 3. In 2003, the

FDA stated its position that ugs for
schi zophrenia - known as at ical R2
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mis0, 1 or2;
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10 anti psychotics - should have | abel s warni ng of
i ncreased risk of diabetes. Thus, there is a high

WEhBY/ 09T cal need to find new antipsychotic PCT/US2005/011167

therapeutics that have no advernse effects on glucose
regulation. It is also clear that there is a need for
i nproved anti di abetic agents to conbat the diabetes

epi deattcR islmdKpetdenil ghedrogdnt, hgegce pefhaeametiyl, €halyaldyl, C;-Cgalkoxy,
found throughout the CNS as well as in other tissues.

g
Bl oc S0/ OfY> RYSTOXY CHHARERRINPAs been |inked to
enha nt. ; - St | at_ insulA ease. A
put a?ﬁ% \g/g%}ﬁssiglﬁe ctnikj%lgﬁgl?%% er’ g¥ e?%HéMKgg .dfag:{ﬁgs}r%hel
[ bi sl dlgakkadeylj haogane cya@o, L)(D)Enkaaikds-C;-CsalkyleneCN, -C,-

| uc -Sti ed insuljn | ease (MgcDonal d et al,
005} alkglsng A Rueeiie L1 S 8 e ARy EtShroer C-Caatkyl
he pe t:gmﬂeﬁé@q@)@;mmyr 88 ROARSHIFOAeRdin Ny is ﬁﬁg@gen or C;-

t
20 Machonald et a 001; ~2002). Bl ockade of Kvl-
chanf@tlsyhas recently been shown to increase insulin

sensitivity in fAi u.et al, 2004). |ndeed vh. 3
oo Reb sl Gt Ghr T por G ouia PP Een, RldoRy gr beneviony,
hi gh C,f@klkdhat 6,-Cutkedylal , 2003). 25 A conpound whi ch

bl ocks either the Kv2. 1 channel or the Kvl.3 channel,

or botR:CnEgalkdt olorRs—HEn & extareinRsde Ch-Soplkylepg .t eatkenylene or C)-
i nsu S , : = n

For eSeMIER i 1ESBRR Pt Yol HERRTSI RO, EL S or
agentlterkati telre thegreyp ANR ' Rippsanchdld st 1 -pgdolidioylabddy  has

t he i.ljty to enhance conduction_ vel ocity and repair
wh ¢ dxibEYdPEEh Gl Ah B0 M ok sy er Pyt

anti psychotic nmedication, i.e. one wthout the
propensity to induce diabetes in the schizophrenic
Deéinitions: popul ati on. WO 2005/ 097122 PCT/ US2005/ 011107

_ in. L i, ' y »
U TR s e s g g1 DRBR B o R, P "Br atkytene

meafdlh bianélRldersaaight aqairpakyled}tangneﬂ&e@duﬁ,meﬁ@aqf ropkfa€ to the formula,
i nstant application also provi I]es a nethod of treating

specHieddtihe AR RI/carbogh incBe el & S &1-&b Al haeqnsi aape, two, three, four,
i gp%ik 2h88n %{JJHCH%& %)Iﬁgtf‘a% andif gﬁ(?fi" thalﬁ§/lcne'5, aE%e”&ﬁEé‘m'a& ge, or any
a pa nee er .

lent In
ranges thereof, for example, but not limited to,C1-2, C1-3, C1-4, C1-5, C2-3, C2-4, C2-5, C2-

Ce6, C3-C4, C3-5, C3-6, C4-5, C4-6, C5-6, etc.

2) C;-Cgalkoxy -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;-Cgsalkanoic 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 alkyl

group of from 1 to 5 carbon atoms.
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DETAI LED DESCRI PTI ON OF THE | NVENTION United States
Application Serial No. 10/076191 discl oses that the

wWeOMPBWAtE of fornula | 10 provide a unique PCT/AUS2005/011107

combi nati on of bl ocki ng propert1$s for both the
pot assi um and sodi um channel s hi s uni que
conbi nation of bl ocking properties neans that these

SPUR@YAEnE € THesenl IC, Lxalkasds @ Rl inéarPg 8fiup obefinddts removing a
treatment of denyelinating diseases or conditions such

aylronygronp fremsidip spdoK ¥l erepp Ak Cc&a@lkml%wd andl ghigpeif Jneludes for

BP0V hohE R hodutol kb s e

gr@hpé)cbﬂtalhed bpremdieg & hgedrbrm gto@ffrdm arédxarbok§l grotp batlkewvic acid,
and dysfunction, the treatnment of visce

dke1 G AR aliginic BelineERaTEN el Agus. ?ftlﬂﬁtﬁ?‘?eeIIE%JFW)ngH‘{Ude”Ved from

fRigeaAuZ: o BRIy bt el Bt e P 067122

PCT/ US2005/ 011107 - 12 each Ris i ndependent Iy
uaqr omet h

 hal fl - C6al kyl , : .
%Iyq]é%gen a I?}g o, E’/IP{’}I Salt 0 )?Xh%a[’ AGdcAddiian salt of a bpsic addition

eBilt Wisich ﬁ@%ﬁ%ﬁ@]@tdrﬁh {h¥ WeaGiRimt ofpatieRB!fkyihe intended use.
Ct - Coal kenyl', C, - Coal kanoyl , hal ogen, cyano,

-C(O Q- Coal kyI - Cl - Coal kyl eneCN -Cl 5

?lélg%mg&ni\l f@'ﬂ gh@a@ﬁ gg‘rﬁ 3889% lk’a sean$ %89 toxic organic or inorganic acid

arﬁitrdﬁﬁaalt oy Hﬁﬂﬁ@é@hﬁour@ ad:pk'ydented by P@Hﬁ]ﬂd)IRﬂ-'\ahg pélthintdmediates.

i s hydrogen or C- C6al kyl;
Tllustrative inorganic acids whlch fofm 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 atkaline-earth metal hydroxides such as sodium, potassium, calcium,
magnesium or barium hydroxides; ammonia, and aliphatic, alicyclic, or aromatic organic
arnines 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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R2 is hydrogen, C-C6al kyl optionally substituted with
hal ogen, hydroxy or benzyl oxy, C-C6al kenyl,

WoI 20807 ¢nyl , 10 - CO2Cl - Ceal kyl, or -R5-NR RPCRABRES{11107

R5 is Cl-C6al kyl ene, Ct-C6al kenyhene or Ct-
Céal kynyl ene and R and R' are each independently
hydr ogen, Cl-Co6al kyl or alternatively the group

ifRthedsrientadoalof thesr dkopy in glateli hyhcludeseniR3r | lrﬁage lsomers
rogen, nitro, am no, halogen, Cl-C6al koxy,
&naatomm pgyvmemfémﬁiéﬂanﬁ.lwwg anﬂ)w%lwpf HIRQUR é? it more than one

E’H&:ﬁ%ﬁﬂt%f el éﬂ‘e%‘ét ﬁﬁr?érﬁfhbgés iU %ﬁbﬁl@ﬁ hade éo%dﬁeré}l kyl™

neans a anche or s t chain
aIkyI or alkylene group, as is appropriate to the
speci fied by the amount of carbons in th

apkyl’ahf@t gheansg. W%‘P‘RW& ot Audal. 39657, 108 GBI R uice, dogs, cats, guinea

E&{éraﬂ drygesogucﬁlaghgﬁg,%on branched or strai ght chain
yI or alkylene, as the case may be, or any 20

ranges thereof, for exanple but not limted to, Cl 2,

g%) aTr o 4"‘tr6ﬁt1r§’ r%%m%to %evgite argptbgl)s eépm&tg% cauSann of the

C\%ﬂ’ﬂf():tgﬁfs eRh&eInM Shpdiay 8f p&inanBet idisesh to tp&ﬁreht&iﬂﬂow the appearance of
al koxy denotes a straight or branched al koxy

gyrnmpmsaﬁ‘th@ame@rﬁ@rfl@s % cerfiBen at oms. Exanpl es of

said include 25 nethoxy, ethoxy, n-proxy, isSopropoxy,

n- but oxy, iso-butoxy, sec-butoxy, t-butoxy and

32} aTrbpaundalby effeckied ambant mEent axyaming ofitie crmpod)d which is effective
%en - Unl ess otherw se stated or indicated, the

trb'if ARG thrgeames i pqrdefe disease G5 FPRALON.chl or i ne, br omi ne

or iodine. 30 4) C, -C6al kanoic acid - Unl ess ot herwise

stated or indicated, the term Cl-Cb6al kanoi c acid

stBlhI“thnelaicaﬁy baxplable caviat” isa wim-whic debveph dispsrphnt, excipient,

gqujg%)nf of gt }%%F:%%ht g{cgﬁgr } nv?%gx?:gaﬁg L&y d%r E)unporggr to permit the
Rirtlalior 909 hRA-MhOuticallcbniposfabn & Kaswayé formﬂh@alile bfrhdmlmstratlon to

G - Coal kanoyl shall mean a group obtalned by renov 5?
she m;admto@negqmmplefcrf@mh heargigr isexahargresypcaly aﬁceptable oil typically used

E%;%ﬁ%kﬁ%@x gg&ﬂﬁland thus it includes for

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,
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instance fornyl, acetyl and the like. The terns
al kanoyl , alkenoyl and al kynoyl shall nean groups

“@b@&ﬂﬁ@ﬁnby removi ng a hydroxy group from t he PEIFUSGKIPI011107

group of al kanoic acid, 5 alkengkc acid and al kynoic

acid, respectively. Thus, for instance, linoleyl group

derived from linoleic acid is an exanple of the term
affk@nOydncasnd @fddnetﬁiviqkmf\tﬁou@) afiPhyseom dedonic ahpagity, volition and drive,
acceptabl e salts" neans either an acid addition salt

apd al'59%9c addition salt which is conmpatible with the
treatnment of patients for the intended use. 10 7)
"Pharmaceutical ly acceptable acid addition salt" is
Shyraoenistioxincptomg éall mtotwd oad)aategorisi positactdintlinegateal Positive

of the baﬁe conpounds reﬁres ted b

i e%ForrruNI.or arI]J¥ l
SYMPOESTRIEH! ARGROESRET distPI QT RfPEl Uiy a RicgAE; Ygipioms reflect a
Hﬁhi%htl&%mo%%ftrﬂzl%lnﬁl ffbtichsi 'P%EMQ@ sYMBIORBIAhAGAL he following: distortions
hydrobrom c, sulfuric and phosphoric acid and acid

rethalight abniensdehusions)s petceptiomdhalhscinabiges), lgguage and thought process

.t hophosphat tass un1h rogen . .
e AR Vabdn SR R Rl HORART, GltP ipreauigeg gr cumoni
béledvitde NBgativeRPmptottis-inélode tmlfon@oﬂgxgelsnmtlaﬁs idshe range and intensity of
Illustrative of such acids are, for exaqﬁ acet i
gmptengl xpressien @ffeﬁy\{qﬂqtl@mqgﬁpg heciluegigy an p@ductl\qty of thought and

| r bi c,
S P10 o A 5 B 00 B84 o ol o)
phenyl acetic, cinnamc, salicyclic, 2-phenoxybenzoic,

t ol uenes Ifo ic acid apd sul.fqnj ci ds ch as

BartRulAEE e GRS SOOIy iP By QLRSS T g pmethyl, or Cir
Ei.dikar R? ﬁ%ﬂ%@n o, & aRGi; ‘i{gsis"‘h?cﬁrogéﬂor ® Cga‘l’}E}'TEi@g is®d8rogen, C;-
stch’sal ts ‘carm exist in & ther a ydrated sol vat ed” or
Sedlbylamthiakoigby, aad Iwel Po d@mhﬁopmfertqqi cgmrmuaﬂs arg [fepse dihgrein the amino
addi ti o t hese ne sg e in
Giey e SRR s ARTRARER Rk "2 BRI R Srpound of
Pbir&illa T & heRAPRB iiSAfinbAnt iedifaché®® thaspokitioA® the pyridine group.

generally denonstrate higher nelting points. 25 8)
Pharnaceutically acceptable basic addition salts"

%?%OFETOIB%I‘%%AF e?{h'g ?9&% 31“ fgffﬁtg%s&/ ﬂi‘gkﬁ; itqgcﬂnn herein as

: Hiﬁ’tl&# ﬁfhﬂ(&tﬂi&m-ﬁxmn‘mlh@é) dN-propgl-Rahéthplet Hilindiie-1-amine] and IIT (also

Elkal ngﬁgggﬂ%ﬁghiLeaé&ﬁgé:de Sucgpﬂﬁh] &E%gipg%g?amopanmuMﬂy

gﬂﬁgﬁhﬁ and aliphatic, alicyclic, or aromatic organic
O am nes such as nethyl am ne, trinethylam ne and
picoline. The selection criteria/for the



appropriate salt will be known to one skilled in the

art. 9) "Stereoisoners" is a general termfor al
WiOep%93128f t he individual nol ecul es that diff ACTNS2005/011107

2005/ 097122 PCT/ US2005/ 011107 _4g4 only in the

orientation of their atonms in space. It includes

mrror imge isoners (enantioners), geonetric

(cis/trans) isomers, and isonmers of conpounds wth

nore than one chiral center-that {are not mrror

i mages of one anot her (diaité?90|s~ ers). 5 10)

"Patient" neans a warm bl ogded.ani mal , such as for
exanple rat, mice, dogs, catss guihhea pigs, and
pri mtes such as humans. 11) "Treakﬁﬁor "treating"
means to alleviate synptons, el] ynatld the causation
of the synptons either on aAenpprary or pernanent
basis, or to prevent or slow\the arance of 10
synpt ons of the nanmed di sor dd¥ condi tion. 12)
"Therapeutically effective anounﬁ" means a quantity of
t he conpound which is effective W treating the naned
di sorder, disease or condition. 15 13)
"Pharmaceutically acceptable carrier” is a non-toxic
sol vent, dispersant, excipient, yadjuvant or other

material which is mxed with thefactive ingredient in
order to permt the for @ N\ a pharnmaceuti cal
L0

conposition, i.e., a dosg
adm nistration to the patwént . "None exanple of such a
carrier is a pharmaceutically ac table oil typically
used for parenteral adm nistrayion) 20 14)

"d ucoregul atory abnormali means._abnornmalities in
gl ucose regul ati on. Such NiH es are associ ated
with a variety of diseases N ondi t Pons i ncl udi ng,

but not limted to, excessive weight gain and
obesity, hyperglycem a, gluco$¢ intolerance, type 2

di abetes nellitus, diabetic ketoacidosis and
hypertriglyceridema. 25 15) "Antipsychotic agents”
refers to antipsychotic nmedications that have

nmet abolic side effects. Such agents include, but are
not limted to, C ozapine, O anzapi ne, Ri speridone,
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Queti api ne, Hal operidol and Fl uphenazi ne. 30 16)
"Schi zophrenia" is a disorder characterized by a

Wil 20034998128f si gns and synptons (both positive PAHS2005/011107

negati ve). These signs and synpipns are associ at ed
wi th marked social or occupational dysfunction. They
i nvol ve a range of cognitive and enotiona

dysfunctions that inclu r tion, inferentia

t hi nki ng, | anguage and c i catyi on, behaviora

noni tori ng, WO 2005/ 0971 2005/ 011107 -15
affect, fluency and productivit gia}hgyght and
speech, hedonic capacity, volitip nd drive, and
attention. Characteristic s ons fall into two broad
categories: positive and gatilyve. Positive 5 synptons
reflect an excess or distofyfi of normal functions.
Negati ve synptons refl ect i mnution or |oss of

normal functions. Positive synpfons include the
followi ng: distortions in thought content

(del usions), perception (hallucinations), |anguage and
t hought process (disorgani zed speech), and

sel f-monitoring of behavio %089 y di sorgani zed or
catatonic behavior). Nega synpt ons i ncl ude the
follow ng: restrictions in afge and intensity of
10 enotional expression (affectlva flattening), in the
fluency and productivity of thoughiN-gnpd speech
(alogia), and in the initiati goal -di rected
behavi or (avolition). Partic{flarly preferred are
conpounds wherein R is hydroggen,/hal ogen,
trifluoronmethyl, or G- C6alkyl; Rl is hydrogen or

Cl- Coal kyl ; R2 is hydrogen or Cipnf6al kyl; R3 is
hydrogen, Ct 15 C6al kyl or hal ogen; and pis 0. Further
preferred conpounds are those wherein the am no group

S attach e i tion qf the ridi.ne. up.
HeEriRands v % CORBLHATS Perdh R U $THHSE Y Apgocedures
éi1§cl§§8dr19 UAEd Star@l BAGR b, 4®70heg 3 A@l%'tédt@:{hd‘ﬁthérrﬁﬁbhcatl ons cited
pyridine group. Even nore particularly preferred are

heveinconhrelidiecetpofatediby weerence] al so known herein as 20

HP184 or N-(3-fluoro-4-pyridinyl)-

N- propyl -3-nethyl -1 Hindole-1-amne] and Il1 (al so

Whowhe Besrghdiessng 8AGhcE of WMhete roiEONhSmnt frﬂéfcmﬂopﬁrehM,over the last 6
V, VI and VIl are alsq particular]y preferred. O3N

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 cutcome 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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N NII WO 2005/097122 PCT/US2005/011107 -16 N NH
NIIl O3NN N/ NHZ IV5CN NH N/ NHZ V W

WoOUS@IRE22 PCT/ US2005/ 011107 -17- N N C NPCT/UZR005/011107

CnN N-H -18-

schizophrenia is associated with altered but not chronically deteriorating or dying neurons,

" improvement of conduction should be possible with improvement in cognitive impairment and

negative symptoms.

It has now been discovered that compounds of formula I block the Kv2.1 and Kv1.3 channels.
Compounds with such activity should provide useful agents to treat glucoregulatory
abnormalities such as hyperglycemia and type 2 diabetes mellitus. Such compounds should
also be useful to treat the schizophrenic patient population that has been identified 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, 0p-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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N VIl 5 The conmpounds used in the nethods clai ned
herein can be synthesized via procedures disclosed in

WOR00E782at es Patent No. 4,970,218. Al pat entP&€T4{Hd005/011107

ot her publications cited hereingare hereby

i ncorporated by reference. Wth the ever-increasing

evidence of white matter inpairnent in schizophrenia
Reeenttehperidsits Bondlibtey dgrappli¢anes sugtso dst ElPAB4reldo blocks KvI.3 channels.
shoul d have efficacy in schizophrenia, based on the . . .

e Beedcarier ficee EpvhB Rt ReneBo WG AAErea eoBUETT BNy in mice (Xu e
V18641 Yriand i Sh TR RV irlcBRRIdata SHEWS thhiOP ER4ABTBEIR voltage-

i icreases conduction velocity and may increase

myeVitehKiranments pssentooghuren Bcel HPp8A10akY aotivased eight times with

, Tl d.theref b
PR, SO G he A0S SRR SRR GRBR S Bgh nder s
I BRAIAYRS, tMUNGEIIRRhnt Yot LG TR dHAnPAtE 6the KV\MBttbﬁdS @xdetifadt al, 2003).

synptons after treatnent with other antipsychotic
medi cations. Wthout w shing to be bound by theory,

it h b . hesi zed . ' . .
L S e

velfewjlinta dRigeWehich ag iAatglpwyehalependdnugsanifcr ORIP 1 8¢ kmtjother compounds
fully effective. O her nechani snms of BPI 84, such as
oh Faeda I maydgsdfesvecasrporatheropy %&?Béﬁff?h@teﬁﬂ“@?]ﬂ&%tﬁgl unct therapy to

SRk gé mts ﬁ%%a\ﬁl ek g)gtréag mgfeggiatkcgp%?m(ﬁ'ﬂglities, such as for example, type

noradfenal i’ ne are a pect ay arole in the
Rypstdssigemd. cogni tive and clinical inprovenents. As
WD 2005/ 097122 PCT/ US2005/ 011107 -18 schi zophrenia is
associated with altered but not chronically

Hat&tih 5@5&1&@ afflicdy Wilh S QIMERRS or didRIcP eirEBEd Move, a compound of
conducti on shoul d be possible with inprovenment in

foogniat(Dvan bepdinirisered amany feegaarinyedesyhiph igkes the ppmpgund bioavailable

L

idfrhinéduYar B itfadeibuel ensdsehally, bgentsilly oretwmpttopically, and the like.
&I ucoregul atory abnormalitjes such as hypergl ycem a
wslﬂg}@gmzh@ pra BEPrERAtRA formylationy ean degmmiisihe PeiRstiqm and mode of

SR 4O RGBSR R 1 DL st for e
donditease disehssko bé trdated) thpitage df thbeisesse, aeouldifibe pbiiegstient and other

in glucose re ul%tion ir]

t he . . . .
relevant circumstances. For example, see Remington's Pharmaceutical Sciences, 18th Edition,

Mack Publishing Co. (1990), incorporated herein by reference.

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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10 schi zophrenic patient population my be related to

the disease itself or they may be nedication-related.
werm0i/edasl2y, HP184 and ot her conpounds of For miCd/uS2005/011107

have been shown to inhibit potaggium currents in PCl2

cells. This blockade is consistent wwth a

vol t age- dependent bl ock, and has 15 not been fully

characterized. Recently, applicants tested HP184 to

see if the_ conmpound could block Kv2.1 and Kv1.3

divahereacsive mgr %H‘é%l‘aéaiabh & CORBIEA i ithslomneands o ihgfermpla Linclude
%P@&Qﬁétﬁ:slag&tf b?ﬁ%e a ﬁi)cfu‘ae SaAR ﬁﬁ({irﬁﬂﬁhﬁﬁenvatwes such as, for

ucose- st rel ease e exanpl es
tehahplef Dhritosk, (s¢PL84y. laﬂtusk:omn) ot HMR d@éd, fast-acting insulins (see

KES & 295 639n QY B eyt Sich A, Lfsref'@?npgofgﬁ‘qig@%&gﬁ%ew‘ O 98108871 of

W%&Hﬁg A/8 eamW K¥etile GPASUIdemid BQ;AngRERh{sude
r

he blockade result was rather surprising since
4-am no pyridine (i.e. "4-AP") anot her potassi um

n
ST S i, AU, T, M
di pahicised, mt-gailtﬁﬁdaf «b:exdiaoh@uedmnea;nmawhélmedleh%gblcomdae inhibitors,
di fferent ma Qg&, rom r.at ﬂ?‘ slices HP¥$4 le. th
ARLEn N s 7misthgRET R SDSRER DHCBiTDI oh grample, those

andiozed B WO 97/bedsmdalerwes el Addrd Nk WS, iwhaimeREsitizers,
4-AP's 25 neurotransmtter rel ease enhancing

pelopiters p’ébvqre@zmp@nd@lw@d ontha gdaglatan ef elvcpegenesistand/or
ﬁbfggend) ogs’is %119%6 at S tof %@cgﬂcﬁﬁ)tz{l@t ce({ nghg:hrllgltexehérclgﬁtxeéabo]ism, such

era nuScarlnl ren

@k ant&%@il@ﬁﬂdﬁh:&aét@&aﬂg&ﬁ&ntsmﬁ ahiikpidemnizdic-dneirgralians, compounds
serotonerglc uptake carriers (Smth et al

Poodh redugg fgod ggp(ke@{’ A R ggorysts apg gﬁt{yﬁllﬁg_rgﬁlents w%lch act on the
reae several atypical
5@??%§%$H%#P%§&§E areugaﬁﬁggk H%o be responsible
for the increased rlsk of hyperglycenia and di abetes
n the schiz reni c.pati.ent pul.at i
PSR PSS OBRE I 5 U6 26 MHLISise QB bl f7r AT, n the form
SRleee L sknby, c@ﬁ’st'lésCé!m@ %gﬁﬁﬁinstiwtio‘ﬁg’ls@ﬂu | wafehd, @BdBing gums and

Kvl .3 channels. As stated earlier, these channe S
thahbe ek may hontpintapeion srasasbthe fellnwing adivgntsy bingessisuch as

Iiﬂﬁlé crésézﬂagef cellﬁl Ose %04%rﬁ%%cgm]%%%lﬁs E@%rrt% Qluhoa\é’starch or lactose,

(ﬂﬁihtegﬁ‘hﬂ? agéntﬁi _wdheﬂfaﬁgzqﬂl‘: asidnPribgdIemn str@ﬂdridSthe like; lubricants such as
rgggn\gsi?nlillsstgargtgtolr\étae}rgtgx;eél%gatsts{lé{le 'c?s cV(\)Alltoihdal stlicon dioxide; and sweetening
agents such as sucrose or saccharin may be added or a flavoring agent such as peppermint,
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 (1) of this invention may also be administered topically, and when
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5 CD3/CD28, which activates the T-cells
i mmunol ogi cally (Panyi et al, 2003). Under these
weoai97t3s, t he predom nant potassiun1channe|HcgﬂﬁﬂMBm1H07
the Kvl.3 type (Becton et al, 93) Current type 2
di abetes treatnents ai med at enfianci ng insulin
secretion are limted to sulfonylurea drugs, which
&k sb heatiat Etﬁﬂ@@@ﬁ%ﬁ@é a B AT, oifti8doraRtb@eh dhe base, for
conmpounds 10 o ornula may be effective as
erpmpleh eraaﬁymagaqwrs‘: orgporg|of @?qﬁ@ﬂﬁuwl@mé@ pRlyeihyiene glycols, bee wax,
¢ fﬁer ZBM &1& t%tsn&{ sabgftglt cﬁﬁca(;hoﬁaaﬂd E%u&lﬁff&s b4 Etﬁﬁ;ﬁgers.
Iaﬁﬁgl Sror Bnofmal 115 es SUch as 1 or exanpl e,
type 2 dlabetes agents. In treating a patient

afflicted with a condltlon or disorder descrl?
Eheceliitions eiyaspRsPNs MmayRlsogpaiieonq gr rpggs b ghe following adjuvants: sterile

S
St To PRl cLOh Rufhe TR A ET oI 1BPlfons giveols, glycerine,
;ﬁomdmeﬁglyaom ol oiengyndresic lsylvestsjdnitibgererid] ygerss swcdl dsybenzyl alcohol or

cut aneously,. intr szcuI rl I ntrave /, .

Tt“?t RSREER R TR SHELR SeperDre e e BN helafge agents such as
erlel difininef8acelit hbi@dbifert BRhaklac@bited, rc%Pﬁéé &g)hosphates and agents for
rmul at 1 ons can determ ne the proper form and node of

th@aﬂmstg@nmﬂ tmncx@epmhdxs rsgdlupmhlqrh:@ Qyalexiresgl dihe parenteral preparation can

char rlst S ound s r the 20
RO Bioit B Mg SRR PR S 8 OF The
di sease, the condition of the patient and other

rel evant circunstances. For exanple, see Remington's

Phe highiscinapbiic estere Azades ang carbepIRie; dsr vatiyps ok the present invention are
ﬁejgglbiesc!} | 19504 rele 20 m gln%?sr @g?%ﬁ% Pﬂe&ngi:/ﬁkgé/ys or from about one to four

erence. e conpounds
sk isdnefosdulagdrmd atinanspredas deyljt meiaranbes,ap}for &aniplee when injected

fq?%&%ﬁ?rﬂy écée%gqg{'g]up}m}g%eléuﬁﬂgya %%e@q% glglsb?lrs %(rjeffﬁm%] giisoa{re Iop vegetable
Sfigi*a sat hoRsahd Bil RRALAREE Ul &ith bil, @RERRIADLSyHedh 611 edilﬁe oil and the

proportion and nature of which are determ ne
tike oz eylaird $ynyhetingstetserfifatty a@db@@rnqlﬁyn@fonahdccmwﬁ @s glycerol or
sele%ﬁ@g Hhe chosen route of adm nistration, standard
¥¥9'cal practice and other relevant criteria.
Furt her active ingredients may be conbined wt h t he

co:%ounds of the 30 formula | in particular for a
Tgrlepeficommpesifiapy ef erbrRsemin YEOR preguenaradipy Hﬁsgftlvwguaaﬁghly lipophilic
S L0 GRS TG e L Pl Eccialy

acCagpit bl ahtnsddr @tehlﬁecqmdttloant The oil i deheeteddooras 06 obtain a release of the active

v et G dvadprasenf e e SpRapiide el ey b Geermined by
BhERREShE BRor M@o@%ﬁ{og%ﬂ&% eRpr SRR BAdnkQkilled 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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-20 Further active ingredients that may be conbi ned
W th conmpounds of the forrmula |I include antidiabetics

WA 712khese agents include insulin and i nsulBCGT/US2005/011107

derivatives such as, for exanmplg; Lantus(r) (see

www. | antus. conm) or HWVR 1964, fast-acting insulins (see
5 US 6, 221,633), GP-1 derivatives such as, for

exanpl e, those disclosed in WO 98/ 08871 of Novo
Nordi sk A/'S, and orally effective hypoglycem c active
i ngredients. The orally effective hypoglycem c active
[ Iy

b?lg%gagll g’i\{ efa I%l?ef fogi'i] s%ﬁpé gtgp ézQ(S)P?Q'yAﬁg %ﬁ%t Smtended to limit the
t%mpzofﬁﬂmneﬂnmnasmqghqp05|dase i nhibitors, glucagon
ant agoni sts, GLP-1 agoni sts, t.assj.um channel openers
such as, for exanple, those E%aﬁﬁgihgsed in WO

97/ 26265 and WD 99/03861 of Novo Nordisk A/'S, insulin
sensitizers, inhibitors of liver enzynes involved in
the stinmulation of gl uconeogExgsVIBLEAd/ or

TR Wil 8 OB VUL TN A ST s iy mavsTER

amSUYmEsNisapCEENS ¢ active ingredi ents and
antilipidemc active ingredients, conpounds which

reduce food i ntake, PPAR and PXR agoni sts and active
t
DA OB B R b5 16 P T GRERIT D 184 on voisee-gred
tﬂtﬁaspfm&mmdﬂmle}mrﬂlm HIEYT be imsdimams tdisedingrthd Wiplefaeil patch-clamping
exanple, in the form of tablets, troches, capsules,
deshmque. suspensi ons, sol utions, syrups, wafers,
chew ng guns and the like and may contain one or nore
of the follow ng adjuvants: binders such as 20
-6 ¢5 y@tsa(lfﬂo'rm%yrtael Harhgsepangueas i axayagiag voltage-gpeddpatassium channels

exci pients starch or .l act ) S|nte ratin
AL b By REGE i BhEheRlea sttt SRE rerafbebit R b d I
idillikRtreptoRivLiRaN kS aBHSIPhas of TBINBHFBTOL. Q&ﬂ]@h@ecplror patch-clamping
terotex glidants such as colloidal silicon dioxide,

avere sopsledl onighags oe@leﬁwosfe@hpeé%é@pe‘@@e&re Yy Elyatients were recorded at

TR EmBOARL 0 AR LO8CAGRAL RIS A RIPAE T dimigue with a

UA dpafobrD0Bsang] 2P GAR ¢ Inklrurfiénts qmteamy, €3)} Brigflgl] dledmades (3-6 MQ
to materials of the above é}/ﬁ)g}@all carrier such
$

desigfancee ey faphiorad feem Tov 1 Sycapg]zqry tu@sh@.?lod@ Frggésion Instruments,

b TSP 055 49, Gy cr 0,

MFEHIPG!} }ﬁPESD&tMBGE.I, mz atljmbled twathdK Ofl)| Carmamty Weee initiated by a
cogted\M¢h

NS posﬁl‘éeyY(ﬁ%g%Q}s%%ﬂ %ﬁ folrr eglggfea{ §Q§}r:}1tst?%lgz§thvéop%se (9100 mV) and
Ri&e 8&orded 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 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).



conmpounds, sucrose as a sweetening agent and certain

preservatives, dyes and colorings and 30 flavors. The
WeRMpHMtR of Formula (1) of this invention myp@IEa5d11107

adm ni stered topically, and mhe? WO 2005/ 097122

PCT/ US2005/ 011107 -21 done so ﬁe carrier may

sui tably conprise a solution, ointnent or gel base.

The ahipﬁﬁ]deflﬁ)FA fax@amlcancdﬁ&nn@zowag t@ﬁpﬁs@w@h thaIfér thé control solution

petrolatum [|anolin, polyethylene % col s, bee wax,

fiomethgIsamp ell and eiamessedsaicneresat aentet (%f@niPBohol , and

Ty le?f%ét o?rl-ﬁ’l%ﬁ%nﬁllgéa@dﬂal% %&%ﬂ p%ta-mﬁmséunlémsqﬁﬁ?ﬁgter HIT-T15 insulinoma
suspensi ons so | ficlPude *one or nore e

t:elﬂd 1@\Aumg1aad¢¢malmbsﬁ 1.sTled ¢drepoutid |blienktd tieumireas dosd-dependently with an
for injection, sallne solution, fixed oils,

Hotopiatusyaf 3ol Giesras - gl yeeri ne,  propyl ene gl ycol or

ot her synthetic solvents; antibacterial agents such as

benzyl al cohol or nethyl par aben; anti oxi dants such

as ascorbic acid or sodium bisulfate; chel ating agents

such as ethylene diam netetraacetic acid; buffers

such as acet-ates, citrates or phosphates and agents

for 10 the adjustnent of tonicity such as sodi um

chl oride or dextrose. The parenteral preparation can

be encl osed in anpul es, disposable syringes or

mul ti ple dose vials. The highly lipophilic esters,

am des and carbamate derivatives of the present

invention are capable of sustained release in mammals

for a period of several days or from about one to four

15 weeks when formul ated and adni ni stered as depot

preparations, as for exanple, when injected in a

properly sel ected pharnmaceutically acceptable oil. The
preferred oils are of vegetable origin such as sesane
oil, cottonseed oil, corn oil, coconut oil, soybean
oil, olive oil and the |like, or they are synthetic

esters of fatty acids and pol yfunctional al cohols such
as glycerol or propyleneglycol. 20 The depot -
conpositions of the present invention are prepared by
di ssolving a highly lipophilic ester, am de or
carbamate derivative of a conmpound of formula | in a
phar maceutically acceptable oil 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
det er m ned by



25 consulting the prior art, or w thout undue

experinentation by one skilled in the art. The dosage
woa2ge0at22whi ch t he conpounds of Fornul a | exhiP§iT{us2005/011107

their ability to act therapeutbhgally can vary

dependi ng upon the particular di'sease or condition

being treated and 1ts severity, the patient, the

formul ati on, other underlying disease states that the

patient is 30 suffering from and other nedications

that may be concurrently admnistered to the patient.

Tab‘?Heegrf?‘tcﬁ-“e?%%gﬂji"f8gpélgfij{’]$sﬂtgg’ziféfegpﬁgﬁg’ém%!F“ff?!;“gli‘%é!?ﬂ5 cels
Concen?_rggrl;l;qﬂy kUUl nygx[ KgOR ag&@ﬁk&é‘l A%M&&'\%?% ?rﬁgg?gg

PET US:!GquﬁlllG??{;géL:l TR A S e XEi B¢ o Ruge ¢l SEU
I FTUStnat B¥€ pur pRSES Jonkas and abe npt szet endedst 0 35
l#mt the84scaope ©f. the i6Ahventi SB8in anﬁﬁ3wa 52,5 6.5
ERANPEES—SEANPEES—EFFECT O HREB4—oN-VSL TAGE T EATED 24
POTASSI UM CHANNECS TN HAT FNSUCTNOVX k,EtT__S To—The

purpose of this in vitro study was to evaluate the
effects of BP184 on voltage-gated potassium channels
in hanster H T-T15 insulinoma cells using the

whol e-cel | patch-clanping technique. 15 HT-T15 cells
(from Syrian Hanst er pancreas) expressing

vol t age- gat ed potassi um channels were grown in RPM
medi a sl gmented with 10% fetal bovine serum and | X
penicillin/streptony i n-an atnosphere of 95% air/5%
CO2... Cells used for patc | anpi ng were seeded on

gl 8§s or7gl astic coverslips™~2-36 hours ore .
Curgents werje recorded at ro enper at _jm?&iytHM
whate- cel | clonfiguration of the™atch clanp techni que
WI t® an§8 Axopat ch 200B anplifieN (Axon I nstrunments,
CA). Briefly, electro
re§_f;st ance) wer e fashioned fromTw1

capul lary tubes (Wrld Precision Instr
25 -

Current

O"‘ u

) I 1 I

-6.5 -6.0 -5.5 -5.0 -4.5
[HP184], logM

Figure 1. Effects of HP184 on the voltage-gated potassium currents in HIT-T15 cells. Error bars
mdicate SEM (n=4-5).
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Sarasota, FL) and filled with pipette solution (in nv

pot assi um aspartate 120; KCl 20; Na2ATP 4; HEPES 5;
WRR0F097122pH 7. 2 adjusted with KOH). Currents VRGTEUS2005/011107
initiated by a 300-nms positivezyoltage pul se (20 nV)

foll owed by a 50-ns negative pulse (-100 nV) and 25

were recorded for off-1line anal yses. Once current from

a cell perfused with control external solution (in

mvt NaCl 130; KCI 5; sodiu 8; Mgd 2 1;
HEPES, 10; gl ucose 10; %C@wgtﬁ&ﬁﬂ 4 adj ust ed Wi th

NaOH) was stabilized, the cell was perfused with

external solution containing 1 |tM HP184 (batch:

RHE. BFIFYC B OFigP B OB Clie NGt HUBAONFK Vil R BAS $HEh GHANNEL
50 mM stock solution in DVSO prepared daily; the DVBO
final concentration in all drug 30 sol utions was not

TRE BurpBeofGhd 60 itrdAtidyentStobRaraRd effetadis! NP I RCoT deﬁled human
unti | they reached steady-state condition. The sa

Kived aptassivmpehapes!s %Hféﬁewft H-373M G selisgingothe @H\O}eafqlb?%ch-clampmg
f%fchmgﬁ 84 (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

neas i co. ere 2005/ 097122 .
@é Pi%m@qﬁ)@z@‘?éfgég%\éﬁ?w Vregrowpin BYHEM media
agﬁs&@ﬁgn%e%twm 198 GPIPRRESbritnt I toBAkiIfiktrd Oghsmgantahe 500 mg/mL G418

Fution fromthe same cell and expresse ercent
Jovitnogén, Crslsloast £84))in aT Aanesphese tof 85%HIHIS% Qfﬁz 8 used for patch-

R LSEAE s Ph 8t UERY SBbSHRT YAPRbEE hhde T8 21 Cumens
aernesiidediaskaderh amwf {1614 the Gtfte-6k PesIdigtdtiyn W tike gatch clamp
5 1C50 val ue of 3. Figure 1 WO 2005/ 097122

mdmlwwasﬁ@ﬂrmatch 2@ 'Fﬁwﬂlélell( onflegramets., HpyiguCigy, CA). Briefly,

LSl 29SS AR AL SO T508 o) o) s cvon

Px%@@ﬂiﬂﬂ&t}ur@i‘ité Shtaséia FLﬁz&d%ldd With ﬁi@bdte ﬁﬂutﬁﬁ{ dm ﬁﬁs/[ potassium
“Aver age SEM 100 100 100 100 100 t 00

BIATA8026 6] 203506 T8 HIPES S Ma@lod: 6 52 adiuiated iith KOH). For dose-
ée%‘e?fdqu:y, cufrents 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 I 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 pM, 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 samme 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 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 0.4 100 75 .C,0=3.9) M O50 25 UO -6.5
WOR005/0%518B -5.0 -4.5 [HP184], |ogM Figure [.EHREIR0F011107
HP184 on the vol t age-gated potasgi umcurrents in

H T-TI5 cells. Error bars indicate SEM (n=4-5). WO
2005/ 097122 PCT/ US2005/ 011107 -25 EXAMPLE Il THE

the REQT1 EXrrdrlP &84k -daye A anbiky by i HLMANE s KVR ud o POSASS) Wiiile 4-AP blocked the
CHANNEL 5 The purpose of this in vitro study was to
S a1 FHEP10008 4 (PeeBAdon cl oned human  Kv2. 1
pot assi um channel s expressed in U 373M5 cel | s usi ng

t he whol e-cell patch-clanping technique. 10 U 373MG
cell s expressing the human Kv2.1l channel s were grown
in DVEM nedi a supplenented with 10% fetal bovine
serum 1X penicillin/streptonmycin and 500 ng/nL (418
(I'nvitrogen, Carlsbad, CA) in an atnosphere of 95%
air/5% C>2. Cells used for patch- clanping were seeded
on glass or plastic coverslips 12-36 hours before use.
Kv2.1 Currents were recorded at roomtenperature
usi ng the whol e-cell configuration of the patch clanp
15 technique with an Axopatch 200B anplifier (Axon
Instrunents, Foster City, CA). Briefly, electrodes
(2-4 MQ resistance) were fashioned from TW 150F gl ass
capillary tubes (World



Precision Instrunents, Sarasota, FL) and filled with
pi pette solution (in nmMvt potassium aspartate 120; KC
WORO0NMIIREP 4; HEPES 5; Myd 2 1; pH 7.2 adj ust &§THiN2H5/011107
KOH). For dose- dependency, curkents were initiated by
a 300-nms positive voltage pulse (20 nV) followed by a
20 50-ns negative pulse (-100 nV) and were recorded
for off-line analyses. Once current froma cell
per f used Tabtech! cBifeclofdi® dnal CimedtHiomaf Kiv2mMCuivagis
130; KCI 5; sodiumacetate 2.8; MO 2 1; HEPES, 10;
concen@dnlicose 10; Cad 2 1 at plii24 caehehs@dnub h NaOH) was
M St Bl k] 28 b cdi ARG Cetl £ Gl 75 Wabes K 4 |ESie6] O #5 [Deh EX]C & k1] Ol #12]Coll #13] Averaga| SEM

o_soljutes gniee dneai meng 1d M HP184| (bat edo:| R G Ao 53, 3 100 | 100 | oa

' ol cgém 6 \eEp 1905 BaE K -335rl P\t LBESElr 9 1a218Q #RAlst odk 7| 14
3

529 Bi -\,Z{)B 7.5 5&5 9.9 E‘SJS,Z B P PN 72.3 a1
10 o Ul “‘5'55 WiT T Ul Eﬁ/l Iﬁﬁ Ialﬂ 1d1llalig14r12§5 Ilhéf't—jgéll UiT{Tr It 28.3 4.9
w0 al 1| ALYy _sol utl ONSTViES | ROT| HOTE 5t N, 00 137 QURE TS | 100 | 20
were continuously recorded until they reached
steady-state condition. The sane procedure was

performed with increasing concentrations of HP184 (3,

o razon A ST Ay lole B R NEE TG
Concentraton L 1 A tHe—end of
pmf NE e iRV Rt At el e misl“&am“ cEFfEa EdrcEi 0 Average] SN
o ATTPET G0 PABe |11 @ITRA TLUEKE [TTT PN TOT EaC(T 150 100 | 00
100CONGedlzr Aleh®N ¥aAS | cRAPAked |[Wskh thatf Tor| 30 tjhe 915 1.7
wocontrol Sob.at]l ers fraamit hes sarse cel |l tand Exprgssed) ams | 28
__;g—gggeu "rgﬂ re!’g-z(‘/n;éé. trol Sﬂiomﬂt{mcgér. okt 815 | 762 | 25
ETTEAMON RV TN ;0 e AP - was Bt d A st gr-Haprdf 2
ar-concentrations rangi ng. from 100 to 10, 000~ ™M~ The
effect of HP184 and 4- AP on the human Kv2.1 currents
expressed in U-373M5 cells is summarized in Table 1
and 2, respectively. HP184 bl ocked WO 2005/ 097122
PCT/ US2005/ 011107 -26 the Kv2.1 current
dose- dependently with an I C50 value of 5.6 ItM while
4- AP bl ocked the current with an 1C50 >10,000 M
(Figure 1). WD 2005/097122 PCT/ US2005/011107 -27

Table |. Effacts of FIP184 on C oned Human Kv2.1
Currents Concen™ation Kv2.1 rent (%COntrol) (pM
Cell #1 Cell 2 #3 Cell #4 Cell Cell #6 Cell #7
Cel | #B=CelP#9 Cellg #10 Cel | #11 Cel 2 Cell #13
Aver a®§EM 0 100 1RO 100 100 100 100 1 1 100 0.0
Oc
o .
58 7
R
T e HP184 (IC5=5.6 uM)
= 251 A 4-AP (IC50>10,000 pM)
0 T I 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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1 95.0 91.6 95.0 90.5 94.5 83.5 91.8 95,5 90.5 91.0
69.2 91.7 1.1 3 93.0 62.9 68.5 70.8 87.5 65.1 68.5

WPRIOS/®3122 63.1 69,9 72,3 3,1 10 58, 2. 24.4 1FPCIEGIS5/011107

43.8 13.1 19.1 12,5 19.0 37.7 28g3 4,9 30 22,1 1,4
12.6 13.7 4.6 8,7 4.6 13.7 76.2 6.7 70.4 2.0 Table 2.
Ef fects of 4-AP on C oned Hunan Kv2.1 Currents
Concentration Kv2.1 Current (% ContrOl) (VM Cell #1

Cell #2 Cell #3 Cell #4 Cel #6 Cel |l #7 Cell

#8 Cell #9 Cell #10 Averagefi%mi%o 100 100 100 100

ngpﬂxggseoof(%hls 10 Q]t%ostgdﬁ@asgto%aﬁlagahé)e@&t of ?ﬁ’l§4 811 v@lta e-gated
88.9 87.8 85.'0 82.8 73.1 83,5 2.8 10 dg

BdtagkitdB cRannlsgn 66 vatezOT Seiwlqs&gasc ohgle & l7BLch- damplrrgoex(bmlque

74,0 73.4 69.0 69.5 54.7 59.2 64.0 69.1 56.6 65.6 2.4
10000 66.7 59.9 46.8 57.8 5.9 100 75- 6 U C 0O 50- >

Hﬁéﬁf} T(de@@ Qctﬂ;a@ad( v CT3/2D 28450 Ky KRORAPCARLIP Meliulr Efmunology)
- [Drug], logMFigure 1. Effects of HP184

wcrerscectesi)onam@mmpm(shps Bhd6 bayrs bpforhesec Voliegr-gatpdhpotassium channel
Ko, FUE L Aot 1B 5385 BRI Sen BB B e pacc
Bahb ARk Withl4h/Axopatch 200B amplifier (Axon Instruments, Foster City, CA).
Briefly, electrodes (3-6 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).
The potassium currents were initiated by a 100-ms 20-mV voltage pulse from a holding
potential of ~80 mV and were recorded for off-line analyses. Once the current from the 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. Currents were continuously
recorded until they reached steady-state condition. The same procedure was performed with

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

Effect of HP184 on Voltage-Gated Potassium Channels

in Activated T Cells
600]
Control
L 1 xM HP184
<t ]
& ]
4= 2001 J
c ]
o 10 M HP184 |
8 of L;-—-
=200
O'I-ZiollldrollIGID".B‘OII'H;IO_"_rléD_"'150.,
Time (ms)
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-28 EXAMPLE |11 The purpose of this in vitro study was
to evaluate the effect of HP184 on voltage-gated

WEeHWT % channel s in activated T cells usi ng PCH&S2005/011107

whol e-cel | patch-clanpi ng technh,gue. 5 Human T cells
activated with CD3/CD28 (8X) by linda Glio (IP

Cel I ul ar I nmunol ogy) were seeded on plastic
RVFERANCESS 12- 36 hours before use. Vol tage-gated

pot assi um channel currents were recorded at room
tenperature using the whole-cell configuration of the

patch c]anp i | a - o f .

CAxon 1 ntr Gropi e RSttt SraRP R Moy e ther n

el ect r odghizophreniQ dgfishanme) imweieg ftad) iNmvecR dpootml IR 51-2254, 2001
150F gl ass ca‘%i I'lary_ tubes ,&dv\%rl d, Precision : :

| nst rumeht s, é%fa%rétca,G‘PE‘}et% Fqcpqla@am}?%ameﬁ@ts?%e suppression st in
solutio ) ; I § ' ;

azatp R AR pe BB ARRE R R Ree b RS

The pot absi unmedreasen™NC, WéopeulasiP, Odbexty DS, MilleoDiks Wassink T, Flaum

20- nV val t pul f . di tentj.al ,of -80 ..

v and v BEFRBE forcRhepives of STHRN Rl GeRut e I and its neural
current HramhikRe Bidldgida? P@%ﬁdﬂﬁ@ﬂ’ﬁ,‘@%@%? ol

external solution (in nmv A "130; KA 5; sodium

acet at e 4. 8; Bagzokis G.;Schizopyeniapbregkdavasa the wellyegulated lifelong
at pH7.4 adjust.ed. with Na |14 67
ts” perrREstoLr i Ay PR el Bk MGG pe Gy fiinicology 27:672

BPI 84. dggrzeom s were continuously recorded until
they reached steady-state condition. The sane

procedur® wasPpEekisenal Biplhsychigrif(83184. The data is
T
Wo Cont raffect 60l ddmnpitaset anGlpr@iem 501vingdRh@4 Psychiatry. 161:364-367,

2004

7. Benes

8. Beng-Choon et al 2003

9. Bilder RM,Goldman RS, Robinson D, Reiter G, Bell L, Bates JA, et al.,

(2000). Neuropsychology of first-episode schizophrenia: initial characterization
and clinical correlates. American Journal of Psychiatry, 157, 549-559.

10.  Bleuler E. Dementia Praecox or the Group of Schizophrenias. Zinkin J
(transtat). New York, NY: International Universities Press; 1950

11.  Buchsbaum MS, Ingvar DH, Kessler R, Waters RN, Cappelletti J, van
Kammen DP, King AC, Johnson JL, Manning RG, Flynn RW, Mann LS, Bunney
WE Jr, Sokoloff L. Cerebral glucography with positron tomography: Use in
normal subjects and in patients with schizophrenia. Arch Gen Psychiatry, 39:251-
260, 1982.

12. Buchsbaum MS, Tang CY, Peled S, Gudbjartsson H, Lu D, Hazlett E A,
Downhill J, Haznedar M, Fallon JH, Atlas SW. (1998). MRI white matter
diffusion anisotropy and PET metabolic rate in schizophrenia. Neuroreport, 9,

425-430



10

15

20

25

30

-200 0 20 40 00 Wtoo Ito 140 Time (nms) 20 WO
2005/ 097122 PCT/ US2005/ 011107 -29- REFERENCES 1.

WOAGANT7122 Ander sson JL, Skare S. Abnornmal br aiP@THHE/011107

matter in schizophrenia: a difkgsion tensor imaging

study. NeuroReport. 12:2251-2254, 2001 5 2. Altanura

C, Cuercetti G Percudani M Dexamnethasone suppression

st in pos3.ti vearsen €9 dgAdnakl AW‘liMpﬁ[ﬁﬁieagerF%&cﬁiD&I}[ yAnterior

Res. 30: 69- 75 1989 3. Andreasen I\IC

O Leary PRgUlai FPidex aopvityaad fARaied sp\féﬁwwmmg @ép?rﬁ?rﬁf&ﬂce in patients

the phengiy z(a)fphl%‘f‘lw ﬁmeﬁmeﬁt?mt fthe’( AN&Eh Tb@mal of Psychiatry,

and its neu ani sms. Bi ol ogi ca sychiatry, 46,
908- 920,15]3994323 14284. Bartzokis G Schi zophreni a:

g::?ﬁdg\i\e@e: gé}ggliomrghgl Eﬁﬂ%gp}t Sd lhltégrll ng[ al. plto%:a? %bram map of
Neur OIOSYa%BR aﬂﬁ&ﬁlﬁﬁgﬁé Al ﬁf"?ychﬁ , 1880{525106Bardopoki s
et al. Biol ychiatry 2003 6." Bel ack AS, School er

NR, Mar diékx SF@otm‘ DaMaCB@yDI Braglen€, Bewin Rslémraléibr&edugfsi ghal cell

Lo ot DR SLSS AL RO G0\ WA chpophreia i e
et al 2%&@;01@‘(;{,@@005{&605%1528 Robl nsomoﬁn Relter
G Bell L, Bates JA et al 20 (2000

Neur opsyléhol deRyinkL S%Mswwlz% @ghrWhitgmatter changes in

ot 2, EIBEARLAR, FRLI0 pAOMGL 0L S8 se0righel o

Bl eul er 1H. Ddpacitenat BY HElox or the G oup of

Sehi zophfent §g. ot A1 8od
19.  Everett et al 1989,
20.  Flyn SW, Lang DJ, Mackay AL, et al. Abnormalities of myelination in
schizophrenia detected in vivo with MRI and post-mortem with analysis of
oligodendrocyte proteins. Molecular Psychiatry. 8:811-820, 2003
21. Foong J, Maier M, Barker G J, Brocklehurst, Miller D, Ron MA. In vivo
investigation of white matter pathology in schizophrenia with magnetization
transfer imaging. Journal of Neurology, Neurosurgery, and Psychiatry, 68, 70-74,
2000.
22.  Foong J, Symms MR, Barker GJ, et al. Investigating regional white matter
in schizophrenia using diffusion tensor imaging. NeuroReport 13:333-336, 2002
23.  Friston KJ. The dysconnection hypothesis. Schizophrenia Res. 30:115-125,
1998
24. Gilbertson MW, Yao JK, van Kammen DP. Memory and plasma HVA
changes in schizophrenia: Are they episode markers? Biol Psychiatry, 35:203-
206, 1994.
25.  Goetz K, van Kammen DP. Computerized axial tomography scans and

subtypes of schizophrenia: A review of the literature. I Nerv Ment Dis, 174:31-
41, 1985



10

15

20

25

30

 443- 456 DaiiroBLakosspa akensd spatigl disggwtion gf o

(translat). New York, NY: International Universities
Press; 1950 11. Buchsbaum MS, Ingvar DH, Kessler R,

WO TR, Cappel letti J, van 25 Kammen DP, KiP&F/UAE)05/011107
Johnson JL, Manning RG Flynn Mann LS, Bunney WE
Jr, Sokoloff L. Cerebral glucogFaphy with positron
tonography: Use in normal subjects and in patients

Wi t h schigzophgahan-RYKE PSR 1dRstCID 28 fhyv ar MR $1984360ual pathways
1982. 12. Buchsbaum M5, Tang CY, Peled S, Gudbjartsson

H Lu D compediagthatlorsolatgril pefiontal potex with Medtppagempal formation and

5 |a|f lf 82, d’ﬁfﬂg@éplsogglpg%l CO(‘[%)? ?rb%? rll}négi.l% ﬁ?ﬂ*‘.“% :N;eluléo%bence 12:719-43.

schi zopha7eni aGolliaeina®,eokdn DNOyan Kﬂl&ﬁkﬁ@)mr&@@eﬁfoﬁgm\adum

PCT/ US2005/ 011107 -30 13. Carter. CS, McDonald AW

Ross LL,difgrepepsin gggmt(lmjme mﬂcémogl}lren@r ﬁgh.[ Byyshiatry, 155:1117-1118,
cortex gegbpvity and inpaired self-nonitoring of

performance in patients wth schizophrenia: An event

rel at ed 28Rl Girieent) \WIF AWibiai ara ithelfouctialal odnsBpenbtasatfitys cognitive deficit in

10, ML Sy RSB FRAGE ech

hal | uci Dl | ONSree m I'ﬁfe)f?éﬂtr@hi Yor c%éﬂﬂl@@@flc@@@%ﬁoﬁ’@%roducuon
15. Cotter D, Mackay D, Beasley C, “Kervin R, Everal

l . ReducS@ljlzgphlahla&Bﬂl ZSdQﬂsﬁoﬂyI%Qd neur onal vol ume |n
nmaj or ressi.ve,di so oleipg%nd schi zophrenia in the
ant er i o Ci ngblggﬁhém%? See ref 15 2000 10 16.

Davi s Ki31. St ey PRDBardnbireshmeFriddreieh JRIVL, Wyint &V fiditrefi C, Perl DP,

changes in schizophrenia. Arch Gen Psychl atr 60:
%cgén@rpcgps in the superior

1994 1%1‘_011@1%5'&1% g% }EI%%? ’Bu}]q:‘%/ghlaﬁ}/ DALR I%WS 116%@ gZ(B%

Mackay Ities nation in
Hoptman M1, Volavka] Johnson G, Weiss E, Bilder RM, Lim KO. Frontal

White matter microstructure, aggression, and impulsivity in men with
schizophrenia: a preliminary study. Biol Psychiatry. 52:9-14, 2002

33, Iwanami A, Okajima Y, Kuwakado D, et al. Event-related potentials and
thought disorder in schizophrenia. Schizophrenia Res. 42:187-191, 2000

34. Jakob and Beckman,

35.  Juckel et al 1996

36.  Kay SR, Opler LA, Fiszbein A. Positive and negative symptom scale
(PANSS). New York: Bronx Psychiatric Center. 1986

37.  Keshavan et al., 1998

38. Kraepelin E. Dementia praccox and Paraphrenia. Barclay, trans. Edinburgh,
Scotland: E&S Livingstone; 1999

30, Kubicki M, Westin C, Frumin M, Nestor P, Salisbury D, Kikinis R, Jolesz
F, McCarley R, Shenton M. (2002). Uncinate fasciculus findings in schizophrenia:
a magnetic resonance diffusion tensor imaging study.‘ Am J Psychiatry, 159, 813-
820.

40. Kubicki, M., Westin, C.F., Nestor, P.G., Wible, C.G., Frumin, M., Maier,
S.E., Kikinis, R., Jolesz, F.A., McCarley, R.W., & Shenton, M.E. Cingulate



10

15

20

25

30

schi zophreni a detected in vivo wwth MR and
post-nmortemw th anal ysis of ol igodendrocyte
wWpPr2ee4ais22 Mol ecul ar Psychiatry. 8:811-820, 20@%TaB2005/011107
Foong J, Maier M Barker G J, E_s‘r3 ckl ehurst, M IIler DH,
Ron MA. In vivo investigation Oof white matter
pat hol ogy in schi zophrenia with magneti zati on 20
transf erfaidimgididte pdibp8iBAIptiBH irNﬁ:'H[z@gﬁﬁMia: Nema@RHUE @RbYance diffusion
and Psychiatry, 65, 70-72, -2000. 22. Foong J, Synms
VR, Bat Kensocimaging by BiolosidabBuichigi i At i 4003
mat t er Lhn sclgeiﬁ;io renia using diffusion tensor
i magi ng. Neur ef) rt 13:333-336, 2002 23. Friston KJ.
The dyscomnnedtid@r HPY FahbRSiSimagty: Echfophiing. BesMed Bull. 52:486-494,
30:115-125, 25 1998 24. G| bertson MN Yao JK, van
Kanmren OP96Menory and pl asma HVA changes in

schi zop ni a:. A [ 20 B . v

Peychi iy, Jarosg: G RURIEPREBE ot A, Sellivan BV.

DP. ComRft#erbaed A @hpromised vapleynatansctanggriBlin schizophrenia inferred
subt ypes, of schi zophreni a:. A review of the [jt r

J Nerv e diusionlensos imagin. AwBSIads 668?b94ﬁ1§55§ﬂ7 F999

PCT/ US2005/ 0410:2n DI INRGran B AR hR b€ adiRrse BRAFRFRIH300 event-

LD, Schwartz M. (1984): Dual pathways connect’i ng the

dor sol atrelated potanttiablateaky dorecent-ansetischimeptenpotchineahrenia Res. 67:218-
formati 0%8%4 par ahi ppocanpal cortex in the rhesus

nonkey. u Ccience 12:719-43. 27. CGoldstein G Allen

DN, van 4amevcOfle;Bei &f, ipgport: I ndividual 5

differences in cognitive decline in schizophrenia. Am

J Psychi4t r y,Me@arkiSR pod Megizer HYgghomle of eagnitiop/in agational

are the ! l..C: ogfht. i _ .
e ci ¢ RN scfO0RERE NhTBhrch AREP I, 145175184, 1999, 25
321-330,23399% 29. Geen, W Interventions for

coghitive deficits: editor's i iQn. : .
g 47. McGuire, P. I&., (ngnSth,l (Eltf’)o((fggg)l Bpsordered functional connectivity

in schizophrenia. Psychological Medicine 26, 663-667

48. Meltzer HY, and McGurk SR. The effects of clozapine, risperidone and
olanzapine on cognitive function in schizophrenia. Schizophrenia Bulletin. 1999,
25:233-255

49.  Miyakawa T, SumiyoshS, Deshimaru M et al. Electron microscopic study
on schizophrenia: mechanisms of pathological changes. Acta Neuropathol. 20:67-
77,1972

50.  Murray R, Lewis SR. Is schizophrenia a developmental disorder? Br Med J.
295:681-682, 1987

51.  Nieman et al 2002

52. Nestor PG, Kubicki M, GurreraR}, Niznikiewicz M, Frumin M, McCarley
RW, Shenton ME. Neuropsychology of diffusion tensor imaging brain connectivity
in schizophrenia. Neuropsychology, In Press

53. Nestor PG, Akdag SJ, O’Donnell BF, et al. (1998b). Word recall in
schizophrenia: a connectionist model. Am J Psychiatry, 155, 1685-1690.

54. Newcomer JW, Faustman O, Whiteford HA, et al. Symptomatology and

cognitive impairment associate independently with post-dexamethasone cortisol



10

15

20

25

30

10 Schi zophrenia Bull. 25:197-200, 1999 30. Hi gashi ma
et al, 1998 31. Hoff PR, Haroutunian V, Friedreich Jr.

WOLR0BAR2W Buitron C, Perl DP, Davis KL. Lo$§THi$g005/011107

al tered spatial distribution of.oligodendrocytes in
the superior frontal gyrus sch? ophreni a. Biol
Psychiatry. 53:1075-1085, 2003 15 32. Hoptnman M,

Vol avka whncel@3RSNinGnmicaedBehiBbpiaetic BMientd. Bidi@sychiarry 29:855-846,
Frontal White natter m crostructure, aggression, and

i npul sivi%®¥ in nen with schizophrenia: a prelimnary

study. Bi_ol Psychjatr :.9: 14 2,.33. | ]

e i KRR DY ORI LyRE bt Eh B A Decreased
and t hopeleticll akitess ¢15goa§ﬂmf6gm c€M ia.poSichbzenpreffomal cortex in
Res. 42:187-191, 2000 20 34. Jakob and Beckman, = 35, i
Juckel ethizophregs, l@polaKaffecsre disprdsr. apd mamprsdepegspion, Schizophrenia
Positiv ng, negat i ynmptom scal e (PANSS). New

York: B oe%‘)(‘g]%@%ﬁ’éa’@f)@ Center. 1986 37. Keshavan et

al ., 1998%. 25 Bmeddtatlsttiposdible Rebesdhizophteatcyet namdpsychologically
Par aphreni a. Barcl ay, trans. Edi nbur&?Sh Scot | and: E&S

Li vi ngsthereal? Mwopsychalpgy- d ki 43Vr44Red C, Frumin M

Nest or Saly [ Kb +e 8s1 Al I :

R Shen? o7'n MB%%?O%)I%%%‘&&%% go‘ﬁérgci cﬁl E'SA fc%ltr? | %s C?%tlms and
schi zophmaileasupedonegmpetil gyrabsanmede sciifdphséron Armdd$sychiatry.

I magi ng st.udy. Psychiatry, 159, 813- 30 820. 40.

Kubi cki ,14M4g¥x/@§5;ﬂ290c. F., Nestor, P.G, Wble, CG,

Frumn, 94, NBijRSwskas,BelenfdrKiDi Soldkan-RaNi©€B8., Néurbnal and glial somal
McCarley, RW, & Shenton, ME. G ngulate WO

2005/ 0931z dn HETPrefoueby¢ates] opost-nyrteim ey of sehizophrenia and
U0 LR SPRRERD R e
Psychi atsoy 54alkiflAll Bhasel2003Gur GE, et al. Neuropsychological deficits in
neuroleptic naive patients with first-episode schizophrenia. Arch Gen Psychiatry,
51, 124-131, 1994.
60. Seaton BE, Allen DN, Goldstein G, Kelley ME, van Kammen DP.
Cognitive heterogeneity in schizophrenia is not accounted for by symptom profile.
J Nerv Ment Dis. 187:414-419, 199%
61. Selemon LD, Goldman-Rakic PS. The reduced neuropil hypothesis: a
circuit based model of schizophrenia. Biol Psychiatry. 1999, 45:17-25
62.  Shihabuddin et al 2000
63. Spaletta G, Tomaiuolo F, Marino V, Bonaviri G et al. Chronic
schizophrenia as a brain misconnection syndrome: a white matter voxel-based
morphometric study. Schizophrenia Res. 64:12-23, 2003
64.  Strik et al 1993
65.  Suzuki M, Nohara S, Hagino H, et al. Regional changes in gray and white
matter in patients with schizophrenia demonstrated with voxel based analysis of
MRI Schizophrenia Res. 55: 41-54, 2002
66.  Tkachev D, Mimmack ML, Ryan MM, et al. Oligodendrocyte dysfunction
in schizophrenia and bipolar disorder. The Lancet. 362:798-805



10

15

20

25

30

41. Lewis D 42. Liddle PF. Functional inmaging:
schi zophrenia. Br. Med Bull. 52:486-494, 5 1996 43.

wbhi 2003@7123edehus M Msel ey M de Crespi gny A, PSHUS202411107

EV, Pfefferbaum A Conpromsed?txvhlte matter tract
integrity in schizophrenia inferfed fromdiffusion
tensor imagi ng. Arch Gen Psychiatry. 56:367-374, 1999

44. Linggen Q’b'rre%l EHTReHokdr WEAORAN §1, USisRAVe Y8lken RH. The Stanley
affects p300 event 10 related potenti al Iatency in

r ecent - diosedativoBraiopPellention astNewopithelogn CResortigm: Sgigzophrenia Res.
219, 200 ley et al., 1997 46. McCGurk SR and
Mel t zer 4%\151#&5% of cognition in vocational

functionggng ivasGRAINAPTb&RKEY, VBANDZBPIHa9H DD, Beal. DE&@Qsed density of
435:175-184, 1999, 25: 15 233-255 47. MQire

& Frith ohgod@drc(gingb@)elht@s Qfaprfr@ff%ﬁl newrens wrayer LI in the prf:frmntaI cortex

connecti.vi n schiz

26, 663-%%‘#%@"1 R 31! éﬁgi@@%‘% oM 19@@%53#6 ST gztf@oz

of cl ozagi ne,Urkh&RAVA JOHBvVkada DD, aNkiapia©, el cBYoirth wicroscopy of
function in schizophrenia. Schizophrenia Bul be ' g

1999,  2digodendpopliaim severs mEphRiGes. PraimBes 58 J% 97-610, 2001,
Deshi mary Metydlq, %t%?%(%v  GPRIE: B UBindRT. Cognitive

schi zophreni a: REChani SNe o%ﬂdpatﬁo I ogi cal’ changes.
Act a Nedtmpiahing] corifn] 6dleast7andlYAHL&H sehity aypaRentsevitlsschizophrenia.

3 25 3ol tanany, wIELEIRIE N o A 2000 52,

Nestor P KlWhlﬁl&' EMDiEd B 8 zopgirdiii: ll R diadMesis-stress model.
Frumin M MCarley RW Shenton ME. Neur opsychol ogy of

di f f usi disytﬂ@hgov 7B w2 h connectivity in

schi zophyeni qy.NuLORSKC NALR &L, PPl Poss
75. Weinberger, DR, Berman KF, Illowsky BP. (1988). Physiological
dysfunction of dorsolateral prefrontal cortex in schizophrenia, III: a new cohort
and evidence for a monoaminergic mechanism. Archives of General Psychiatry.
45, 609-615.
76.  Weinberger D, Berman KF, Rec R F. (1986). Physiological dysfunction of
dorsolateral prefrontal cortex in schizophrenia, I: regional cerebral blood flow
evidence. Archives of General Psychiatry, 43, 114-124.
77.  Weinberger DR, Berman KF, Suddath R, Torrey EF. (1992). Evidence of
dysfunction of a prefrontal —~limbic network in schizophrenia: a magnetic
resonance imaging and regional cerebral blood flow of discordant monozygotic
twins. American Journal of Psychiatry, 149, 890-897
78.  Wernicke C. (1906) Grundrisse der Psychiatrie. Leipzig, Theime
79. Woodruff, P. W., Wright IC, Shuriquie N, Rushe T, Howard RJ, Graves
M, Bullmore, ET. Structural brain abnormalities in male schizophrenics reflect
fronto-temporal dissociation. Psychol Med. 27:1257-66;1997
80. Walker E, et al.
gl. Wolkin A, et al, 1998
82. Wolkin A, et al, 2003



10

15

20

25

30

30 53. Nestor PG Akdag SJ, O Donnell BF, et al.
(1998b). Word recall in schizophrenia: a

WORIREY18ni st nodel . Am J Psychiatry, 155, 1636T{E3p5/011107

54. Newconer JW Faustman 0, Wiggeford HA, et al.

Synpt omat ol ogy and cognitive inpairnment associate

i ndependently w th post-dexanet hasone cortisol WO

300V, QF7 1R X . PGIddI2ombit R.1 3. Che38org 6hive Borat WoWs Petko, J E.Roehr and

npedi cat ed_schi zophreni c Bi ol Psychi
SoNB B UG, SSToQue LT 6] BIEad: s VSITTRE e have a role?
RRchIROAN S I\/éseaxléh@ri%wa 9¥A, 1d%creased  nuneri cal

density of ol |godendrogl|al cells in post-nortem
prefrontal cortex in 5 schizophrenia, bipolar

oS 8% ien B R OL BB oE e Brnage. 1P 154 0

trﬁ ifdpyﬂ%»‘é?iji’l'uﬁ)rbﬂt id61)-ZHPNEREHEnYEL 1 -amine hydrochlonde] In vitro
neur opsychol ogi cal ﬁrmnor mal ? Neur opsychol o
eB;

L2t as 168 8 ecBlshORNPEA Chsa S RDAPO WKED Remgdde. Res.
?6209% t@rg hal | uci nati ons and 10 snull er superior

ora gyral volune in schizophrenia. AmJ
Psychl atry. 14:1457-1462,1990. 58. Raj kowska G

Sel emon_ LD, ol dnman- Raki ¢ PS. Neurgnal an | ial sonal
Bpe Mwnwteyamwawb&qzewaAp SRR SeMiet &Jy%”%erspoon SMIl,

S
BB ROBHESHL YR AL OS S AR SBRRE I ifon L Expresin

Bktl BEseliobbf PiauteaEe, - ébll ﬁ]e]aybkb BeajpfsyrdroChaprebsl Jdefmiatoft Biological
neur ol eEtlc nai ve ébi ents with first-episode

QEFFWHWP&# 441- A?%%ﬁeé% sychiatry, 51, 124-131,

1994. 60. Seaton BE, Allen DN, Goldstein G Kelley MNE,

van Kammen DP. Cognitive heterogeneity in
MekDpogt PEnHa X Wetg hSoudkareR, fSan AV, SgispraokhYpBelkpitek AME, Backx

Rt MBSl i b SRl G o1 S5 S EPHGERLIC Phannel Familis

Regulate Insulin Secretion. Molecular Endocrinology 15:1423-1435, 2001.

MacDonald PE, Sewing S, Wang J, Joseph JW, Smukler SR, Sakellaropoulos G, Wang J,
Saleh MC, Chan CB, Tsushima RG, Salapatek AMF and Wheeler MB: Inhibition of Kv2.1

Voltage-dependent K+ Channels in Pancreatic B-Cells Enhances Glucoes-dependent Insulin

Secretion. Journal of Biological Chemistry 277:44938-44945, 2002.

XulJ, Wang P, Li Y, Li G, Kaczmarek LK, Wu Y, Koni PA, Flavell RA and Desir GV: The
voltage-gated potassium channel Kv1.3 regulates peripheral insulin sensitivity. Proc Natl

Acad Sci USA 101:3112-3117, 2004.

Beeton C, Wulff H, Singh S, Botsko S, Crossley G, Gutman GA, Cahalan MD, Pennington M
and Chandy KG: A novel fluorescent toxin to detect and investigate Kv1.3 channel regulation

in chronically actoivated T lymphocytes. Journal of Biological Chemistry 278:9928-37, 2003.



circuit based nodel of schizophrenia. Biol Psychiatry.
1999, 45:17-25 62. Shi habuddin et al 2000 63. Spaletta

W@ 209%¢pdi3%ol o F, Marino V, Bonaviri Get al. ChrE§dVgS29p%/011107
schi zophrenia as a brain m sconggction syndrone: a
white matter voxel -based norphonetric study. :
Schi zophrenia Res. 64:12-23, 2003 64. Strik et al 1993
84 J, BivnbiRA, Wankith &k &, Racilagekd., Wu ¥t LAY, Fieegi RAaknd Desir GV: The
changes in %ray and white matter in patients wt _
yekipss BSHENEpFlR Bl HEURIPHRENE sigpis pyd pady weight.

i [ 55: 41-54, 2002 66.
?ﬁg%ﬁggg%%mﬁﬁﬁﬁgﬁﬁggEsgE?gﬁgﬁwP'et al . Aigodendrocyte

dysfunction in schizophrenia and bi pol ar di sorder.

he . t,. 362.798-805 WO 2005/ 0971 .
ey CBRTEROL Y Bpniraiy Vemost G 3@%@,@\%@%&.}4%8 L, Varga$,
KpaRhen M AJ R G; RnanH'DzXﬁﬁ!aK@ﬂclRﬁCoB&Iiﬁtﬂ{]ﬁl al%}i nonrandom distribution of

Foundation Brain Collection and Neuropat hol ogy
8o slaratissium Sehnglophd ER3andlesules ighd plasms enppae @gluman T

Rk breridt A5 o Qs SOBAPEABY IO0E: of i s of

pyram dal neurons in layer IIl in the prefrontal
cortex in schizophrenia and nood di sorders.

Schi zophrenia Res. 53: 107, 2002 69. Uranova NA,

Ol ovskaya DD, Vikhreva 0, et al. Electron m croscopy
of oligodendroglia in severe nental Illness. Brain
Res Bul | . 55:597-610, 2001, 70. Verdoux et a
2002Wal der DJ, Wal ker EF, Lewine RJ. Cognitive 10
functioning, cortisol release, and synptom severity in
patients with schizophrenia. Biol Psychiatry.
48:1121-1132, 2000 73. Walker EF, Diforio D

Schi zophreni a: a neural diathesis-stress nodel.

Psychol Rev. 104:667-685, 1997 74. Wi nberger DR Arch
Gen Psychiatry. 1986



15 75. Weinberger, DR, Berman KF, ||l owsky BP. (1988).
Physi ol ogi cal dysfunction of dorsolateral prefrontal
cortex in schizophrenia, Ill: a new cohort and

evi dence for a nonoam nergi ¢ nmechani sm Archives of
General Psychiatry. 45, 609-815. 76. Wi nberger D,

Berman KF, Rec R F. (1986). /si ol ogi cal dysfunction
of 20 dorsol ateral prefrontal cortex in: '
schi zophrenia, |: regional cELMMSI: bl ood flow

evi dence ‘\éas of General Psychiatry, 43, 114- 124.
1. Azommevpdef %é'iﬂ Berman KF, Suddath R, Torrey EF.

(-1992). Evidence of dysfunction of a prefrontal
-limbic network in schizopphkeni a: a magnetic

resonance i magi ng and reg [ CE brab bl ood fl ow of
. et an Journal of
S~ V1 cke C. (1906)

di scordant nonozygoffR 24

Psychi atry, 149, 890-897

‘G undrisse der Psychiatrie. Leipkig, Theinme 79.
Woodruff, P. W, Wight |CzSk quie N, Rushe T,
Howard RJ, Graves M Bull ET.®™Btructural brain

abnormalities in nmale schi ZRPALeNi cs refl ect
fronto-tenporal dissociatio ngychol Med. 27:1257- 66

1997 30 80. \al ker E, et al ‘ . Wlkin A et al, 1998
82. Wlkin A et al, 2003 WP 05/ 097122
PCT/ US2005/ 011107 - 35 Smth, CP., AT. Wods,
Corbett, R, S.M Chesson, GM Bores, WW Petko,
J. E. Roehr and S. Kongsanmut. Serotonergic activity of
hHF? 184: Does spontaneous rel ease have a rol e?
WBSElr ocheni cal Research 21:573-583, 1996. 5 Smith,
C. Rnis 0, Ror Brougham F.P. Huger, L. Davis, J.T. Kl ein
and R land. HP 184 [N
(n Bl’ %yll‘)r (3-fluroro-4-pyridinyl)-1H 3-net hyl i ndol -
drochloride]: In vitro spontaneous rel ease

&Eﬁ%&& ﬁd@b'eé@g&@ ?‘Am%ggé%g& BERIIBENIINE)-CoRiYH Ci-Calkoxy,
benzyloxy, hydroxy, nitro or amino;
each R, is independently hydrogen, C;-Cgalkyl, Ci-Cealkenyl,
C;-Cgalkanoyl, balogen, cyano, -C(0)C;~Cealkyl, -Cy-CgalkyleneCN, -Cy-
CsalkyleneNR’R” wherein R’ and R” are each independently hydrogen or C 1-Cealkyl,
-C;-CgalkyleneQC(0)Cy-Cealkyl, or -CH(OH)R, wherein Ry is hydrogen or C-

Csa]kyl;
R; is hydrogen, C;-Csalkyl optionally substituted with halogen, hydroxy or benzyloxy,

C;-Cgalkenyl, C;-Cgalkynyl,

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

R; is hydrogen, nitro, amino, halogen, C;-Cealkoxy, hydroxy or Ci-Cealkyl

or a pharmaceutically acceptable salt thereof,

for use in the treatment of schizophrenia in a human.



10

15

20

10 Roe MW Worley JFITI, Mttal AA Kuznetsov A
DasGupta S, Mertz RJ, Wtherspoon SMI1, Blair N,
Lancaster Mg, McIntyre MS, .Shehee WR, Dukes I D and
Phili pson LH. Expression and Function of Pancreatic
(3-Cell Delayed Rectifier K+ annel s. Journal of

Bi ol ogi cal Chenistry 271:322471- 332246, 1996. 15
MacDonal d PE, Ha XF, Wang.J, Srrul ker SR_ .Sun,AM.

5 GaiTenempumdtirapasselaime inisiary] WHRFSMR iSfubogso. falogen,

mﬂ;%b;an%;&}sy ,gg l;&@@yi I-I{gglg Pﬁﬁ%g%% gt FQ-QZ.;?(@F Z{tiqg ir}ydﬁgen or Ci-Cealkyl; R3

IC. ERIPSH HialsHegand pisld23- 1435, 2001. MacDonal d
“S“’Jr@‘l,’éa'%ylﬁ'ngﬁaisksl V\ar%H% Joseph JW Smukler SR,

Sakel | aropoul os G Wang J, 20 Saleh MC, Chan CB,
Tsyshi ma al Km#\f' AGmN ddledin 2 cobipfoud hdthe following
3. of %f."?pg%c}ﬁgé’gg%’te‘gen ent’ K+ Channel s in Pancreatic

: Cel | s Enhances d ucoes-dependent Insulin-
Secretion. Journal. of Biological Chemstry
277:44938-44945, 2002. Xu J, Wang P, Li VY, Li G
Kaczmarek LK, Wi Y, Kom Q‘avell RA and Desir GV
The 25 voltage-gated S channel Kvl .3
regul ates peri pheral ensitivity. Proc Natl
Acad Sci USA 101:3112-3T17, 04. on C, Wil ff H,
Singh S, Botsko S, Crossley GN man GA, Cahal an MD
Penni ngton M. and Chandy A novel fluorescent toxin
to detect and I nvestiga channel regulation 30
in chronically actoivate ) ocytes. Journal of
Bi ol ogi cal Chemistry 278:9928-37, 2003. WD 2005/097122
PCT/ US2005/ 011107 -36 Xu J, Koni PA, Wang P, Li G

Kaczmar ek L T b foll
4. volﬁ‘g %ﬁwﬁ%g#um ¢ gﬁ%@lﬁ E(%eﬁa?gaﬁeoslﬂéner gy Pllovine

fornfifigeOSt asi s and body wei ght. Human Ml ecul ar Genetics
12:551-559, 2003. 5 Panyi G Bagdany M Bodnar A,
Vanosi G Szentesi G Mat yus L Varga S,
Wal dmann TA, Gaspar R anj
and nonrandom distrib ofN Kv1. 3 pot assi um
channel s and CD3 nol ecul es in\the ma nmenbr ane of
Human T | ynphocytes. Proc. Acad. Sci. USA
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5. A compound of formula I as defined in claim 1 or a pharmaceutically acceptable salt
thereof for use in treating schizophrenia in a human while avoiding the concomitant liability

of glucoregulatory abnormalities associated with the administration of antipsychotic agents

6. The compound for use as claimed in claim 5 wherein R is hydrogen, halogen,
triffuoromethyl, or C;-Cealkyl; Ry is hydrogen or C;-Csalkyl; Rz is hydrogen or C;-Csalkyl; Ra
is hydrogen, C;-Cealkyl or halogen; and pis 0.

7. The compound for use as clé'utned in claim 5 wherein the c,ompoﬁnd has the following

formula



CLAIMS: 1. A conpound of formula | (Rn (tl)n N Q
N~11 R R83 (OP 5 wherein msO,1lor2; nis 0, 1 or
2; pisOorl; 10 each R is independently hydrogen,

hal ogen, trifluoronethyl, Cl-C6alkyl, Cl-C6al koxy,
benzyl oxy, hydroxy, nitro or a39i0; each RL is

i ndependently hydrogen, Cl-C6al kyl, Cil1-C6al kenyl,

Cl- Coal kanoyl , hal ogen, cyan, -C(O Cl- CON

- C1- Coal kyl eneCN, -d - Co6al kyl eheNR R* wherein R and
R' are each i ndependent Rygrogen or Cl- C6al kyl, 15
- C1- Co6al kyl eneOC( O C1- CH ) -CH(OH) R4 wherein R4
is hydrogen or Cr Cb6alk N s hydrogen, C1-Cgal kyl

optionally substituted with hal b en roxy or

benzyl oxy, C, -C6al kenyl, Cl1-Cg W‘l‘rd

- CO2Cl1- Coal kyl, or-R5- NR A=fierein R5 is

Cl- Coal kyl ene, Cl1- Coal ken Qr . .Cl- 20 C6al kynyl ene

and R and R' are each ing denfly hydr ogen, :

Cl- Coal kyl or alternatively the group -NR R' as a

whol e is 1 pyrrol i di. nyI and R3 is hydrogen, nitro,

am n’gll f&s kied in Bl B whereinGhe Eambinyid hasrthe following
h e fo

acceptable salt thereof, 25 for use
formulane treat rrent of schi zophrenia in a hurman’

9. A product comprising ()a therapeuticaliy effective amount of a compound of formula
[ as defined in Claim 1 or a pharmacentically acceptable salt thereof, in combination with (ii)
a fherapeuti_cally effective amount of an aritipsychotic agent for simultaneous, separate, or '
sequential use in the treatment of schizophrenia in a human while avoiding the concomitant
liability of glucoregulatory abnormalities associated with the administration of antlpsychotlc

agents.

10 The product for use as claimed in claim 9 wherein R is hydrogen, halogen, trifluoromethyl, ,

or C;- Cealkyl; Ry is hydrogen or Cl-Cga]kfl; R, is hydrogen or C;-Calkyl; R is hydrogen, Ci-
Cealkyl or halogen; and p is0.

11 The product for use as claimed in claim 9 wherein the compound has the following formula
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-38- 2. The conpound for use as clained in claim1l
wherein R is hydrogen, hal ogen, trifluoronmethyl, or
Cl-C6al kyl; Rl is hydrogen or G -C6al kyl; R2 is
hydrogen or Cl1-C6al kyl; R3 is hydrogen, CIl-C6al kyl or
hal ogen; and p is 0. 5 3. The ggopound for use as
clainmed in claiml wherein the conpound has the
following formula C6N N-..f N/ F 4. The conpound
for use as clained in claiml erein the conpound has
the followng 10 fornu \

formula | as defined in

acceptable salt thereoNfaF—ugf in treating

schi zophrenia in a human whil e ®voi t he

concom tant liability 15 of gl¥ceregul atory
abnormal ities associ ated w he adm ni stration of

anti psychotic agents. 6. {{he c ound for use as

clainmed in claimb5 wherei ng.RAS h§drogen, hal ogen,
trifluoronethyl, or Cl-C6al kyl; R is hydrogen or
Cl-Coal kyl; R2 is hydrogen or Cl-C6alkyl; R3 is _ )
hyd fﬂ%ﬁg‘wﬁ 6788t kdlaigtedhatlaped wharwin thei epmpourrthap therfpowing formula:

1% ompou use as claimed in claim5 wherein the
conpound has the . S. The
conpound for use diiny aim5 wherein the
conmpound has -t he i N

13. A compound of formula I as defined in claimlora pharmaceuﬁcally acceptable salt
thereof for use in treating the cognitive dysfunction associated with schizophrenia in a human
while avoiding the concomitant liability of glucoregulatory a'bnormaliﬁes_associaxed with the
adﬁlinistration of antipsychotic agents.

14.  The compound for use as claimed in claim 13 wherein R is hydrogen, halogen,

trifluoromethyl, or - Cy-Cealkyl; R, is hydrogen or C;-Cgalkyl; R is hydrogen or C-Ceatkyl; R3
is bydrogen, Ci-Cealkyl or halogen; and p is 0. :

1.5 The compound for use as claimed-in claim 13 wherein the compound has the following

formula

N

N
\
N

/T
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N N5 9. A product conprising (i) a therapeutically
ef fective anmount of a conpound of fornula | as
defined in Caim1 or a pharmaceutically acceptable
salt thereof, in conbination with (ii) a
therapeutically effective angy?t of an anti psychotic
agent for sinultaneous, separate, or 10 sequential use

in the treatnent of schizophrenig in a. hyuman whi lowin
16. avaimdicompbinal foomsonas elained Inj Aym f} ‘;‘/E%fP'ﬂgﬁg‘ﬁ 88‘5“@‘3‘&‘#“2?%5rt'y“ following
abnormal ities associated with the adm nistration of
forml®i psychotic agents. 10. The product for use as
clainmed in claim9 whereid R4s hydrogen, hal ogen,
trifluoronmethyl,, 15 8&9al kyl ; Rl is hydrogen
or Cl-C6al kyl; R2 is en Or Cl-C6al kyl; R3 is

hydr ogen, Cl- C6al kyl 0 en; dpis 0. 11. The
product for use as clained |g&m@/rann§ wherein the

conmpound has the follow rmula -40- N--x N 12 The

product for use as cl ai claim9 wherein the

conpound has the foll ow\Wwg f#rnmula: N5 13. A

compound of formula I ash ined inclaiml or a

pharmaceutically acceptable salt thereof for use in

-treating the cognitive dysfunction associated with o sal

schi zophrenj a.J n il @aidy P bflh PHariieutically acceptable salt
17. COHQ‘,GWP%‘H{H %HQW\%@W%%?Q[Q?UI at‘o?y abnormal ties . oo
merééfﬁgh%i%gxéﬁm@gi#&gnmdysﬁfmw momteggﬂ%éﬁbémk‘f_ ea .

agent s. - 1he corpound 1,0r g LRsidlities in glucose
whibd aﬁoidmsthmp@qmﬂwﬁ 2] Pga“éﬂ%"ﬂi‘g o%gc%, d

trifluoronmethyl, or Cl-C6al kyl; R is hydrogen or '
reg@fi¥hal kyl ; Rl is hydrogen or Cl-Cealkyl; R3 is

hydr ogen, C1-C6al kyl or hal ogen; and p is 0. 15 15.

The_conpound ,for use ) FBfin 117 wHeRéiARLS hykdedgennbalogen,
18.theTMPﬁEﬂB\’BdI‘T%'SUSFr?§° 0 %g\%:"ng . 1 vdrogen or Cr-Cealkyls Rs
trifluoromethyl, or C;-Cgalkyl; Ry is hydrogen or C1-Csalkyl; Ry is hydroge AR TS

is hydrogen, Ct-Cealkyl or. halogen; and p is 0.

19 The compound for use as claimed in claim 17 wherein the compound has the following

s
N

—

P

formula

20 The compound for use as claimed in claim 17 wherein the compound has the following

formula:
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formula Cr' 6NN N N -41-. 16. The conpound for use
as claimed in claim13 wherein the conpound has the
following fornula: Nf_ N5 17. A conpound of fornula
| as defined in claim1 or a pharnaceutically
acceptable salt thereof fordgge intreating the

cogni tive dysfunction associ al®d with schizophrenia in
a human while avoiding the concomtant liability of
schi zophreni a-rel at ed aft e\i ties-in glucose

regul ation. 10 18. Th¢ for use as clainmed in
claim 17 wherein R is\y halogen

trifluoronmethyl, or d- .’- y \; hydr ogen or
Cl- C6al kyl ; Rz is hydrogen or l"t—l-a(gz;likyl

hydr ogen, C1- C6al kyl or. gen; and p is O. 19. The
conmpound for use as clayred i\n claim 17 wherein the
compound has the foll ow A5 fornula 3NN N---", N

20. The conpound for use as clained in-claim1l7

-wherein the conmpound has the following fornula: -42-

I N......... 21.. A conpound of formula I as defined

21. 1 N £ tGhPlndBf (Brolla 1B defihé Cial dlaimat opp phdrmaceutically acceptable salt
thereof for use in treating the cognitive dysfunction and glucoregulatory abnormalities

associated with schizophrenia in a human.

The compound for use as claimed in claim 21 wherein R is hydrogen, halogen,

trifluoromethyl, or C-Cealkyl; R; is hydrogen or C;-Cealkyl; Rz is hydrogen or C;-Cealkyl; R;
is hydrogen, C;-Cealkyl or halogen; and pis 0. '

The compound for use as claimed in claim 21 wherein the compound has the following

®
N
\
N

formula

—

N

The compound for use as claimed in claim 21 wherein the compound has the following
Y
N
N\/\
\
@

formula:
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thereof for use in treating the cognitive dysfunction
and gl ucoregul atory abnornalities 5 associated with
schi zophrenia in a human. 22. The conpound for use as
clainmed in claim21 wherein Ris hydrogen, hal ogen,
trifluoronethyl, or C- C6a|k i s hydrogen or

G -Coalkyl; R2 is hydrogen or %: Coal kyl; R3 is

25. %g% %&%iael egngﬁ? E‘é& qd(ﬂ %prlﬁa’ﬂ gﬁﬂp &@'acceptable salt
th
B

V\/nerel n the conpound has the-followng fornula:

s R b o e

_mﬂggtol e 1%&:9% 'eI@Pi‘s%Srﬂf eﬁl@w,r@andylaszmhydmgenorc,-csatky : R

he “conpound for use as clained in claim
1shfcﬁog$i£|(h+€ga&ylerhglcge@genﬂphﬁaﬂogen 5 trifluoronethyl,
or Cl-C6al kyl; Rl is hydrogen or Cl-C6alkyl; R2 is
hydr ogen or Cl Coal kyl ; R3 is hydrogen, Cl-C6al kyl. or
27. hal A@&RdmpdRdd Bor uge @s cRifedineclainn P whereimthe pompeynd has the following
claimed i'n clai-m25 wherein the conpound has the
formiwal owi ng fornula 03N Nr- N 10

N
N
N\/\
——

\

N—s F
28.  The compound for use as claimed in claim 25 wherein the compound has the following

o
' N

N

_formula:

—_—

\

N
29,  The compound for use as claimed in claim 23 wherein the glucoregulatory abnormality
is hyperglycemia.

30.  The compound for use as claimed in claim 25 wherein the glucoregulatory abnormality

is type 2 diabetes mellitus.

31. A product comprising (i) a therapeutically effective amount of a compound of formula

I as defined in Claim 1 or a pharmaceutically acceptable sait thereof, in combination with (ii)
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25

30

28. The conpound for use as clained in claim?25
wherein the conpound has the following forrmula: nN N
15 29. The conpound for use as clainmed in claim25
wherein the glucoregulatory abnormality is

hypergl ycem a. 30. The conpoyad for use as claimed in
claim 25 wherein the glucoregul atory abnornality 20

type 2 diabet it A pr.oduct -
e e o Tt |65 b e B

of farmul | as defined in Caiml or a
gfo“ﬁr‘ﬁ&f‘ﬁﬁ%‘]ﬁﬁa}} cally acceptable salt thereof, in

antiiR8EHo8 A pgtyvirhie i) infstediants, FBVIEHA Fedriage inbibitors. pholesterol

anount | east one ot her € amma
absosgticacinbibitorso RP AReZamypg, G@Tﬁﬁsﬁ&#éﬁ’hgg %BQ% Tg? eat:)?l%aég metic
I Sh¥osptidnEhibitors EPambibitors, po ymeri
goq’%ﬁ'qg)%ggs%ﬁ%‘é?s‘%gr%g%sor t| on | nh|ob| t.or ag PRAR

bile SGiHEEscAbans, LIDBL, reeRpar indeersad jnkibitops gotip t&a{m?grotem lipase
agon! st s, r at MIP i
inbibisga AT S A gt ey %vgﬁl%%rsg mﬂrggﬂgﬁnelﬁogrotem(a)
sl BTt S s okt b
P e dieplsSa3Eh act gn the ATP-

thiazohdidediones, a—gm@aﬂdaaeaplg 1t9@5@qvmwgp pis W g‘bg?

synt het ase i nhi bi.t ﬁist?s, MC4 ists,
depqq)&squm&a&p oq'rtﬁ%gn]fth BQ]EJ 1 68onis8WRYQiFo agoni

I'ns, onylureas

orex%& %&E@m agBRis, NI aifushists, tCERElagdmﬂs,r(éEF SPeantagonists, urocortin
cosi dase inhibitors; act v.e hngr edient sﬁ sts,

agommlﬁﬁeagbﬁﬁtﬂMﬁléﬁmb@ﬁ?ﬂﬁﬁ S HrARoRis K A

Sem%cel ld'eli} % aﬁg&hléﬁm@@&nﬁﬂ é&rﬁno%eﬂﬁgiv (ﬁﬁnpounds SHT

oni sts, TNF agoni sts,
. agoiisis) rﬁo’iﬁlfemﬁﬁﬁnﬁ& gﬂmmmm mgthoﬁm.()ﬁ% g}'cgvytg hogpgone-

I
s S ST e i

gg&&m A6 Doprd:aH, lipagianylae inbibitdrs; BRAR modulators, RXR
n’pou agoni sts, bonbesin agonists, gal anin

moma@@ﬂm’ﬁ agqmmm amphetgmiRes, gr owt h hor mone 15
I d
for é,%gféf}'o” CFEP %:qu- SE%%EE\ 990 15 FeatMBRQI A Fe@IlN0} dbnommalities

I'nagoni st's,
in a patient.

32. A compound of formula Il as defined in claim 1 or a pharmaceutically acceptable salt
thereof for use in treating the negative symptoms associated with schizophrenia in a human
while avoiding the concomitant liability of glucoregulatory abnommalities associated with the

administration of antipsychotic agents.

" 33.  The compound for use as claimed in claim 32 wherein R is hydrogen, halogen,

trifluoromethyl, or C;-Cealkyl; Ry is hydrogen or C1-Csalkyl; R; is hydrogen or C;~Csalkyl; R
is hydrogen, C;-Cealkyl or halogen; and pis 0.

34.  The compound for use as claimed in claim 32 wherein the compound has the following

formula
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35.

DA agoni sts (bronocriptine, Doprexin), |ipasel/anylase

i nhi bitors, PPAR nodul ators, RXR nodulators or TR-$i

agoni sts or anphetam nes, for sinmultaneous, separate

or sequential use in the treatnment of glucoregul atory
abnormalities in a patientu4gQ 32. A conpound of

formula | as defined in claiml1l or a pharmaceutically
acceptable salt thereof for use in treating the

negati ve synptons associated W th schizophrenia in a

human whil e avoi di ng st corcomitant liability of

gl ucoregul atory abnor [fe es\Ngpssociated with the

adm ni stration of antlpsyehqti/c agents. 25 33. The

compound for use as cl atfred &% cl aj-m_32 wherein Ris

hydr ogen, hal ogen, —trifluoronBLbfr?Lbr Cl-Coal kyl; R1

i s hydrogen or Cl-C6al kyl~RZ is hydrogen or

Cr-Co6al kyl ; R3 is hydrggen, \Cl- C6al kyl or hal ogen;

and pis 0. 30 34. The ¢ For use as clained in

cl ai m 32 wherein the 'cofpouhd has t-he foll ow ng

formula -45- N Nf N F 35. The conmpound for use as

claimed in claim 32 whereji.n the .conpou ;
f oMhe wpmpourdiopuseas daiged in c Al IS?’({PQ ?ﬁ%’?gﬁ?d bas the following

defined in claim1 or a pharmaceutically acceptable
formuliy:

36.

t hereof for use in enhancing glucose-stinulated
Nentto 37. The conpound for

5| Wiy ein R is hydr ogen,

hal ogen, trifl uoromnet §1C1-C6alkyl; Rl is

hydr ogen or Cl-C6al kyl ; \ hydr or Cl-Co6al kyl ;

R3 is hydrogen, Cl-C6alkyl oNAha(gggﬂ; and p is O.

—

insulin release in a pa
use as clained in cla

\ 7/

A compound of formula I as defined in claim 1 or a pharmaceutically acceptable salt

thereof for use in enhancing glucose-stimulated insulin release in a patient.

37.

The compound for use as claimed in claim 36 wherein R is hydrogen, halogen,

trifluoromethyl, or C,-Cealkyl; Ry is hydrogen or C;-Cgalkyl; Ry is hydrogen or Ci-Cealkyl; Rs
is hydrogen, C;-Cealkyl or halogen; and pis 0.

38.

The compound for use as claimed in claim 36 wherein the compound has the following

formula

\ _

N
\
N

-/



38. The conpound for use as clained in claim36
wherein the conpound has the followng 15 fornula CoN
N N -46- 39. The conpound for use as clainmed in claim
36 wherein the conpound has the follow ng fornula:
CON N NS5 46- _

39.- The compound for use as claimed in claim 36 wherein the compound has the following

formula:



