WO 2009/135495PCT/D1C2009/050107 1 METHOD FOR TREATING COGNITIVE DEFICITS The
present invention relates to the use of trans-44(11(35)-6-chloro-3-phenylindan-
1-y1)-1,2, 262 tHidp#serazine for improving cognition. Moreover the inveRfid/Dilate836i6th Simproved
phailnaceutical composition comprising 4-((JR,385-6-chloro-3-phenylindan-1-y1)-
1,2,2-trimethylpiperazine. BACKGROUND OF THE INVENTION The compound which is the
subject of the present invention (Compound I, trans-4-

10((IR,35)-6-chloro-3-phen Iindan-l-&lg-l 2,2-trimethy!l iperazinei has the folluula (1): CH, (1)
International patent publim 758@6’1% t Hﬁﬁﬁgﬁﬁg (i.e., Compound |) as a
free base and its corresponding succinate and malonate salts. The compound is reported to have high

affinity for dopamine Di (antagonist) and D2 receptors 15 (antaéonri;f,g, the 5-HT2 receptor (antagonist)
and for a, adrenbleBtEPERIAMVFe 9BasITEBUB St ipntitd i Mideldsehl t5one PRERITY M freatment of

several disg@pses, ndnagRIFHALINRUSSYSIRIVIRCHEIRAISYAbRsiISciNtRafticuiassehizephyania
(positive, negative, and/or depressive symptoms) or. other diseases involving psychotic symptoms,

suctras, BB OSEhRUPRIHA 8L ARFBRRENA SNBSS, S ERiZ S ftedtior it satdishal
Disorder,1BrigfiRsyahatita@Misorder, Shared Psychotic Disorder, as well as other psychotic disorders
or diseases with psychotic symptoms, e.g., mania in bipolar disorder. Also disclosed in WO
2005/016900 is the use of Compound 1 for the treatment of anxiety disorders, affective disorders
includingBlepessan ] Sae D HISTHBD ARGEENTIgIAine, neuroleptic-induced parkinsonism, or cocaine
abuse, nicotine Fpuse, alcolfigoll%%lége arfg other ab rsﬁﬁ(iisorders., and for the maintenance of 25bipolar
disorders. 2 HEPIRIBt S s EDR AN ATFSERY FRTSII RAhIBRRM ihdidig the
aboMe pharkaselogicrlrprafibearengih 838073, Bagast Kt aind) MedhERemul 4895, 38, page
4380-4392; and Bogeso K.P. "Drug Hunting, the Medicingl Chemistry of 1-Piperazino3-phenylindans
and Related Compounds"”, 1998, ISBN 87-88085-%-:\(@ ’e.g., compound 69 5in table 3, p47 and in
table 9A, p101). The present inventors have now suwprisingly found that Compound I, i.e., trans-4-
(UR,.33)-6-chloro-3 -phenylindan-1 -y1)-1,2,2-trimethylpiperazine, has cognitive enhancing properties,
and thus, the present invention is direct t(oI this and oﬂ"ner important ends. 10 SUMMARY OF THE
INVENTION The disclosure relates t6 methogsof, treating cognitive dysfiinction, such as, e.g.,
cognitive dysfunction associated with a certa e, comprising the administration of Compound |

gharmaceutical 15composition. The
rmaceutically acceptable salt thereof in the
manufacture of a medicament for the treatment of cognitive dysfunction, such as, cognitive dysfunction
associated with a certain disease. In a further embodiment, the disclosure relates to an improved
pharmaceutical RReempesitipaaompbisiagGompowal 2qestiaekely dsebiforihedreasmeant;ef cognitive
dysfunction associated with a certain disease, such as schizophrenia. In ope aspect, there is
provided T RSESF trafS-A- (> 387%-Wors LRRERAHERR- TUSH TS 34 MR &7 §infk{‘fr a
pharmaceutigaiiyddceptableisaltitherdoin:tdiminyanufdotunaiat eomedicpmest fardhb,treadment of a
cognitive symptom of schizophrenia in a patient. 25 In another aspect, there is provided the use of

o (OB 5ot B A S5t 23 R PR ol Bhar Uy

acceptabje-safhiaieoi e dtieserepaiationdf Rredisrment Jordaating caanithecinral meiius
associated with schizgghrenia (CIAS) in a patient. 2a FIGURES Figure 1: Effects of Compound | in a

rat diseaS& &t DBEArS i WA L8RS EeRiili 2 RAsVe RESelSRingdiPadeBieiice with an
embodimgni@abihe present: iaveatianifighiag phfecisolwampaingidingg ratdiseasepreeahior

schizophgenia wijth cognitive 5deficits visual learning. and memory (acquisition) in accordance with an
embod 6?&#&#5&8%%?%%%@%&egﬁlﬁﬁrfﬁafgf COMRBBUNE | iR eiSestd FBHdITor
schinophreisiadeitseagnitivg defiRitsivisdeal, |earnbngandinemosdietaniminacgardarcawyith an
embodiment gf the present invention.., . . ) . . .
psychotic symptoms, e.g., mania in bipolar disorder. Also disclosed in WO 2005/016900 is
-the use of Compound 1 for the treatment of anxiety disorders, affective disorders including
depression, sleep disturbances, migraine, neuroleptic-induced parkinsonism, or cocaine

abuse, nicotine abuse, alcohol abuse and other abuse disorders, and for the maintenance of

25 bipolar disorders.



WO 2009/135495PCT/01(2009/050107 3 Figure 4: Effects of Compound | in a rat disease model for
schizophrenia with cognitive deficits: visual learning and memory (discrimination index) in accordance
with an embodiment of the present invention. Figure 5: Effects of Compound | in a rat disease model
for schizophrenia with cognitive 5 deficits: visual learning and memory (locomotor activity) in

accordance withCtheembblitatemsofigwoptes drenmvantibh. Fidurdged|eomdiegrdm wicihéingafigfacturing
process of film 88%%&&%@%%@8&%@[&%‘%@%@%@%31,939&3.@&%%%%%@@%9'iJéé',%s,

INVENTION Diminish tive processes (i.e., cognitive impaii.iuent, cognitive deficit, Cognitive
dysfunctipagents 89e4ia) eah Begsxp&riBndeu i ldeviral ﬁgqié&tt@@bé;}@@imgf_rﬁzﬁm@w
depressive HAHAIRRS ARG ANCIMBAIIRR'S 1YL TRIAPSONSMSEARS. COURINGAMBRIIEO!
includes a declihe In cognitive tfunctions or cognitive domains, 15 such as, e.g., difficulties with
gtten‘_iion,ile‘alhim@,mﬁrﬁndﬁlatﬂbb&%wﬁélfhnption (relevant reactions to external stimuli). Cognitive
impairment also-fay,include; dsficis ioRtan o, finarannizse hinkingesiswiainking, diffisulty in

understanding, poor concentration, impairment of problem solving, poor memory, difficulty in
expressing/iiadittsidantidrirtegiatday thdld s -featieigslainsloeigvidus Aot EtiseharcEn
relevant gl adngd HIGHINAGRIAN AefdalaREe Rk ERmIAGRRA oMoy, Visual
learning and memory, speed of processing, social cognition, reasoning and problem solving, e.g.,
executive functioning. There are presently no effective drugs for the treatment of cognitive disorders

on t?@ m@ﬁ%@&ﬁ@w%@m@@gm demand for drugs effective in the treatment of such

disorders. 25Cognitive deficits, including impainlents in areas such as memory, attention, and

executive functidrheaséselprujorrdisfesniinaretleds prédietdnsf tospiiemividaniigin sehiASpKenia.
Unfortunately; preseniyaualiable aniinsyehntc medicaionssere.saiativaly inRifegive: idmprayng

cognition. Schizophrenia is characterized by three broad types of symptom groups, namely, 30
positive sgzmpm\afgi(é.gr,mhmﬁ@tﬁ@ﬂn@gmbéw@tdh@q@fgg affeese BlisaRdherrP S0kl
withdrawal).and impalrepisinnioumaion Rassssing and GRopitvR RGNS (SHEhAsRiRal
executive tfunctioning, aftention and memory). Executive functioning incorporates WO
20095135%9‘@1‘1@1(_:2009/(_)50107 4 processes such as planning, organization, mental flexibility and
task coordination-ang; i3iconsidriertighadhrdamginin.yshschi RS sREYRAhE most

difficulties. Cognitive deficits in schizophrenia are also termed "cognitive impairment associated with
schizophréahidheepl %), the teaminrreramd aimrdicamenps & e PRERGD Sl civenBHG: Wy SmeEtos of
psychotic synpioms.apdiarRibeLAlinical isabareshy themas.dhere is a close link between cognitive
impairment and community functioning and unfavorable outcome in patients, and no efficacious
treatment of thede gyrfisthersamhoBsesntodhel étclosurpheslay rICE! (VREQYRSHEBMECtHsatment
Resggreh g naeieye GQHBHL‘?H?' NSBEaRE r?r?h'ieﬁi@;i%edee@a? WeARewaendhe Matignaliinstitute of
Mental Health, the 10 University of California, Los Angeles, and the United States Food and Drug
Administratigfn iy wciredtiniiacsrsindissrey sreh gt irariie it cognitive impaiiments in
schizophrenia angl fow, {hey might ReReiassrsarbLaNd fealgd Rhas-eniified squen whitical domains

of cognition including working memory, attention and vigilance, executive functioning (i.e., reasoning
and problshr kewiiinsrRPrBarmagr vishamesamerSpeewirtisibteseidnahg BueriaebyRition.
The currepf apfipsycheficklamabireahitg Pesiive /WRIpmS of sehizanheanianngdarye limited
impact on the negative or cognitive symptoms. Furthermore, many antipsychotics currently on the
marRét even prolibkan@the imfiieetl cOgFtve iRTpEiAekntEe THEF e iHEré 1 Hird-Aieddrts-develop
better the%ﬁ@lﬁ%iﬁ%ﬁl@@}ﬁ@ﬂb%ﬁm stunction Asaaaiaied it sehizopiyRNaK 2RdBerpEesent
inventors have now found that trans-4-(UR,38)-6-chloro-3-phenylindan- I-y0-1,2,2-trimethylpiperazine
attenuate§thePBIRERIETR PlrformetieaisTaiion e HEMIGCS® By Qrimpalsas | apestfty @6hition
enhancing(}?ﬁgpﬁﬁ,@ﬁao@h}gsﬁmfggsee e.g., Example 1 herein). The attentional set-shifting
paradigm is an animal model that allows assessment of executive function via intra- (ID) versus
extra-dimensional (ED) shift 25 discrimination learning, and is functionally analogous to a sensitive
test of frontal function in humans, viz. the Wisconsin Card Sorting Test (WCST) or the computerized
intradimensional-extra-dimensional test. Specifically, this task requires rats to solve a series of
discrimination problems by distinguishing which of two pots presented contains food rewards based on
two or three non-spatial cue dimensions (odour, digging medium, and/or texture). A 30
schizophrenia-disease-like animal model with subchronic phencyclidine (PCP) administration plus
washout period is applied. The subchronic PCP with washout treatment regime appears to induce the
most selective impainnent, with a performance deficit confined WO
2009/135495PCT/D1C2009/050107 5 to ED shift performance only; thus, indicating that this specific
phaanacologicat manipulation may model more effectively the executive function deficits observed in
first-episode schizophrenia patients. Further, the present inventors have surprisingly found that
trans-44(1R,3S)-6-chloro- 5 3-phenylindan-1-y1)-1,2,2-trimethylpiperazine attenuates the visual
learning and memory impairment induced in an animal model, also indicating cognition enhancing
nronartiee of thic comnniind (ceeann Fyamnle 2 harain) Thiie the overall findinae nf the ahnve



20 perceived. It involves GABA-ergic and a7 nicotinergic receptor-mediated inhibition of the pyramidal
neurons in the cornu ammonis (CA3) region of the hippocampus. Moreover, the present inventors
have surprisingly found that in addition to its already known pharmacological profile, trans-44(1R,
35)-6-chloro-3-phenylindan-l-y1)-1,2,2- trimethylpiperazine shows a potent in vitro antagonistic effect
at 5-HT6 EHEPRIES which is a 25 receptor target that has been associated with cognitive enhancing

effects in ol | .{see ; ein).. This is.based on non-clinical
studies sk%%?r%ﬁfthIgflt{%%agtrﬁf:gg\}%ﬁﬁﬁﬁg?é%%tlrs%gis%%%rgﬁ!&%egﬁééglggpv%ﬁ as 531%) %ﬁtgéaonists,
have cogditfontsrirgncitvg PotethviangvitcleetiriB chlwitnaieeifbodniST 6 féveptorgitanyouébtarget for
cognitive gANANGERAL: F 8L 5,2 Q0% Jé??ggeoﬁéaei%? SRR Seadmerppound |
reverses deficits in ED shift perfofmance mduceé y PCP in rats, whic indicates the prog-cognltlve
poterftial deflsetsonspaledmingdan0 e384 IBREIF DA(P009¢06GIOTeowith Furhbndinecptedaht
inventorsg}gy&{?mgi%ﬁy Compound | is therapeutically effective in low doses, such as in an amount
of 4 to 14 mg calculated as the free base. The compound of formula | is a putative antipsychotic
compoundiigrtk affikifiiedtr b hodupaminé Dl amd Biseseptods] Freckhizcaplxpéarimghtsdgmsitesusing
the conditign aYvoIdANCR I6SRENSE %é@r?%%%}&%@' eﬂ”&%@é@éﬂ@&%&iﬁ{ eaﬁrgn‘{i%’o‘%ﬁ%){ %?%‘f’ ihed in:
Hertel P, Olsen CK, Arra J. Repeated administration of the neurotensin analogue NT6e L induces
tolerancemssgnsipypnéissant effect on conditioned avoidance behaviour. Fur J Pharrnacol. 2002;
439(1-3):107-11) have indicated that the compound of foimula | possesses antipsychotic activity at
very low levels of D2 receptor occupancy. 10In a positron emission tomography (PET) study in healthy
subjects using 11C- SCH23390 and "C-raclopride as DI and D2 receptor tracers, it was found that the
compound of foimula | induces a D2 receptor occupancy of from 11 to 43% in the putamen when
increasing the dose from 2 to 10mg/day given daily for 18 days. Such level of D2 receptor occupancy
is low in comparison with that of currently used antipsychotic drugs, which in 15general requires a D2
receptor occupancy around or exceeding 50% to be therapeutically effective (Stone JM, Davis JM,
Lcucht S, Pilowsky LS. Cortical Dopamine D2/D3 Receptors Are a Common Site of Action for
Antipsychotic Drugs; An Original Patient Data Meta-analysis of the SPECT and PET In Vivo,
Schizophr Bull. 2008 Feb 26. [Epub in advance of print]). In the same PET study, it was found that the
compound of formula | induces a DI 20receptor occupancy increase from 32 to 69% in putamen when
increasing the dose from 2 to | Omg/day given daily for 18 days. Such high level of D1 occupancy is
not generally seen with current used antipsychotic drugs (Farde L, Nordstrom AL, Wicset FA. Pauli S.
Halldin C, Sedvall G. Positron emission tomographic analysis of central D1 and D2 dopamine receptor
occupancy in patients treated with classical neuroleptics and clozapine. Relation to 25extrapyramidal
side effects. Arch Gen Psychiatry. 1992; 49(7):538-44.). Thus, the compound of foimula | exhibits a
unique ratio of DI to D2 receptor occupancy at low daily doses. Based on the above, it is expected
that the compound of formula I have clinically significant therapeutic effects in patients with cognitive
impaitinent and/or sensory gating and/or schizophrenia, in particular cognitive impaittnent and/or
sensory gating in association 30 with schizophrenia at doses (from 2mg/day to 14mg/day, in particular
4mg/day to 14mg/day) that induce only a low level of D2 receptor occupancy. This might well be a
consequence of the high D1 receptor occupancy and the unique ratio of D1 versus D2 receptor
occupancy WO 2009/135495PCT/D1C2009/050107 7 displayed by the compound of formula I. A low
D2 receptor occupancy at therapeutically effective doses will be beneficial in terms of reduced
tendency to induce troublesome side effects mediated by D2 receptor blockade, including
extrapyramidal side effects and hyperpro tact inemia. 5The compound of formula 1 in a therapeutically
effective amount of from 2-14 mg, in particular 4-14 rng calculated as the free base is administered
orally, and may be presented in any form suitable for such administration, e.g. in the form of tablets,
capsules, powders, syrups or solutions. In one embodiment, a salt of the compound of formula | is
administered in the form of a solid pharmaceutical entity, suitably as a tablet or a capsule. 10Methods
for the preparation of solid pharmaceutical compositions or preparations are well known in the art.
Thus, tablets may be prepared by mixing the active ingredient with conventional adjuvants, fillers and
diluents and subsequently compressing the mixture in a suitable tabletting machine. Examples of
adjuvants, fillers and diluents comprise cornstarch, lactose, talcum, magnesium stcarate, gelatine,
gums, and the like. Typical fillers are selected



15 from lactose, mannitol, sorbitol, cellulose and microcrystalline cellulose. Any other adjuvant or
additive such as colourings, aroma, preservatives, etc, may also be used provided that they are
compatibleNtH ¥ Z¢t e ingredient.  Accordingly, the present inventidtCligiEaentasendain
pharmaceutical uses of trans-4- ((R,3S)-6-chloro-3-phenylindan-l-y1)-1,2,2-trimethylpiperazine
(Compound 1) or a 20pham aceutically acceptable salt thereof or a pharmaceutical composition
comprising said salt. The compound of formula% 1 (or Compound 1) as used throughout the present
descripti(%n IS intzgn](_iigd to d?%é%nate any.form of the compound, such as the free base,

‘aces e

pharmacelfically Bt Sie SAP tHBPe b &y M HRSE SURESH I B ctdirapcatdvaduitosn Bbalts,

such as slutinatcandimaenaig salis, hyanates afiselvaiesieh thadses baseebsalisdhergrf.as well as
anhydroues fgr%}%e%{noqr&hous forms, or crystalline forms. The compound of formula Ito be
comprised iR the coniposTion or e R8Nt invention also comprises salts thereof, typically,

pharmacgitically. dEffeptableGalipotach salts iacliidephaimrravticahaceapiahlasgid-asdition salts.
Acidéaddi&igncﬁglts incHde salts of 30inor aéfic acids as well as organic acids, Representative.
examples of sUitabls Inorgant W JLSRGG AP ERIBFEY VLI BFSAIRE G drsio dit cPRediReRic,
sulfuric, sdlfaerpessaittimaeidi®and the like. Representative examples of suitable organic acids include
formic, agetic, WQ.2009/135495PCT/111(2009/050107 8 trichlorpacctic, trifluoroacetic, propionic,
benzoic, %?ﬁlﬁ%en\ﬁ/&f?t\rxfc%F n%rrr}icc,’fg:j 980%1@, RS RBE STt aﬁ%@uﬁ%ﬁﬁ% HRIER aathREosRstonic,
mandelicc@xatis, picric, pyruvic, succinic, methane sulfonic, ethanesulfonic, tartaric, ascorbic.
pamoic, bisrnethytene salicylic, ethanedisulfonic, gluconic, citraconic, aspartic, stearic, palmitic, EDTA,
glycolic, p- 5aminobenzoic, glutamic, benzenesulfonic, p-toluencsulfonic acids, theophylline acetic
acid$, asinEl A HD S RAGRESPHYNAGE, Tafe1anpis Broremotheophylline and the like. Further,

the compound é%%ﬁ%éﬂa | may exist in unsolvated form, as well as in, solvated forms with

pharmaceutically accepteéﬁ'i)leco Véhts BUEH S WSy, TRENEMEnd IR IRE N §RRBIETCsSlFhsdd forms
are considgystive eséguivateatdothndddtupted forms foritheciOpurposes ehthis innampion. ¢n alfurther
embodiment of é@gﬁggrgg%%istsi%p, (t}rrwesu%%r,] or the. method.of treatment, Lge 1c(ompqsiti_on further
comprises POVIdoRe or copovidoner Sl A% RIS ABNVA BASL S Hidet e b mdisFascty pically
present in a coricemtratiompmigaofi fraru@ed @%c(liw)instain A, 2-Ade #ifa%6r 6Bt B 1RMaRr3%,

4-8%, 4-10%, ar 6-10%.{w/w). 15In a further aspect the present inyention alsq relates to a
phaggmacgé%éocg%c%ﬁi’pglsfl%%ﬁ%gmvg}%i%tlgfcfﬁg)%“o?rﬁ%%hn %%fgﬂj%fg‘ I)eﬁﬁ%‘td‘é‘?/%’dﬁg%’r Eslatitione as
binder. Tgeigalys thedbiteder istitollidofe MABA. impeepartiauidsentbodioient: theraid phaxinareutical
composition is for the treatment of cognitive impairment or schizophrepia, particularly for the treatment
of cognit%%e?:%%%lzrér?e}%lﬂ%g%o&gﬁ"ong%l lré%higgéﬁ?etﬁial.nzdm% CRBBRNTSRE O HiRYE €resent in
a concentradomean gg afrfrolen?-40%4n@y/wiotypicalbyyin diffonutentiatioprange; ofiisophi2-4%6/&-6%,

6-8%, or:8-10%: (wiw). Whenthe binder,is povidone or,copovidone typical idlers aye selected from
calcium ﬁ%ﬁ?’%é?é{}l\é’pﬁ( 5 f%'%ﬁn o BeEion d@éeﬁfiﬂ@%@%‘n ity Eﬁ}gté%%%&lﬁﬂe, and

' _ osphate actc%e, mannlfiol, SoriSite
pret8rabliiiaietdse imafimitdbnserbitolgiktheosecabal riicroery statine eabinjosessucieamlagtose, in an
95emboq|@ﬁ he filler, spch as anyone of the above, is in a concentration, range qf from 15- 50%
(Wiw). Typlcaﬁi},}’tr%é%ﬁ;;r?gug 7as anyone o {ra%‘%%‘s“éi"%aﬁ%u SPES ], BENRISEe %iﬁl‘é‘?ﬁicr%’érystalline
cellulosesiscptiacdmssivmationlitangersf frosants-26 e6{c20:503uBOFSHe (Wéainds useddisnein, the
phrases jeognitive deficit(s)’, ‘cagnitive impairment(s)”,.and, 30 "cognitive dysfunction(s)" ae intended
to indicate the same and a}r(ra ﬁse '%&%%%%Se%ﬁ@.%g%ﬁc t%%%]%n&nﬁ% 5"‘?% eﬁ?{%cfhveé iZFfe &rence or
disruptioticstoprt of srohelsogitive processes, cognitive functions and/or cognitive domains, in sonic

insgances; 009r&%&%ﬂ%’d%%@ﬁé,l?Eé%éﬁ%ﬁ%%%%?c%’z%’ﬁgl%as such as memory, attention, and

executive function, are a major determinant and predictor of jong-term disability in

schizophrenia. Unfortunately, presently available antipsychotic medications are relatively
meflective in improving cognition.

Schizophrenia is characterized by three broad types of symptom groups, namely,

30 positive symptoms (e.g., hallucinations), negative symptoms (e.g., affective blunting and

social withdrawal}, and impairments in information processing and cognitive functions {such

as, e.g., executive functioning, attention and memory). Executive functioning incorporates



9 deficit(s)", "cognitive impairment(s)", and "cognitive dysfunction(s)" are related to andJor are
associated with one or more functional impairments that often result in poor social/community
adaptation"¥Rd WIS ability. In another aspect, the invention relate®GHREHEHER SF improving
cognitive 5 functioning, comprising administering an effective amount of Compound | or a
pharmaceutically acceptable salt thereof to a patient in need thereof. In the present context, the
terms "improves", "improving", and the like, mean to make better; to enhance. In some instances, the
term refers to an enhancement of cognitive performance as ed on a consensus hattery as an
endpomt G N T M S i B B A e oo e AR R
composechofideud! wetghthrg dirthdnsaverhitdmain agires; apaiprim ey e ndpoitddn ditgasliiszg
improvedccoog%rﬂilt\if\ée dunctioning)..  The invention %Ilsrgerglates tcg.a.method of ttreating co niIti e
dysfunction,”comprising adlrhinlsltzerpng an effectivé amount 8?%%%80%%1 Tora pﬁ%\%%g ufit ly
acceptabiehsabptirenaot (014 athéert ingnéde:thepenfndiGliy ihies@resent wantepditiestprimsidtieatment”,
“"treating”, and the like, mean the management. and care of a patient for the,purpose of combating a
e g e e N A G R R R
intended botimotundeotheifull speetrorenofdndatmentsHoy afigivendiscasd, disardestos condiion as
described fersin SO st ne Patent i sufeing. suh, a8 administiation of the active compound to
20 allevidte or rélieve a symptom(s’) or complica |on%rsT% e d%sease, iSorder or condition, to delay
the progression Bfeh&l4EBH#SE, Oidordecoeconditicheaswell Rsstapheventtipeodiséasmidisotder or
condiionsietelR-RIgVERtian 2 19 RE.UIGR Saelas e URnadement and cRie ol e ailept for e
purpose or conmbatingthe disease, condition, or disordér an Ncludies the adminrstration of the active

comPoundrty grayverii (héibmsit bothdsyetustamdsholU@Bcddbtlic &tiod (shd TheteAnisiisadient”,

"treating” an th(;\i Iikce} ,L% mean fo.cure or elinainate the di§ease folisord r or condition. {\Ionetheless,
il GG L SArINg G Y X '
prophylactic ?pgreventlvé%la%d the%sgrﬂ%l%s (crﬁ%ﬁvle tréatments are tw%ogrébgr%teﬁ%%ectesngf e

inventionschipplatiert todbbavetted igighighbedbmbaimaled wod asaddytran deinfedscusedtigeain, the
phrase " tye arpount” .when. jed to.a compound of the,, 30.invention, .is.intended to denote an
Bmaunt ST e L B e SR o
when applied nagdhrpornsboinhendvenidrrissiitenge d tobde hoteiap, anvosinteafithe cepapbufid that is
suffigien ior lligte .2009/1 35 T, / 710 stabilize, reverse, slow or
e e Sl S e i
disorder 8ympiditiodt. schidpphristacrnashect liettdviention seldte stgaOvenpourghitor aphpienaceutically
accepta | of § | thod e present.in iQn, wherein th thod is f
5improv?r%%%%rﬁ%%§ fu&r%gg%%gg%égﬁﬁgg ggg’%ﬁ’f?o?? Iir{}]{l?a\%\lﬁc%rrll]%E |ér%| g%%tiﬁl?‘é%ﬁeﬁﬁlggfrg}%% ggéognitive
dysfunctiegnitivérimpaiiesaspbetrafiadntention a ctatestd thalesd af Bowrmpbarmpicsta@improve
pharmac%ig@é%@&gg%ﬁm%ﬁﬁl%@g&&%&g{,ﬁlﬁ&{ﬁggﬁ%ﬁg of a medicament for improving cognitive

functioning, such as and without limitation, in a patient that has (i.e., suffers from) 10 a cognitive
dystlinction. Thésverstion dlsenteratbsvio the deendf B miposd({ 67, aptfadiatedtivathyyiiodeptable salt
thereof far j . ' I ing.cqQaniti ctian. : he inyention further
provides Eo B o D e e e e
dysfunctioh knanglseusislsaisbitetifeone gnd igrogphaBgnsistisgtis sehitoplaenimuadisease gnvolving
psychoti ( jzophrenifarm. disarder.:schi ve.disqr [ is brief
ey Choti e, S P AR fecuve
disorder (stHiage o, Wés*@mﬁ@tﬂb@fwﬁ%drﬂ@r i mapiss Pavkindoncgdiseds e R)didelise
'nva'é/mgcaséiﬁmgeﬁyrz@ém&g,%ﬂr@%ﬂam&*ﬂgﬁ&Efe),'gsa@e@asganei@féf,@{ég%ﬁ?oﬂtﬁpf%%fémﬁ as, e.g.,

cocaine 20abuse, nicotine abuse, and alcohol abuse). The invention further provides a method of

treating dodRiive ifpalfinelfiseutiiitéaditiediigophien{(VCIAB) otothprieiepatminibtening a
therapeufically,eifactive amanalafiranssd ApLLifdk Sl 30068y indan-Joryd i kg tim ethylpi

perazine or a pharmaceutically acceptable salt thereof to a patient in need thereof. 25The invention

further préiffdiaipapRamitetdy dohippstiorecompiisiny a prerapsanial igoatrsetieodirotmtof
Compoupgd.L@ha RiRlPacerticaly.ageepieRirRalitereat andia pharmasaHticaly.accentapa

adjuvant, filler, diluent, additive, or combination thereof, for a use as described herein. In ohe

embRdinfSAFSPREIvestRS; ke pratimatcutiedl) acedbtabibsirasia 3phsnermitiasaltBFBmalonate
salt. In opgemBedimeniuiheRisimacsstically accepiable sall-ixip thepform, of AgLysialingdydrogen

succinate salt of Compound | or a crystalline hydrogen malonate salt of Compound |, e.g., crystal form
alpha of {REMFRHRFEHSJQdBIHGR BEITEPI\ARIPYDEITRsAOSPC VAL E POGOrEBn e At iCepRpsafhd | or

. crystal form alpha of the hydrogen malonate salt of Compound I. The succinate salt and malonate salt
of Compound | and their preparations are described in WO 2005/016900. In one embodiment of the
present invention, Corn. .pound 1 or pharmaceutically 5 acceptable salt thereof is in a purified form.
The te, in "purified fonn" is intended to indicate that Compound | or salt thereof is essentially free of
other compounds or other forms of the compound (such as polymorphic forms), as the case may be.



In one embodiment, the patient of the invention is suffering from a cognitive dysfunction. In one
embodiment of the invention, the patient is not suffering from a 10 cognitive dysfunction. In one
embodimef© #8%EERY of the invention is a first-episode schizophrenia FHtEREH8E%Mbodiment,
the patient of the invention has been diagnosed with a cognitive impairment for which the patient is
being treated. In one embodiment, the cognitivse dysfunction of the invention is in connection with a
disease. In one such embodiment, the disease is Selected from the group consisting of a 15 disease
involving a chatic symptom (such as, e.g., schizophrenia), schizophreniform disorder, .
schizoaﬁlé’cg%) diéhol:%(t:le)ée§ USional %@rder,uﬁﬁelfn %%éﬁl&is[ |so:%1esr, Pared pgygﬁgﬁ%o(l:ﬁ@écraer,
substancedngutsibpsyehatiodiisarder cédaffettiveedisorder ¢stichtas) edicdepiassiod, ibifotar
disorder anicsi0 ggé%lzoP%%r_lgggongeggease, a disease involving a sleep disturbance,

neurolepﬁ%-in uced par InSoRisNT, and an abuse disorder (such as, e.g., cocaine 20abuse, nicotine
abuse, and alcahatiahuge) presein onverembabdimentpthepiethed oftherinverdtiqid GSipistbro-
administering an, effective nt of ound.| or a pharmaceutically acceptable salt thereof to a
el R A S T SR RSt ey it
acceptablep2brsait theheefiisruse dfombdeatiniglcagmitivei chisfignatipntiniconhectiop prithaschizophrenia.
In one er{}ggg(i)me% I{H%gogrgjti\ﬁexg%sfilé%cggr% is, CIAS. In one embodiment, the use reduces a
cognitive symp%%w Ina sc%lﬁ)'b ranic patient.Lfl ‘one embodiment, the patient has at least one
cognitive symptdimef ehizopildnidings orfetlendbodinmenstiteipsdicset shgitvg msmaork tbognititle
symptoms, of schizophrenia, As used herein, the phrase ’cognitive symptom(s)”, 30.refers tg.the
Rl oo ke st B RO SR IR R
schifophtehizisaibelgihersimectheviegrs ¢rederceshirethcimgpandsthe like, refers to a lessening or
diminishing, suc 6.0, in seveyity, gftect, and presence...\MO 2009/ 95PCT/01(2009/050107
P e e e e e S
associatasl switkciedise ascuasdesctisetdcharein, & gsisohizrophrenim unthensompuises wiherkeirs the
COQ”'“V%%HE_’%@%W I3 panitesied As,2 degling,n. %ta'egéé Aqe fﬁ’&’fé{-"rt‘?é.dg{“ﬁ”‘%sﬁl%t d.from the
group consisting of working memory, attention, verbal Iearn%g and mémory, problem ) ving (e.g.,
executive3fditiioy pspEe dNof progessingahtPsdidial Bogmitiogating ihagpiudtertenvodinienbeiithe
invention cognitiv fyncti (ike.,.cognitive i gnitiye dysfungti )) to be
tregtged inac(%ﬁ%é% agé] e%?%(eglyﬁr% zla{ %o%%%@é f nlétigr?l %Pré\é%’gﬁ%%%lgﬁgﬁ?i%.%ﬁgnséﬁegct%%@g&r% tSe group
consistingrefentadkirioer GsnaerrprynsattButiovhamdtvig llelheecddrbal deamihgliamduneosoryftoisitlag learning
and memauy,2aspNifg A0 RrOBIAM, RAMING (6o SGLINe HNCAIRN) SREEH AL REOGESSI0G, FoCial
cognition, and a combination thereof, such as attentional performance in combination with visual
learning amdrstiembityorAEdicdpytitineadefioitss cognitiveutnrpairamers hogl tHeolike, drdspdtrtfcalibedeficits
n attentiop, fisQiinized (0kdng, Sl dage Afienly iy 10 HdeSIANAIngRqn conFRREation,
impailment of problem solvirig,”poor memory, deficits in planning, organization, deficits in mental
flexdbility peedivitedinltask doordinabidnctifficuldes’imerpresgingaprighmcdifisl deitivmted iding
thoughs yisiinas sadbanaveu. Hlulin.o arion f arslevagidoayats, of @ combination
thereof. fé%y’nthes?ls OTQCompour?(?xljl,‘inc U((j;i?]g @é%inﬁ?o%lé) - Com our%{ﬁQn"cl‘uding.the succinate
and malonate saftertioersofhmpipisaipreparet heveutiretinely Grobs@163@MItion (o Esuiestood that
when spegifind USRS SomEArC foumdhe sigieaisemerds e BAIN SalkenLCL e gampound.
For example, when speqlfylnﬁ an enantiomeric form o 2_5the compound, the'’compound has an
enantiomisiiecdxdez pizine dvaritio et formiispasifiganistic piiew présdns imgeption, wdvighas a
phafinaceyligabrsgisd inanderstend ahnlien sheeling s AR BIRIE/HRE s Famagund

trans-4-(6-chloro-3-phenylindan-l-y0- 1,2,2-trimethylpiperazine, as done in formula (1), the compound is

relatively Gtepsp climically pure Feanmiselebpiatiomdricsexdetss dsoarf agnedstiablotiid0yoskaviaast about
80%, at Igast Ao R0IR70s At 1eag]Aaul A6, R Ableast %Q%Eﬁsé’@’éﬂ’ﬁ%emfa%&ﬁ%mpﬁw@”

“cnantiomeric excess if at least agout 80%" means that the ratio of Compound Ito its enantiomer is
90:10 in ¥ReebivpeuhenmBaeIatEl ¢Mitehan Bhe Neapudimént, thel tifasterpbrivedcexeb sy it

Compoung, WG, 2R ARG DH2009/0p6307 280k (119 U cisiirang Lalighs aklgaghgbout

90Wo, at least about 95%, at least about 97%, or at least about 98%, where, for example, 90%

diasféredniericoerdebs eritiaps tedicite Fatiolofbdmpaipiaprge induced by PCP in rafs, which
cis-4-((13,388:qRlopps :pRaNVH Hiyldthi athipeiylpiperazine is 95:5. 5The enantiomeric
excess of Compound | may, e.g., be determined as described in WO 2005/016900, which briefly is by
fused silica capillary electrophoresis (CE) using the following conditions: Capillar: 50pm ID X 64.5 cm
L, run buffer: 1.25mM [3 cyclo dextrin in 25mM sodium dihydrogen phosphate, pH 1.5, voltage: 16kV,
temperature- 22 C, injection: 50mbar for 5 seconds, detection: column diode array detection 192nm,
sample concentration: 10 5001g/ml. In this system, Compound | has a retention time of approximately
33 mm, and the other cnantiomer has a retention time of approximately 35 mm. The diastereomeric

excess of Compound | may, e.g., be determined as described in Beiges et al., J. Med. Chem. 1995,
29 A29N-4202 (nane A222 riaht coliimn) In the nrecent invventinn ntharmacatiticallyy accentahle



Compound | or a salt thereof may be administered in any suitable way, e.g., orally, 20 buccal,
sublingual or parenterally, and the salt may be presented in any suitable form for such administration,
e.g., in theiéiAl&¥ 1abits, capsules, powders, syrups or solutions or dispdYSTEREI8FIGEEHON. In one
embodiment, a salt of the invention is administered in the Ruin of a solid pharmaceutical entity,
suitably as a tablet or a capsule. Methods for the preparation of solid phaimaceutical preparations are
well known in 25 the art. Tablets may thus be prepared by mixing the active ingredient with ordinary
adjuvants, fillers_and dilyents and subsequently compressing the mixture in a convenient. tabletting
machine. Nom G el BREIe by ARV EnEE TR G SPRS UBh g EORRATIN TAHO%8, taloum,
magnesitmisiedsate, gelating laciasengoms and the dikeulAmy othkes aditvant or additive, such as
colourings, aroma, preservatives, etc., may also be used provided that 30they arc compatible with the
active ingrediente® CEBRRHBIEFolHE: ﬁéngtﬁﬂgepar%‘b%sr%%’lﬁg}cdigggwmbgﬁ%@l%ﬁwg ﬁ‘if/ention and
possible aaditivgaditisa: Prrtel he salveotdoPiajaation cspehrastietilamwateig ajusiiigihe solution to

WO 2009/135495PCT/D1 50107 14 desired volume, sterilisation of the solution and filling in
it AT ARy A LTS B DR SHEy i Tho GRS U LHSH o s
tonicity agesus ([KesendtiRep-antexidanisraalubilisiec agentssiatendibgued iy @isenoiézompound 1
calculated as the free base, is suitably between about 2 5.and about.55 mg, etween,about 3 and
hout 55 TR 1A 31 A SR RO LA AT g 2 o ETEAT R ent s
describe @ bEriBOCOBPiBTAYl adiavinisiEtingChan potioshippradpbbirnactulipallyeaeseptable salt thereof

to a patient in need thereaf; wherein the daily d of Compound | calculated as the free base, is
auseﬁou.au r!) X%%%trp
between About 2 and a gﬁt{y hiytc Orvf)(]e' weeh ﬁ?cﬁpaﬁdoé:ﬁ%%rgg'mg. 10In some embodiments of
the dbmpositionjusgositme thadsafitreatonyentith¢ Ao unidefiCompbyrdijccalaylatetllds the free base,
is betwe d 14mg. In. furt enabB iments of the composition, use, or method of
treatmenegtgg%%%mgguan]dofTﬁgéa%%)%rb%eu%sg%[f (lt)lrmu?areff)cpst F(){ﬁ%cﬁgi’zltrr\% 5 Oundlﬁﬁﬁl tfh ?hceormé’rﬁ%%%diments
of the comipiasitiolz, Useporsmdiiadeopteeatrognincthefdmount 1563 théncbmpaundoiiormula (1) is from
5-14 mg.. In further emhodi tg of the compositian, use, o0 rrn(e?o f treaiment, the amount of
the compBaR DR ol L o B e R 0P s e Bt SR
compositiaeppsesorns fstho dohpreaiment: thieaot cunt:oflfhies od mpipenchofitodnagka ¢Hhickfiam 6-8 mg,
suchaas 7, g, 201n yrherembadiments,ofihe compesition use, ameihod glreaimen, the amount
of the co poundro onngla IS: i<om 8- 1 mﬁ. h further em%ogir%en S ofth compgsition, use, or
ethod of tr&atmrentsthrecaiolntvef Ive tontpoGnBibfdekmiud (oisifed DdRuhzeng2/D3 Recépttusther
embodimgnts of the compositign, .use, or, method of treat ent the amount 250f the ¢ ound of
formula ( r?safrO%}}ﬁ]fﬂrgﬁrﬁgf gﬁ% as M\ %&sycql?ﬁi?lﬁfﬁ‘g?’e% (g? i 13%1{2%}?%1;}52%’?%%%0”’ use, or
method ofmrbaimentctiBEToumt BE The compdiadzop foiBiula J00K Fobrd &{Epu. in adivafigethér

(1 is o D e B B S BT B RSP e amount
of tBé comspertod aicfquitds Byisakoiod: BE mgyBuch pstd@amghil @608 p3B4IeRCTom 2 to
amount of BE s e B T RS e e R 5 e o tne
method ofiteatirrent thahaepdodwindicage dfandy & Of frolstrdel Amgysesch 38, £mg, S hgljdomg, 7 mg,
2022 ’ig gﬁg{a}ﬂm ! PR oMb IO AT % 23 FRNDRESS- ANy GRS gmbodiment the
receptor occupancy in patients treated with classical neuroleptics and clozapine. Relation to
25 extrapyramidal side effects. Arch Gen Psychiatry. 1992; 49(7):538-44.). Thus, the compound
of formula T exhibits a unique ratio of D1 to D2 receptor occupancy at low daily doses.
Based on the above, it is expected that the compound of formula I have clinically
significant therapeutic effects in patients with cognitive impairment and/or sensory gating
and/or schizophrenia, in particular cognitive impairment and/or sensory gating in association
30 with schizophrenia at doses (from 2mg/day to 14mg/day, in particular 4mg/day to 14mg/day)
that induce only a low level of D2 receptor occupancy. This might well be a consequence of

the high D1 receptor occupancy and the unique ratio of D1 versus D2 receptor occupancy



7 mg or 10 mg. In a particular embodiment the dose is as low as 2 or 3 mg of Compound | on a daily
basis. The invention will be illustrated in the following non-limiting examples. 10 EXAMPLES Example
1Rat dised¥€ AIBY&FFt5schizophrenia with cognitive deficits, executive fuRETEREPAHERHE Utive
functioning includes processes such as planning, organization, mental flexibility and task coordination
and is considered to be the domain in which schizgphrenia patients have the most difficulties. The
attentional set- shifting paradigm is an animal modeél which allows assessment of executive functioning

via intra- D) versu di (EDR) shift discrimination learnin

sonizop R AL S ThOUETS0 i BRI BhEREyn e (A iiistration plus
washout &t isdappliedl Bh%ammmmmshawﬁeawmmpﬁwsm induce the
that tho HEUR PR AEL I S A CTAdaR ey e iore CHOALV S e aitve functionng
deficits obgasnediirfinstrépisode schizophrenia patients. 25Accordingly, the cognitive enhancing

prop rties of a cgmpound ca investigate testing whe the com dis t nuatlng the
Fetotionat pertolR AR RN Ao e ML e ST BLBR e
Methodobzgyctttavwa aasgssmantedfaﬁﬂmmmbﬁﬁetsahﬁtmwfomiﬂypmd/mswm drstededdrdescribed

y Rodefer et al. euro ci.,21:1070-1076 (20 and 0 ase on a modified version of
the task aeglénedgﬁflt wreﬁr&? ?loa\i\(/iﬁn@lsﬁ%t}]mflc?@%% 4? ?}%ﬁoﬁqﬁn ﬁyp‘m/ae ?_ong Evans
rats (Har@mﬁa@mﬁpﬂhm I tmeiginiv[gmp@mm Rt elyt2S0cgnabting bé ginming bisthdnstuidieiedfour

groups (n oup were V\ég)ezgga 49?11'?1 /018(200}?1/(%59%007 1S§ﬂtésed After habituating to
the colony enwron ATetelVeda senied s guabc%ronlc m;ecfagns of PCP (5 mg/kg, i.p.) or

salin@ twice da|Mmhﬂddagstﬁaﬂmmchbwaoﬂ/ashdqmpﬁnmmﬁd@ daypsdsgions begmpangiths sst-shifting
procedure n&\ﬁ/hlch anlrpwls were re U'Df% to dﬁ? in a pot ot to I trlr%\l/e. af oedarc Wgr% hatl‘e%fia Hﬁ)ney Nut
Cheeno(?ﬁ éneral 5af\/llnnea’p é)i |n e| élgéln medlum rscented odor as
the dimensioralicuel Kdt]a\taaﬁtscﬁam‘semw&laeﬁtem@rﬂas(b)sb@wﬁﬂ@ x@Bexsdizciin) witkhan opaque
barrier se;l)la%r%tmga e(ﬁlthlrd ogltltte tié)x fro tt(t)? rest (a gn%{i%%lgm 9 @%% 1; tCh§ b%) Comq ach trial,
the two dsgglng pots ace a ace "o each other'in large section 0 the b6X while the rat
waited |nlhlu&szm&tlcsemtlmagiﬁdmuratmasa@vgeiamwmstm&mqabt@ bywairsing flees dividelgomekich was
the S|out Paclf ga/vn on(%&z1 Itl e trlal %a%be un, SHab ualtglqgcwast?a %g%rc Sf% Eg‘é)r %ever(?l dags befpre
testlng a pcl)lt ed With wood ing Used in the Ta home cages and Aited with Several
Cheenos@r)adé&xptaneﬂh meatclrurat@ cagmatgremenstonesheim toaseslivireg:fed previded shixbtiethe pots.
Next, rats weregl@ a%ct()alg w{%l%l%egct bv%x dale)é for several days and given access to two pots filled with
wood chip 15 |ng and baite t]tltl%revera[ Cheerios(r). The cups were replenished with bait
continuously untidtedatslyvehe gigging reliabignodetrieve thadoophremwacdsti @i tireent rofakid-period,
rats were n{wo s Ie di jscrimi roble S) 1o a criterion copsecutive correct
trials: a p }%gﬁﬁlﬁvo yfng%n enésmnﬁ] f! ?cljoar’%% o é%) Ir%zs%ecn@&l%@f?\éaﬁ dlsglmlrltilatlon
probtémsq@ggmgut\xa@ld’emmta&la vatfotiotrscdi splacamsnta@mh@lj@gm@s@me@mmsma&lée the
reward wa, tburied deeply (about 2.5 cm) within the pot. The rats therefore could investigate the
digging medium with paws or snout before executing a "dig" response, and these choices were not
scored. Becaus&hhewatﬁqwed@éﬂ@wadhtb(salﬁpt‘atttwléli@gﬂiﬂgﬂ@tbtﬂi@hgbmtthmtdigging they
could hay, ile ar r ) hoices based on
this dlme%%ssl%i%%ﬁ% ar%% dDS ?égé E’?gl rrgr‘?o%l?r(tet}Il %f°§£&ﬁderedq§$§é€}§§? Q&% CE:scourage the rat
from tryingronismsichieyidamaldovsaits thcotdure alqﬁ@rmh@pmpkbiﬁemmlpr@lm iy grhase was to
'”t é':ﬁ%&;%@ S gizermination Jear £L : &ﬁ%‘é%r BRdhs, P’ttfa@f)e%%%% “%'%é’%@“ dimensions

of odor an e total time spentint aining p ase varied (approximately 5-7 training
days, on teeragey d@ﬂe&@n@y@mﬁ@\ﬁbqnmm@@bhiaﬁmmmeammﬁir@l@my@g vigorously in 30order
to find the food rguargs, Jhi5 BrcadHIe VAR IRYsIORE 1 AIUELIRENTUIEAAL Y agials would
reliably dig in a robust a d consistent mannert ould enable e rat to
2009/135498ROTANC 20001080 3ais IZccorhplatisahe. ehtraaasktinebra cegptsbsiolis 19l shts test
Sesston taRKlaGE. ARRLOXINAl sl b T APARKS HAVIG.CRRIGHAN UG Qe fosing it
PCP. ay of testing, a dose of frans-4-((1R,35)-6- c loro-3- phenytln an- | -yl)-1,2,2-
trimethy|phoeganineqit s oredl Bmggkgicsieiio R atiasks t(@%ea@@prgplmugﬁ scﬁh?&maqngpmpwlcs
beta-cyclpdeEm WasAdINSERI AN (a0 30 LbalREmING RSt ocsHan: T haistdaur trials of
each discrimination constituted a discovery period in which the rat was ‘allowed to dig in both pots
regardlesidthgHére Reprasdiistive gampldig! Anitbbr avaante coidretr¢iupe lemfitsiageiscin the unbaited
pot. After the first four trials were completed and the rat dug first in the unbaited pot, the rat was
returned to the small section of the box and was not pemiitted to 10 find the food reward in the other
pot. Testing continued until the rat reached a criterion of six consecutive correct trials. In a single
test session rats performed a series of discriminations paralleling the procedure used previously

(Birrell & Brown]. Neurosci. 20:4320-4324 (2000); Rodcfer et al. Neuropsychophartnacol.
22-29AR7_2GRA (2002 Initiallhy 2 eimbnle dicecriminatinn (SD)



15 between either two odors or two digging media was presented, followed by a compound
discrimination (CD) with the same positive stimulus as the initial SD. In the CD a new dimension was
introducedM$tA484E5438t a reliable predictor of the location of the food reRERIPKREITBRGblem was
then reversed (Rev 1), so that what was formerly the unreinforced stimulus was changed to be the
reinforced stimulus, with the irrelevant 20 dimensipn not predictive of the reward location. An
intra-dimensional shift (IDS) discrimination problem was then presented; the IDS problem was a
compound. discrimination in which the specific stimuli within bath relevant and irrelevant dimensions
were chalhg E‘{fsﬁ?ﬁiﬁ% i Cftn AL GBI HeniHmEdYseife. The IDS
problem wasthenxeuersechiRavllse, halehaianasdarmehibeiunccniarces sienplaw@s changed
25 to be thF rﬁinforced stimullés and with the irrelevg(fnt_dimensjon still not predictive of the location of
the reward THEh THEHALS (TSHRABF ML HRIG R AT L QPSR S oFReshife REBEY pREBISHNIFHhich the
formerly iukigvantdismedsiarhacamnediie, wiexaniQnepanitheangipahirrievpitdimensiendio longer
heldfpredictive value. Figallé\ﬁ.th EDS pr?,[blem was reversed (Rcv3) such that what was foillierty the
unreinfordBPSHAEIS VFRE RSN SE B BERB SavRHSTESH MATESS: thasrby R ArSHEC #3Sed on
previous sata:|Rededet-rilathobly Neewopsyehaphainacaithbidlylide(@R06) Raedefer et al. Eur. J.
Neurosci. 21:10£0-1076,(2005)), it was WO 2009/135495PCT/DI:2009/050107 18 hypothesized that
subchronic PC 31&1%%%?&?&13}\%13#&’ igf@@ﬁ\f&él&fﬂ%g’l‘?%ﬁglﬁgkvﬁ@g SPrarEe™ $hs Mirst examined
was set-shiftitedferfoi mithgehftrialsctoicatierioodohthesdistteated withsethehiranic AEheotigaline using
an analysis of variance (ANOVA) with 2 between-subjects factors (discrimination problem, drug
pretreatr?]%ﬁt ngﬁ%’tﬁoevpa%%lgfﬁmx 8?%5%‘%?%@?55%’ ‘iéB %%%PC‘BW@E@B SENJe S lyses were
subHequentiyossed! thikestwraamdifferences. Description of Results. Effect of subchronic PCP
treatment.Subc‘rrlon_' PCP-tr%a'gnent pr t(ﬁluced a si{anific%nt main effect for i%gimination roblem (F
(6, 132)-22.06, p<6.%]ﬂ Suthot “Eﬁ‘%féﬁ G SPPROSTH A BE 151 pPL R IS IERaBRTE: (1 132)- 2.92,
p>0.05). Jirepintéiactior!be tweemprefredtioenbcongtittdvanc aiscrinrinitipn proiemwas significant (F
(6, 132)=4.0 0.01). Banfcrroni post hoc analyses revealed a sigpjficant difference between PCP
and salind et %qﬁll])rlﬁlg Sor }Fr?lltlﬁé:’ Tr" PG ?Bt?%té%rgﬂg&r%%mﬁé?@gs&{ riffirtation
problem &=4153;9<002 Yo sheé (Fig 2137 HeBeowverehg sugdestiagnsvef PCP-induced 15 impainnent on
trials. to criterion on any of the other discrimination problem (all ps>0.05). Thus, these data supported
ourllilsypothesisr:[ﬁlaaf gﬁé};ﬁ%ﬁ |%%£§’P§%gem o eReRa RS %\feﬁﬁ HFEDS PREPPEH mance.

ministration would seléc
Effects ot @umpmgnitid.cextested varethd effette ofiGempeupdvidiaseobireersingdhigy the

PCP-indyced defigit,in,.ED tion (see.immediately above). These analyses revealed.a 20
significafbﬁ?#g{ﬁsekgggf%%nﬁéé}égn%‘n%]t% apl)gr%% eny %?é},lrﬁgg)t-g%é%%%%i YWiEh e SPedBound |
dose (F (2,/498)=028npri0 ) ckitive tapatheraiva s csigptfieant iatekadiion fetveessGasmpefind |
dose and_ discrimination proplem (E(12.198) = 2.07, p<0.05). Bonferroni post hoc comparisons
revealeddcsﬁI ngl E%Itng?f}fg%ﬁgie%a(ségééggl ghnsﬁl%éb 1< ifination performance between the
PCBlvehicle grduprasaiatimite grobpdeeatedanith 125 tbamgikigrGampamtbh(23109; p<0.05) and
the group treated with 2.5 mg/kg Compound (t=3.80, p<Q),01). videnc s, found that either dose
of Comp@‘ﬁ/r?v ﬁ%ﬁ)ﬁ(g}ggénbaé#g{/%)r%gaﬁig Gitrer ¢ |skc':?lllr#%ﬁ?%i?Jﬁ2 b%ﬁe'%és(gf%\ggﬁfggf‘%h%%ompound
| significahtipiatternyated dhecRC Pomduded: dgficitlifil EBSteachingdirass:dothnlagdsgxamined. Effects

of drug o g (o} let tale.OgA rentl mpound_|.produced.a delay,in 30 task completion. A
one-wayl%\lN VA (%&%% =T ’,%%%E.%Jq’)%ee&/%g Sd ell]tl{%éjgg |tr2rl1e1%€’i 8@%%353% r%rg%wrﬁ'éfant. Rats
that recelseies2, Snmyikglof @bivposhdldseMas B3R trsySBHDS) dbolo @n averagesignifieantly longer to
com lete 6t é}l@ﬁ r-task than did the WQ,2009/135495PCT/DIC _009/05910” .19 rats that
receigvedel. g mg‘75 g o?%z)%r%b%h%da i ngﬁgfﬁ% BT is {25_@5‘}%@2‘8 of %%Pc{eﬁl r%‘aiges'd rats
(M=1.18 Hi'% SD=0. I5picalig6thp<tion xukats thaoreceilectds@ Smnglkgl Gorbfiourdildidaatdiffer
significantly. from vahicle rats (t=1.97, p>0.05), Observati 53Ugg t t Campound |
treated rats pe}%’r me(§ |%é{§ll?g)s%t§ (1)% 1?ilcgtii\(}|{%ny'cv°v1?t a‘@“‘ﬁé’u%é%ﬁ?%%ﬁz tesﬁn%ap?gr%tﬁor% despite
significaftyvattenuating the PCP-induced deficit, selected doses of drug also produced increased
session duratiogx.‘ Ygg &hﬁ 1%" Clpa imes.did not impact overall accuracy in EDS or other task
phases. Morepyesr, aﬁhima?s_ \%\%?ih $o:§§rat%égst ggggllgr‘{ ep?ﬁ?ﬁé@é\’/e %()e%lﬁtgﬁser\?ea%reg\?{s uSIja/nv%/ith aged
aniffals, wibnaiim dies e therd 98 cuiv éolde divh o tiatiimp bt damotend oor dinatidn camed fotighvisng
administratiqn gf {0RPark, lacJo.gical compounds. . In contrast.to clozapine, risperidone and
haloperidol, which hav?béen.sﬁown to be inef ectTégT'n(?evg?gfﬁégp‘ %-é’i@?u‘b&eﬁ%ﬁe‘ﬁ%ﬁ%dfw
performdliegikien igenigeutely {see g/ yRodefaret dhr(@068))n some instances, “cognitive
trans-4-((JR,3S)-6-chloro-3-phenylindan-l-y1)-1,2,2- trimethylpiperazine was found to significantly
attenuate the PCP-induced deficit in EDS 15 learning across both doses examined. Although select
doses of trans-4-((/R,3S)-6-chloro-3- phenylindan-1-34)-1,2,2-trimethylpiperazine appear to increase
the amount of time for completing a task, the increased times did not affect the accuracy in EDS or

other task phases of test and such increased times may be due to other unknown variables. Thus, the
nvarall findinae of the above rat attentional cat chiftina teact are indicativie of trancec-AA4(1R RR1_-A-



Cell membranes were stored at -80 C. WO 2009/135495PCT/DIC2009/050107 20 Before the
experiment, membranes were quickly thawed and homogenized in ice cold 50 mM TRIS buffer pH 7.7,
using an UMA-Z009(8389%homogenizer (11CA(r) Werke GrribH 8c Co. KG, iz i@evmasty). Also
before the experiment, all test compounds were diluted in 50 mM TRIS buffer pH 7.7. 5Aliquots
consisting of 10 pi test compound/total/non-specific, 10 [It radio ligand, [31115-LSD
(IN-methy/-31Thysergic acid, diethylamide) (#TRK-‘iO41, 1 nM final; GE Healthcare, Hitiered, Denmark,
formerly Qﬁ_ers am Biosciences) and 180 pi membrane suspension (10 pg final) were incubated at RT
for 30 mi r%fét. BountPRGURE WEBEERERU R G 7B TR dE nGHERS Orie Toltirscl rrkvester 96
Mach 3u {fonatescibiamdenh Cdie 16:Filiere WarR Muashesh Aimeswith:5 snkdcescold 50 i RIS

buffer pH\?.Y.Jhe filters were dried 20 minutesﬁ] C) before addition of OptiPhase SuperMix (Perkin
Elmer WARSE CURABILS ARSIV &9 Btk Hititdiddin a MicroBeta(r) TriLux 1450 (Perkin Elmer

Wallac, GaithershutgioMB, Wpadicomateniondoninuities o Fotakhinging wasdetglmingd using TRIS
buffeg and non-specific binding was 15determined using 10 p.M 5-Fluoro- | -(4-fluorophenyl)-311-

[2-(27 ida 28 fiafTomEL - BRRRHES - ST 8-t SERE N EUndBRER A, \CABPODRGNark). 2 1C50
values weiateiesmioa by rpabiReatoeyeofitingpasing HWEdBRRband K, values were calculated
from the Cheng-Prusoff equation: = 1050/0 -[L]/KO), 20where [L] is the concentration of radioligand

and K9 is its disgbgfgtﬁfﬁsﬁ%%cﬂgm’{&t‘ clTHER p IRV e d WO YH satfdhe ko thetmto malfpe K,

value for tetee; diffensninoatchies eikzompanad,! weret 34k 1ot AMaRthQRARMCRRaYRd |
therefore shgfws %%oten in vjtro antagonistic effect at 5-HT6 receptors, indicating a cognitive

enhancinB EREEFLS B Aiste SRat OSSR TR s eRisTPRPEHId neith My deRBHESUS |t has

beerdemoisirate Bi@eaysom Bratit alnfpokiayiowial Riaim ResearshsdB4£2004) Bd rsyb-chronic
PCP (phenc cgfgfine? treatment in combination with the novel object recognl,tip_néN R) test is a useful
model for e(‘leeét/% Ry ot RS i T R SO faRtR St AT AHAY RSP HBIFHNIBEELS cognitive
dysfunction assatiatiedenithrsehizoplarenia. a MRS 126490 RC DK QOAARALR LJnmbreilOR test
was perfogned as described in.the above c?kte% reference (Grayson 2007).  Acquisition trial. All
groups of FAtYSpERt e diivarehttim & BUsio g tRBRISRcA oo darmagsd syl tRecarighisiteh phase.
Figure 2 showd the pasaniexplardtiendine of 5 identical objects in the acquisition phase of the novel
object recognitiqn tt%SkrérNQR following acute trans-4-MR, =~~~ _
35)-6-chloro-3-phenyii d%%ﬁ-yﬁgf'%-t}ﬂ%emipérﬁi‘%eélko.55?3‘%/1(&,“9é?)eo%?@zﬁ’ﬁﬁﬁb‘E@.Smg/kg,
i.p.) in sulnecigenier? GRdnarvehicle freatedisatsh DptaRe exXPRSeHiAs MRk 8<. Mk 19 per
group) and ere a hallys.ed leAN V,LA and post-hoc student's t-test, Statistical analysis showed no
significant aifterEnes R imiE Y OhE. dBIBIG- e RIS B BB i tnd e iErRifd iisHaee 16 any
group.  incReltetitiofulirigledtigire Sishowsimaarnenploratieastimesefdaniliasandonorel ahiests in the
retention e?a}seﬁ%f thehnciy(al1 objde(?ct reco%?gion task (NORF%é?Il_owing a%ne trans-4-
((IR,.35)-b-chioro. 3 pRERY R BALEY S5 ST SRS STAZRS A o G AGH S P BIRIBA Hine
(2.3¥hg/kellepadrsubleheonio REBrand vetiop litesiad Jats. tRattaic.c XpagsedBskiimean s.c.m
(n=9-10 Rer.

greup) and were analysed by ANOVA and post-hoc student's t-test. Statistical analysis
showed a sfgn%(éagﬁf) %’i‘?ﬁesggrﬁcozfnb%e%\%gg% S SSEh LSRRG S it Whef EReshoRerstiset ~ Rats

treated sdisecheonicadlydivitin tehveticieesparib significanthi@psi04A0k) dangeniirss@xnlarngrthernovel
object cotrgleoar%g \(vﬂglr tt?;e familiar opject gF{%tggg) The abili%tq 20 diacriminate familiar and novel
objects was abohshed tolBWnG SOb-chFOAIEB &I Hisstste SEIHG LY HER R wHim Aht

differencedmiexptenatiombf tite novet anshtheutainiliarbjeets (Fgwied). of theAsyigptieatanest with
ESHTL il i i e R
was agairiohserebie(sH:05). AsutétreatmentiiiibiraNek((HR:a38) hephideetd-pihesydintan-kyd)-1,2,2-
timethylgiperazing ALALECEJRRER(0R M5 120 MUY o Amema/ke) sionificantly e
ireated is, e.g., a mammal, such as a human being.
As used herein, the phrase “effective amount”™ when applied to a compound of the
30 invention, is intended to denote an amount sufficient to cause an intended biclogical effect.

The phrase “therapeutically effective amount™ when applied to a compound of the invention

is intended to denote an amount of the compound that is sufficient to ameliorate, paliiate,



attenuated the sub-chronic PCP-induced impairment such that a significant increase in time spent
exploring the novel compared with the familiar object was again observed. The 30attenuation was
even more"Poi8tBEEd with treatment with trans-4-((IR,3S)-6-chloro-3-  PCT/DK2009/056107
phenylindan-l-y1)-1,2,2-trimethylpiperazine than it was with treatment with clozapine. WO
2009/135495PCT/DK2009/050107 22 Figure 4; @hows the effect of administration with
trans-4-((/R,38)-6-chloro-3- phenylrndan -l-y1)-1,2 rrmethylpiperazine (0.5-2.5 mg/kg, s.c.) or

clozapine (2.5mg n the cr| nation index in syb-chro PCP treated rats. Data are
e G I sl o ot DS L SN OIS o

post-hoc Ssbwpnett sittestisthe Cﬂ&({ﬁﬁﬂﬂ@tlﬁﬁhﬁid&ﬂ was significantly (p<0.05, compared with vehicle)
reduced followi sub hronic PCP treatment, whereas this effect w s 5 %nlflcantl p<0 05 - p<0.01,

compared with UYRER RSE LB FRLIRTERE WHH G aHs-S{ROE 6! cRiorb-Baarmaceutically
phenyrindaaebwb)ehaﬂﬁammlmmr@mmbm didhe-gasdadndbnnghgei thengit@) Ehisris in
contrast to treatment with clazapine.where no significant effect of the treatment 10(2.5 mg/kg) is
Oschred OB SRR SO R 6 oM (LN LB AL ATSG BEBH WAt SR JT R 55)-
6-chloro-3eghiivditetdnskyiinl, 2,2-trimethylpiperazine (0.5-2.5 mg/kg, s.c.) or clozapine (2.5mg/kg, i.p.)

on sub-chronica]I%PCPhtreated r?tsé%n the total num % r of I|ne crossrngs in the nove Eject
recognition task. Data ar%r e%ﬁ?%% &s }%V%{Wog ci - JD.O gul%eup(3 TEWeR a@fse% by

ANOVA ahdrpastitoe Duaceipiatéstalt (Hats tfeatad mﬂpﬂhmm@eﬂbfmﬂhdaﬁia}slﬁm@ﬁ@mfgcantly
(p<0.05, compared to vehicle) hi her lo tor tivity, whereas the locomot r)actlv
srgn|f|can(ﬁ))gre&i‘ﬂec%J BB, % Suc § o D TC Ra%ﬁ“tr@a%rﬁ%ﬁ?’%rv‘?ﬁu&?mas Gl i ffom)
trans}4- ((imgﬁ)fﬁecﬂmfﬁimeny[ﬁhﬁaﬂw)ei 2 Rdriraathylcipatazine acbithedngheaﬁoi tihe doses

(2.5 mg/kqg). No significant effe Oof R other treatments on Ioco tora tivity was observed.
Thus, th veraﬁef%ﬁlrﬁd]s ocfctff?e% tg ove %ﬁe e{sg ;}Eé wP&%Jarli‘/temo rafis-4- ﬁ}%g or treating
6-chloro-8eghengidgkdmakesid)- 1,2, 2-trimethylpiperazinc having cognition enhancmg properties

25Example 4 Pr. aratlon of npmtﬁdlrate It(ﬁase film- coated tablethlanrtrgggee Cawﬁoraaglz Caed |stra?%on I

. VCI’ltiO]l 1Y) 0
Pharmaceutical DEve opment of the comp’atl"]lgl ity Sf thh excipien 49N com ormula |

demonstrtatedoﬂwﬁmhl&ctrmpnemntsf useskiritie thblehtoxmulatonisee selmmarﬂltﬁermlﬂh&hgoup

30c pound ased hIS tradltlon | wet Loran lation, tabletting and film-co S was
devg ope%pﬂglsnmétarggar ?ﬁo S and3 e%%mplents Woe Qf%f%ﬂg%% 61(5%66%8% fgﬁ
Descrlpt|drsauﬂﬁrugcpzmm&ctlveTki‘smﬂmpoiahmsmmkirrdulades fomellaptediagimdisdidte réleask
film-coated tgblet intended for oral administration. T blets cont ining ¢ ound of fo | in this
example %rgapna%a e8|1r$|O w%rsatrengt Sta%can?i%gf m(g Sr%% pro éi ca:?)ﬁta?nrr% c%'riﬁpgi(c;l%rngf ?or%ﬁlrsa lisa
5white filmgcodtedtable bemdapsidatéd imd iownishiicddsoard dapsslen Gshesestrenlyting, ssichpas 2, 3,

composttonLaice e T RIS S48, TS TCES ey oo of
tablls 5 shgsaniomg Name ofd agrétiéab@eantity per Unit Function
The invention further provides a method of treating cognitive impairment associated
with schizophrenia (CIAS), comprising administering a therapeutically effective amount of
trans-4-((1R,3S)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine or a
pharmaceutically acceptable salt thereof to a patient in need thereof.

25 The invention further provides a pharmaceutical composition comprising a
therapeutically effective amount of Compound I or a pharmaceutically acceptable salt thereof
and 3 pharmacentically scceplable adjuvant, filler, diluent, additive, or combination thereof,
for a use as described herein,

In one embodiment of the invention, the pharmaceutically acceptable salt is a

30 succinate salt or a malonate salt. In one embodiment, the pharmaceutically acceptable salt is

in the form of a crystalline hydrogen succinate salt of Compound I or a crystalline hydrogen

malonate salt of Compound I, e.g, crystal form alpha of the hydrogen succinate salt of



Reference to Standard ' 5 mg 7 rng DRUG SUBSTANCE compound of formula | succinate
corresponding to compound of formula | 6.665 mg 5 mg 9.331 mg 7 mg Active ingredient In-house
spec. WOYPB(39%135495PCT/D1C2009/050107 24 Table 1, continued NaffeTdPiigidlfdat Quantity per
Unit Function Reference to Standard ' 5 mg 7 mg EXCIPIENTS Tablet core:
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Compound 1 or crystal form alpha of the hydrogen malonate salt of Compound 1. The
succinate salt and malonate salt of Compound I and their preparations are described in WO
2005/016900.

In one embodiment of the present invention, Compound I or pharmaceutically

5 acceptable salt thereof 1s in a purified form. The term “purified form” is intended to indicate
that Compound I or salt thereof is essentially free of other compounds or other forms of the
compound (such as polymorphic forms), as the case may be.

in one embodiment, the patient of the invention is suffering from a cognitive
dysfunction. In one embodiment of the invention, the patient is not suffering from a

10 cognitive dysfunction. In one embodiment, the patient of the invention is a first-episode
schizophrenia patient. In one embodiment, the patient of the invention has been diagnosed
with a cognitive impairment for which the patient is being treated.

In one embodiment, the cognitive dysfunction of the mvention is in connection with a
disease. In one such embodiment, the disease is selected from the group consisting of a

15  disease involving a psychotic symptom (such as, e.g., schizophrenia), schizophreniform
disorder, schizoaffective disorder, delusional disorder, brief psychotic disorder, shared
psychotic disorder, substance-induced psychotic disorder, an affective disorder (such as, e.g.,
depression, bipolar disorder and mania), Parkinson’s discase, a disease involving a sleep
disturbance, neuroleptic-induced parkinsonism, and an abuse disorder (such as, e.g., cocaine

20 abuse, nicotine abuse, and alcohol abuse}.

In one embodiment, the method of the invention comprises administering an effective
amount of Compound | or a pharmaceutically acceptable salt thereof to a patient in need
thereof.

In one embodiment of the mmvention, Compound I or a pharmaceutically acceptable

25 salt thereof is used for treating cognittve dysfunction m connection with schizophrenia. In
one embodiment, the cognitive dysfunction is CIAS. In one embodiment, the use reduces a
cognitive symptom in a schizophrenic patient. In one embodiment, the patient has at least
one cognitive symptom of schizophrenia. In one embodiment, the patient has two or more
cognitive symptoms of schizophremia. As used herein, the phrase *cognitive sympiom(s)”

30 refers to the cognitive deficit(s), cognitive dysfunction(s) and cognitive impairment(s} often
associated with schizophrenia. As used herein, the terms “reduces, “reducing™ and the like,

refers to a lessening or diminishing, such as, e.g., in severity, effect, and presence.



Calcium hydrogen phosphate, anhydrous 37.990 mg 36.213 mg Filler Ph.Eur. Maize starch 18.995 mg
18.106 mg Filler Ph.Eur. Copovidone 3.35 mg 3.35 mg Binder Ph.Eur. Water, purified2 g.s. g.s.
GranulatioW§iqgfd/F83428r. Cellulose, microcrystallinc 25 mg 25 mg Filler PHEGEZI4I4ellose
sodium 3 mg 3 mg Disintegrant Ph.Eur. Talc 4 mg 4 mg Lubricant Ph.Eur.
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In a further embodiment of the invention, the method of ftreating a cognitive
impairment associated with a disease as described herein, e.g., schizophrenia, further
comprises wherein the cognitive impairment is manifested as a decline in at least one
function or domain seiected from the group consisting of working memory, attention, verbal

5 learning and memory, problem solving (e.g., executive function), speed of processing and
social cognition.

In a further embodiment of the invention, the cognitive dysfunction(s) (i.e., cognitive
impairment(s), cognitive dysfunction(s)) to be treated include a declime In a cognitive
function or cognitive domain, e.g., one selected from the group consisting of working

10 memory, attention and vigilance, verbal learning and memory, visual learning and memory,
reasoning and problem solving (e.g., executive function), speed of processing, social
cognition, and a combination thereof, such as attentional performance in combination with
visual learning and memory. Alse, cognitive deficits, cognitive impairment and the like, may
indicate deficits in attention, disorganized thinking, slow thinking, difficulty in

15 understanding, poor concentration, impairment of problem solving, poor memory, deficits in
planning, organization, deficits in mental flexibility, deficits in task coordination, difficulties
in expressing thoughts, difficulties in integrating thoughts, feelings and behaviour,

difficulties in extinction of irrelevant thoughts, or a combination thereof.

20 Svynthesis of Commound 1. meluding definitions

Compound 1, including the succinate and malonate salts thereof, may be prepared as
outlined in WO 2005/016900.
It is understood that when specifying the stercoisomeric form, the stereoisomer is the
main constifuent of the compound. For example, when specifying an enantiomeric form of
25  the compound, the compound has an enantiomeric excess of the enantiomeric form specified,
In the present invention, for the pharmaceutical uses it is understood that when
specifying the enantiomeric form of the compound #rans-4-(6-chloro-3-phenylindan-1-yt}-
1,2,2-trimethylpiperazine, as done in formula (1), the compound is relatively stereochemically
pure, e.g., the enantiomeric excess is of at least about 70%, at least about 80%, at least about
30 90%, at least about 96%, or at least about 98%, where, for example, an “enantiomeric excess
if at least about 80%” means that the ratio of Compound 1 to its enantiomer is 90:10 in the

compound mixture in question. In one embodiment, the diastereomeric excess of Compound



Magnesium stearate 1 mg 1 mg Lubricant Ph.Eur. Weight of each tablet core 100 mg 100 mg

Film-coating:

Opacity Y-1-7000 white consisting of flypromellose (5 mPa.s.) 1.563 mg 1.563 mg Film

former Ph ¥ 2484&384151400 0.156 mg 0.156 mg Plasticizer Ph.Eur. TitanRETEHBEXHE(E01G7) 0.781 mg

0.781 mg Pigment Ph.Eur. Water, purified™ g.s. g.s. Solvent

10
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I (i.e., the cis/trans ratio) is at least about 90%, at least about 95%, at least about 97%, or at
ieast about 98%, where, for example, 90% diastereomeric excess means that the ratio of
Compound 1 to cis-4-((15,35))-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine is
95:3.

The enantiomeric excess of Compound 1 may, e.g., be determined as described in WO
2005/016900, which briefly is by fused silica capillary electrophoresis (CE) using the
following conditions: Capillar: 50um ID X 64.5 cm L, run buffer: 1.25mM B cyclo dextrin in
25mM sodium dihydrogen phosphate, pH 1.5, voltage: 16kV, temperature: 22 °C, injection:
50mbar for 5 seconds, detection: column diode array detection 192nm, sample concentration:
500ug/ml. In this system, Compound I has a retention time of approximately 33 min, and the
other enantiomer has a retention time of approximately 35 min. The diastereomeric excess of
Compound I may, e.g., be determined as described in Bogeso er al., J. Med. Chem. 1995, 38,
4380-4392 (page 4388, right column).

In the present invention, pharmaceutically acceptable salts include any
pharmaceutically acceptable salt of Compound 1. Non-limiting examples of such salts are

crystalline hydrogen succinate salt and crystalline malonate salt of Compound 1.

Administration and dose of Compound I:

Compound 1 or a salt thereof may be administered in any suitable way, e.g., orally,
buccal, sublingual or parenterally, and the salt may be presented in any suitable form for such
administration, e.g., in the form of tablets, capsules, powders, syrups or solutions or
dispersions for injection. In one embodiment, a salt of the invention is administered in the
form of a solid pharmaceutical entity, suitably as a tablet or a capsule.

Methods for the preparation of solid pharmacecutical preparations are well known in
the art. Tablets may thus be prepared by mixing the active ingredient with ordinary adjuvants,
fillers and diluents and subsequently compressing the mixture in a convenient tabletting
machine. Non-limiting examples of adjuvants, fillers and diluents comprise cornstarch,
lactose, talcum, magnesium stearate, gelatine, lactose, gums, and the like, Any other adjuvant
or additive, such as colourings, aroma, preservatives, ete., may also be used provided that
they are compatible with the active ingredients.

Solutions for injections may be prepared by dissolving a salt of the invention and possible

additives in a part of the solvent for injection, such as sterile water, adjusting the solution to



Ph.Eur. Weight of each film-coated tablet 102.5 mg 102.5 mg Magnesium stearate q.S. q.S. Lubricant
Ph.Eur. he current pharmacopoeia is use WO 2009/135495PCT/HK2009/050107 25 The batch
compositioW§ 1P EYfEsentative batch size of 0,000 tablets are presente8GAPEBEBPH|e 2. Batch
composition for film-coated tablets (Batch size 10,000 tablets) Strength 5 mg 7 ma 6 Ingredients
Quantity (g) % w/w (per tablet core) Quantity (g) %1 XV/W (per tablet core) Tablet core:  compound of
foirnula 1 succinate 66.65

desired volume, sterilisation of the solution and filling in suitable ampules or vials. Any
suitable additive conventionally used in the art may be added, such as tonicity agents,
preservatives, antioxidants, solubilising agents, etc.
The daily dose of Compound 1 calculated as the free base, is suitably between about 2
5  and about 55 mg, or between about 3 and about 55 mg. Accordingly, within the invention is a
method of treating a cognitive impairment as described herein comprising administering
Compound I or a pharmaceutically acceptable salt thereof to a patient in need thereof,
wherein the daily dose of Compound I calculated as the free base, is between about 2 and
about 55 mg, or between about 3 and about 55 mg.
10 In some embodiments of the composition, use, or method of treatment the amount of
Compound 1, calculated as the free base, is between 4 mg and 14 mg.
In further embodiments of the composition, use, or method of treatment, the amount
of the compound of formula (1) is from 4-12 mg.
In further embodiments of the composition, use, or method of treatment, the amount
15 of the compound of formuia (I} is from 5-14 mg.
In further embodiments of the composition, use, or method of treatment, the amount
of the compound of formula (1) is from 4-6 mg, such as 5 mg.
In further embodiments of the composition, use, or method of treatment, the amount
of the compound of formula (1) is from 6-8 mg, such as 7 mg.
20 In further embodiments of the composition, use, or method of treatment, the amount
of the compound of formula (1} is from 8-10 mg.
In further embodiments of the composition, use, or method of treatment, the amount
of the compound of formula (1) is from 10-12 mg.
In further embodiments of the composition, use, or method of treatment, the amount
25  of the compound of formula (I} is from 12-14 mg, such as 14 mg.
In further embodiments of the composition, use, or method of treatment, the amount
of the compound of formula (I} is from 5-7 mg.
In further embodiments of the composition, use, or method of treatment, the amount
of the compound of formula (I} is from 7-9 mg.
30 In further embodiments of the composition, use, or method of treatment, the amount

of the compound of formula (I} is from 9-11 mg, such as 10 mg.



6.665 93.31 9.331 Calcium hydrogen phosphate, anhydrous 379.90 37.990 362.13 36.213 Maize
starch 189.95 18.995 181.06 18.106 Copovidone 33.5 3.35 33.5 3.35 Water, purified' g.s. - g.s. -
Cellulose, Witr8&Hidfdhie 250 25 250 25 Croscarmellose sodium 30 3 30PSWEE2400/050167
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in further embodiments of the composition, use, or method of treatment, the amount
of the compound of formula (I} is from 11-13 mg.

When the invention relates to the use or the method of treatment then the dose
indicated above of from 4-14 mg, such as 4 mg, 5 mg, 6 mg, 7 mg, 8 mg, 9 mg, 10 mg, 11

5 mg, 12 mg, 13 mgor 14 mg, is on a daily basis. In a preferred embodiment the dose is 5 mg,

7 mg or 10 mg.

In a particular embodiment the dose is as low as 2 or 3 mg of Compound I on a daily
basis.

The invention will be illustrated in the following non-limiting examples,

10
EXAMPLES
Example 1  Rat disease model for schizophrenia with cognitive deficits, executive
functioning

15 Executive functioning includes processes such as planning, organization, mental

flexibility and task coordination and is considered to be the domain in which schizophrenia
patients have the most difficulties. The attentional set-shifting paradigm is an animal model
which allows assessment of executive functioning via intra-dimensional (ID) versus extra-
dimensional (ED) shift discrimination learning. A schizophrenia-disease-like animal model

20 with subchronic phencyclidine (PCP) administration plus washout period is applied. The
subchronic- PCP with washout treatment regime appears fo induce the most selective
impairment, with a performance deficit confined to ED shift performance only, indicating
that this specific pharmacological manipulation may model more effectively the executive
functioning deficits observed in first-episode schizophrenia patients.

25 Accordingly, the cognitive enhancing properties of a compound can be investigated
by testing whether the compound is attenuating the “attentional performance impairment”
induced by subchronic PCP administration in rats.

Methodology. In vivo assessment of “attentional set-shifting performance” was
conducted as described by Rodefer et al. (Eur. J. Newrosci. 21:1070-1076 (2003)), and was

30 based on a modified version of the task designed by Birrell & Brown (J. Newrosci, 20:4320-
4324 (2000)). Briefly, Male Long-Evans rats (Harlan, Indianapolis, IN) weighing
approximately 250 g at the beginning of the study in four groups (n=12 each group) were



4 40 4 Magnesium stearate 10 1 10 1 Weight of tablet core 100 mg 100 mu a Film coating:  Opadry
Y-1-7000 white 25 2.5 25 2.5 Water, purified' g.s. - g.s. Weight offilm-coated tablet 102.5 mg 102.5
mg 5 DesPpititydii¥Pinufacturing Process and Process Controls  ThE¢A&dk38081%§paHulation is a
traditional wet granulation process using copovidone (Kollidone VA64) as a dry binder and water as
granulation liquid. In the 10-litre PMAL high shear mixer the process is as follows for a 2 kg batch:
10Mix compound of founula | succinate, anhydrous calcium hydrogen phosphate, maize

used. After habituating to the colony room environment, rats received a series of subchronic

injections of PCP (5 mg/kg, 1.p.) or saline twice daily for 7 days, followed by 2 washout

period of 10 days before beginning the set-shifting procedure in which animals were required

to dig in a pot to retrieve a food reward (half of a Honey Nut Cheerio® (General Mills,

5 Minneapolis, MN, USA)) using either digging medium or scented odor as the dimensional

cue. The test chamber was a Plexiglas® box (50 x 37.5 x 25 cm) with an opaque barrier
separating one-third of the box from the rest (along the long axis of the box).

On each trial, the two digging pots were placed adjacent to each other in the large

section of the box while the rat waited in the small section. The rat was given access to the

10 pots by raising the divider, which was then put back down once the trial had begun.

Habituation was performed for several days before testing; a pot filled with wood chip

bedding used in the rats’ home cages and baited with several Cheerios® was placed in cach

rat’s cage, to accustom them to retrieving food rewards from the pots. Next, rats were placed

in the test box daily for several days and given access to two pots filled with wood chip

15 bedding and baited with several Cheerios”™. The cups were replenished with bait continuously

until the rats were digging reliably to retrieve the food rewards. At the end of this period, rats

were trained on two simple discrimination problems (SDs) to a criterion of six consecutive

correct trials: a problem involving the dimension of odor and medium, respectively. In all

discrimination problems, digging was defined as a vigorous displacement of the digging

20 medium, because the reward was buried deeply (about 2.5 cm) within the pot. The rats

therefore could investigate the digging medium with paws or snout before executing a "dig"

response, and these choices were not scored. Because the rats were allowed to sample the

digging media by touch before digging, they could have used tactile or visual characteristics

(or both) of the media to make their choices based on this dimension. All media included a

25 small amount of powdered Cheerios®, to discourage the rat from trying to detect the hidden

reward by odour alone. The purpose of this preliminary phase was to acquaint the rats with

the discrimination learning procedure and the two possible relevant dimensions of odor and

medium. The total time spent in this training phase varied (approximately 5-7 training days,

on average) depending on how quickly cach animal learned to reliably dig vigorously in

30 order to find the food rewards. This procedure was developed in order to ensure that all

animals would reliably dig in a robust and consistent manner that would enable each rat to



starch and copovidone for 2 minutes at 500 rpm. WO 2009/135495PCT/D1C2009/050107 26 Add
purified water to initiate agglomeration. Granulate at 800 rpm for approximately 4 minutes, so a
suitable gra€ule08izésiachieved. Sieve the wet granules. 5Dry the granulBS TADKYRY/ Y at 50C,
until the product has a relative humidity (RH) of 25-55%R1-L Sieve the dried granules. Mix the

granules with microcrystalline cellulose, croscarm I#ose sodium and talc in a mixer. Ad magnesium
stearate to the mixer and mix. 10Compress the granulate into tablets on a tablet compressing

machine. Film-coat the tablet cores in a film coater, using the process parameters given in table 3.

Table 3 EQUBIHEARGABBroE S IUIRIRE TP the Boatiy BIotESO R RAPMERT EBRG YT LMY rate
égo/misn) |n&f?lﬁir-ﬁl%a(lmffﬂlﬂ)fowﬁgaﬁﬁ%}mﬁom@m&fr@ﬁdﬂ@@né@ifﬁmu Llab 156 1360-1f500 12 500

58 15A flow diagram of the manufacturing process and process controls is, shown in figure 6.
Unexpected eff 586? g%’r}fg’i?ﬁ‘r?é”’tﬁlﬁjrgfef ]Eﬁg(fl-éﬁ fﬁfﬁmgfﬁ%ﬁf@ﬁgg% &6@1@@%@ I process,
two differgnhdéetsipifotarinations was. spreducect ard thaicrfiect amthelghemigahstakilibpedsampound
of fopnula | was evaluated, 20The composition of these tablets.is given in table 4, and the
mantifac -ﬁa}ﬁ% B f%%agi Skt ehe Rt R srﬁb%sfﬁfbfn of
film-coatedatahletawtith: 2 differandbinderb (BatehiBize 40, QRGidabietshich the rat was allowed to

dig in both pots regardless of where the rat first began to dig. An error was recorded if the rat
first dug in the unbaited pot. After the first four trials were completed and the rat dug first in
the unbaited pot, the rat was returned to the small section of the box and was not permitied to

10 find the food reward in the other pot. Testing continued until the rat reached a criterion of six
consecutive correct trials.

In a single test session rats performed a series of discriminations paralleling the
procedure used previously (Birrell & Brown J. Newrosci. 20:4320-4324 (2000}); Rodefer et al.
Neuropsychopharmacol. 33:2657-2666 (2008)). Initially, a simple discrimination (SD)

15  between either two odors or two digging media was presented, followed by a compound
discrimination (CD) with the same positive stimulus as the initial SD. In the CD a new
dimension was introduced, but it was not a reliable predictor of the location of the food
reward. The CD problem was then reversed (Revl), so that what was formerly the
unreinforced stimulus was changed to be the reinforced stimulus, with the irrelevant

20 dmmension not predictive of the reward location. An mira-dimensional shift (IDS)
discrimination problem was then presented; the 1DS problem was a compound discrimination
in which the specific stimuli within both relevant and irrelevant dimensions were changed,
but the relevant dimension (either odor or medium) remained the same. The IDS problem
was then reversed (Rev2), so that what was formerly the unreinforced stimulus was changed

25  to be the reinforced stimulus and with the irrelevant dimension still not predictive of the
location of the reward. Then the rats were presented with an extra~-dimensional shift (EDS)
problem in which the formerly irrelevant dimension became the relevant one and the
originally relevant dimension no longer held predictive value. Finally, the EDS problem was
reversed (Rev3) such that what was formerly the unreinforced stimulus was changed to be the

30 reinforced stimulus.

Data Analvsis. Based on previous data (Rodefer et al. Int J. Neuropsychopharmacol

9:S140-141 (2006); Rodefer et al. Ewr. J Newrosci. 21:1070-1076 (2005)), it was




Strength 2.5 rig Ingredients % w/iv (per tablet core) % w/vv (per tablet core) Tablet core: compound
of formula 1 succinate 2.67 2.67 Calcium hydrogen phosphate, anhydrous 40.66 40.66 Maize starch
20.33 20.383@HweuifdAT 3.3 0.0 Maltodextrin 0.00 3.35 Water, purified' - BEMRABEe9Af0dErystalline
26.0 26.0 Croscall ellose sodium 3.0 3.0 Talc

18

hypothesized that subchronic PCP administration would selectively impair EDS task
performance. Thus, first examined was set-shifting performance (trials to criterion) of the rats
treated with subchronic PCP or saline using an analysis of variance (ANOVA) with 2
between-subjects factors (discrimination problem, drug pretreatment) and the problem x drug

5  interaction. Bonferroni corrected post hoc analyses were subsequently used to test mean
differences.

Description of Resulis,

Effect of subchronic PCP treatment.  Subchronic PCP-treatment produced a
significant main effect for discrimination problem (F (6, 132)=22.06, p<0.01) but not a
10 significant main effect for pretreatment condition (F (1, 132)=2.92, p>0.05). The mnteraction
between pretreatment condition and discrimination problem was significant (F (6, 132)=4.04,
p<0.01). Bonferroni post hoc analyses revealed a significant difference between PCP and
saline treated animals only in the trials required to reach criterion in the EDS discrimination
problem (t=4.51, p<0.01) (see Fig. 1). There were no suggestions of PCP-mduced
15 impairment on frials to criterion on any of the other discrimination problem (all ps>0.05).
Thus, these data supported our hypothesis that subchronic PCP-administration would
selectively impair EDS task performance.
Effects of Compound I. Next tested were the effects of Compound I dose on reversing
the PCP-induced deficit in EDS function (see immediately above). These analyses revealed a
20 significant main effect of discrimination problem (F (6, 198)= 20.54, p<0.01) but not of
Compound I dose (F (2, 198)=0.23, p=>0.05). However, there was a significant interaction
between Compound 1 dose and discrimination problem (F(12,198) = 2.07, p<0.05).
Bonferront post hoc comparisons revealed significant differences (see Fig. 1) on EDS
diserimination performance between the PCP-+vehicle group and both the group treated with
25 1.25 mg/kg Compound 1 (t=3.09, p<0.05) and the group treated with 2.5 mg/kg Compound 1
{(t=3.80, p<0.01). No evidence was found that either dose of Compound I impacted behavior
on all other discrimination problems (all ps=>0.05). Thus, Compound I significantly
attenuated the PCP-induced deficit in EDS learning across both doses examined.
Effects of drug on time to complete task. Apparently Compound 1 produced a delay in
30  task completion. A one-way ANOVA (F (2, 33)=11.95, p<0.01) revealed that these time
differences were significant, Rats that received 2.5 mg/kg of Compound 1 (M=3.33 hrs,
SD=1.5}) took on average significantly longer to complete the set-shifting task than did the



3.0 3.0 Magnesium stearate 1.0 1.0 Weight of tablet core 125 mg The use of copovidonc as binder
leads to tablets with better pharmaceutical technical Sproperties, e.g. the cabability of producing
harder tabMi8 i 18efoss on friability without compromising the disintegREBBERES/e&tEMonstrated
in table 5: WO 2009/135495PCT/0K2009/050107 28 Table 5 Comparision of phatilaceutical technical
data for tablets containing compound of formula | succinate with the composition given in table 4
Copovidone Maltodextrin Applied compression ford (N) Friability (%, w/w) Disintegration time Applied

compression force (N) Friability (%) 86.0.14 44 sec 36 0.69 43sec 108 0.16 1mm14 sec 47 0.51
rats that received 1.25 mg/kg of Compound 1 (M=2.05 hrs, SD 1.1; t=2.89, p<0.05) or vehicle

treated rats (M=1.18 hrs, SD=0.25; t=4.86, p<0.01). Rats that received 1.25 mg/ke
Compound 1 did not differ significantly from vehicle treated rats (=1.97, p>0.05).
Observations suggested that Compound 1 treated rats performed in bursts of activity with
5  pauses during the testing period. Thus, despite significantly attenuating the PCP-induced
deficit, selected doses of drug also produced increased session duration. Yet, these increased
times did not impact overall accuracy in EDS or other task phases. Moreover, animals with
longer test session periods have been observed previously with aged animals, with animals
that had received lesions that impacted motor coordination, and following administration of

10 pharmacological compounds.
In contrast to clozapine, risperidone and haloperidol, which have been shown to be
ineffective in reversing PCP-disrupted attentional performance when given acutely (see e.g.,
Rodefer et al. (2008)), trans-4-((I R, 38)-6-chloro-3-phenylindan-1-y1)-1,2,2-
trimethyipiperazine was found to significantly attenuate the PCP-induced deficit in EDS
15 learning across both doses examined. Although select doses of frans-4-((1R, 35)-6-chloro-3-
phenylindan-1-yl)-1,2,2-trimethylpiperazine appear to increase the amount of time for
completing a task, the increased times did not affect the accuracy in EDS or other task phases
of test and such increased times may be due to other unknown variables. Thus, the overall
findings of the above rat attentional set shifting test are indicative of frans-4-((1R,38)-6-

20 chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine having cognition enhancing properties.

Example 2 in vifro antagonistic effect of Compound T at 5-HT receptors
5-HTs receptors have been associated with cognitive enhancing effects in both normal
and disease states. The in vitro antagonistic effect of mrans-4-((1R,38)-6-chloro-3-
25  phenylindan-1-yl)-1,2,2-trimethylpiperazine (Compound T) at 5-HTs receptors was assessed
by the following radioligand binding assay.
HeLa cells stably transfected with the human 5-hydroxytryptamine receptor 6 (NHI,
Nov. 1994) were cultured in screening plates. When reaching conflucnce (5-7 days), cells
were harvesied in ice cold D-PBS (Dulbecco's Phosphate-Buffered Saline) using a cell
30 scraper, centrifuged at 1000 rpm for 10 minutes and re-suspended in | mL D-PBS per plate.

Cell membranes were stored at -80 °C,



Imin 13sec 120 0.18 Imin 52sec 51 0.43 Imin 42sec 130 0.22 2mm 09sec 59 0.23 Imin 59sec
Furthermore, the difference in binder lead to surprising stability differences as demonstrated 5in table
6. Table 6 WECHRIP3EHISN of compound of fommla | succinate, in formulatiBEE P Hfakedextrin and
copovidon are used as binder, composition of tablets given in table 4 Treatment Total decomposition
(%) of compound of formula | Copovidone Maltodzxtrin Initial analysis <0.05 <0.05 After autoclavation
0.91 1.1 80C for 48 hours 0.99 2.0 80C for 120 ho Qs 1.4 1.7 40C/75%RH for 3 weeks <0.05

Before the experiment, membranes were quickly thawed and homogenized in ice cold
50 mM TRIS buffer pH 7.7, using an Ultra-Turrax® homogenizer (IKA® Werke GmbH &
Co. KG, Staufen, Germany). Also before the experiment, all test compounds were diluted in
50 mM TRIS buffer pH 7.7.

5 Aliguots consisting of 10 UL test compound/total/non-specific, 10 uL radio ligand,
[PH]5-LSD ([N-methyl-"H]Lysergic acid, diethylamide) (#TRK1041, | nM final; GE
Healthcare, Hillered, Denmark, formerly Amersham Biosciences) and 180 pl membrane
suspension (10 g final) were incubated at RT for 30 minutes, Bound ligand was separated
from free ligand by filtration on a Tomtec® Harvester 96 Mach 3u {Tomtec, Hamden, CT).

10 Filters were washed 2 times with 0.5 mL ice-cold 50 mM TRIS buffer pH 7.7. The filters
were dried 20 minutes (37 °C) before addition of OptiPhase SuperMix (Perkin Elmer Wallac,
Gaithersburg, MD, USA) and counted in a MicroBeta® TriLux 1450 (Perkin Elmer Wallac,
Gaithersburg, MD, USA) counter for 1 minute,

Total binding was determined using TRIS buffer and non-specific binding was

15 determined using 10 uM 5-Fluoro-1-(4-fluorophenyl)-3-{1-[2-(2-imidazolidinon-1-yl)ethyl]-
4-piperidyl}-1H-indole (H. Lundbeck A/S, Valby, Denmark).

ICs¢ values were determined by non-linear curve fitting using X1Fit (IDBS), and X;
values were calculated from the Cheng-Prusoff equation:

K= 1Cs0/(1-[L}VKp),

20 where [L] is the concentration of radioligand and Kp is its dissociation constant at the
receptor, derived from the saturation isotherm.
The KX value for three different batches of Compound T were 0.78 nM, 1.4 nM and
0.84 nM. Compound I therefore shows a potent in vifro antagonistic effect at 5-HT,
receptors, indicating a cognitive enhancing effect.
25
Example3  Rat disease model for schizophrenia with cognitive deficits
It has been demonstrated (Grayson B. ¢t al. Behavioural Brain Research 184 (2007)
31-38) that sub-chronic PCP (phencyclidine) treatment in combination with the novel object
recognition (NOR} test is a useful model for detecting compounds with therapeutic potential

30 in treating the symptomology of cognitive dysfunction assoctated with schizophrenia.



<0.05 60C for 3 weeks 0.95 1.41 10Example 5 Preparation of immediate release film-coated tablet
intended for oral administration Il Pharmaceutical Development A study of the compatibility of the
excipients Béb20WAEdhd | demonstrated that the components used in th@ ¢ AEIIEIoN were
compatible with the compound. Based on 29 this, a traditional wet granulation, tab letting and
film-coating process was developed using standa:g methods and excipients. Description of Drug
product Compound | is formulated as immediate fease Elm-coated tablet intended for oral
5administration. Tablets containing compound of formula I in this example are made in two strengths,

2.5 and 5 mg. TREDrodicfSOntAmiRR oMb and BIFoRs L 13 RMTte HISH CsAtEREsHIEr 8 8psulated
in a brownigyyed hard capsule. Other strengths, such as 2, 3, 4, 6,7, 8, 9, 10, 11, 12, 13, or 14 mg,
may be prepared in the same manner Composition 10The compositions of the tablets 2.5 mg and 5

mg are given befSiWHHH4BIL # Tabl P BN o S RSP aBIE B isn e 8 Ty ec diG AT S phate

formulation)d¥yania ehingredient Quantitiiaepkini, Fupeton Referense te-atangdasdhtd: ek 2Mg
DRUG SUBSTANCE Compound I, succinate Corresponding to Compound | 3.333 mq(z.(%&%&%?
S ' E

mg 5 mg ABIVEY N GRABHENIn Ao uSE BSHL e RBII EN T8eT 4B cgPisct recognition ta
following acute  trams-4-((/R,3S)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine

(0.5-2.5 mg/kg, s.c.) or clozapine (2.5mg/kg, i.p.) in sub-chronic PCP and vehicle treated

rats. Data are expressed as mean + s.e.m (n=9-10 per group) and were analysed by ANOVA

and post-hoc student’s t-test. Statistical analysis showed no significant difference in time
10 spent exploring the identical objects in the acquisition phase in any group.

Retention trial, Figure 3 shows mean exploration time of familiar and novel objects in
the retention phase of the novel object recognition task (NOR) following acute frans-4-
{{/R,3S)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine (0.5-2.5 mg/kg, s.c.) or
clozapine (2.5mg/kg, 1.p.) in sub-chronic PCP and vehicle ireated rats. Data are expressed as

15 mean + s.e.m (n=9-10 per group) and were analysed by ANOVA and post-hoc student’s t-
test. Statistical analysis showed a significant difference between time spent exploring the
familiar and the novel object *P<(.05-***P<(.001.

Rats treated sub-chronically with the vehicle spent significantly (p<0.001} longer time
exploring the novel object compared with the familiar object (Figure 3). The ability to

20 discriminate familiar and novel objects was abolished following sub-chronic PCP treatment,
whereby there was no significant difference in exploration of the novel and the familiar
objects {Figure 3).

Acute treatment with clozapine at a dose of 2.5 mg/kg significantly attenuated the

sub-chronic PCP-induced impairment such that a significant increase in time spent exploring
25  the novel compared with the familiar object was again observed (p<0.05).

Acute  ftreatment  with  frans-4-((1R,35)-6-chloro-3-phenylindan-1-yl)-1,2,2-
trimethylpiperazine at all three doses (0.5 mg/kg — 1.25 mg/kg — 2.5 mg/kg) significantly
attenuated the sub-chronic PCP-induced impairment such that a significant increase in time
spent exploring the novel compared with the familiar object was again observed. The

30 attepuation was even more pronounced with treatment with trans-4-((1R,3S)-6-chloro-3-

phenylindan-[-y1}-1.2,2-trimethylpiperazine than it was with {reatment with clozapine.



Calcium hydrogen phosphate, anhydrous Maize starch Copovidone Water, purified™ Cellulose,
microcrystalline Croscarmellose sodium Talc 40.000 mg 20.000 mg 5.00 mg g.s. 26.17 mg 3 mg 1.5
mg 80.000%& 24088 g 10.00 mg g.s. 52.34 mg 6 mg 3 mg Filler Filler Bia8@Eeegfatin liquid
Filler Disintegrant Lubricant Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Ettr. Magnesium
stearate 1 mg 2 mg Lubricant Ph.Eur. WO 2009/1?252495PCT/01:2009/050107 30 Name of Ingredient
Quantity per Unit Function Reference to Standard ““2.5 mg

Figure 4 shows the effect of administration with frans-4-((I/R,3S8)-6-chloro-3-
phenylindan-1-y1)-1,2,2-trimethylpiperazine (0.5-2.5 mg/kg, s.c.) or clozapine (2.5mg/kg,
1.p.} on the discrimination index in sub-chronically PCP treated rats. Data are expressed as
the mean + s.e.m (n=9-10 per group) and were analysed using ANOVA followed by post-hoc

5 Dunnett's t-test. The discrimination index was significantly (p<0.05, compared with vehicle)
reduced following sub-chronic PCP treatment, whereas this effect was significantly (p<0.05 -
p<0.01, compared with PCP) attenuated upon treatment with trans-4-{(IR,3S)-6-chloro-3-
phenylindan-1-y1}-1,2,2-trimethylpiperazine at two of the doses (1.25 mg/kg - 2.5 mg/kg).
This is in contrast to treatment with clozapine where no significant effect of the treatment

10 (2.5 mg/kg) is observed.

Locomotor activity. Figure 5 shows the effect of administration with trans-4-((1R, 35)-
6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine (0.5-2.5 mg/kg, s.c.) or clozapine
(2.5mg/kg. 1.p.) on sub-chronically PCP treated rats on the total number of line crossings in
the novel object recognition task. Data are expressed as mean £ s.e.m (n=9-10 per group) and

15 were analysed by ANOVA and post-hoc Dunnett t-test.

Rats freated sub-chronically with PCP showed significantly (p<(0.05, compared to
vehicle) higher locomotor activity, whereas the locomotor activity was significantly reduced
(p<0.05, compared to vehicle) upon treatment with trans-4-((/ R, 3S)-6-chloro-3-phenylindan-
1-y1)-1,2,2-trimethylpiperazine at the highest of the doses (2.5 mg/kg). No significant effect

20 ofthe other freatments on locomotor activity was observed.

Thus, the overall findings of the above NOR tests are indicative of trans-4-((IR,35)-

6-chloro-3-phenylindan-1-yD)-1,2,2-trimethylpiperazine ~ having  cognition  enhancing

properties.

25 Example 4 Preparation of immediate release film-coated tablet intended for oral
administration I

Pharmaceutical Development

A study of the compatibility of the excipients and compound of formula T
demonstrated that the components used in the tablet formulation were compatible with the
30 compound. Based on this, a traditional wet granulation, tabletting and film-coating process

was developed using standard methods and excipients.



5 mg Weight of each tablet core Film-coating. Opadry Y-1-7000 white consisting of Hypromellose (5
mPa.s.) Macrogol 400 Titanium dioxide (E171) Water, purified2 Weight of each EIm-coated tablet
Magnesiurty Staefiiés#8d mg 1.563 mg 0.156 mg 0.781 mg g.s. 102.5 mg BC/RBRv30126 mg 0.312
mg 1.562 mg g.s. 205 mg q.s. Film former Plasticizer Pigment Solvent Lubricant Ph.Eur. Ph.Eur.
Ph.Eur. Ph.Eur. Ph.Eur. e current pharmacopoeéa3 Is used 2 Volatile material

Description of Drue product

The compound of formula I is formulated as immediate release film-coated tablet
mtended for oral administration. Tablets containing compound of formula I in this example
are made in two strengths, 5 and 7 mg. The product containing compound of formula 1is a
5  white film-coated tablet encapsulated in a brownish red hard capsule. Other strengths, such as
2,3,4,6,8,9,10, 11, 12, 13, or 14 mg, may be prepared in the same manner.
Composition
The compositions of the tablets 5 mg and 7 mg are given below in Table 1.

10 Table 1. Composition of tablets 5 mg and 7 mg
Quantity per Unit Reference fo
Name of Ingredient Function Standard ’
S mg 7mg

DRUG SUBSTANCE
compound of formula I succinate 6.665 mg  19.331 mg |Active ingredient [In-house spec.

corresponding to compound of |5 mg 7 mg

formula I




The batch compositions for a representative batch size of 10,000 tablets are presented in Table 8.

WO 2009/135495PCT/DK2009/050107 31 Table 8 Batch composition for film-coated tablets (Batch
size 10,008VaBEEEY38tength 2.5 ma b 5 ma b Ingredients Quantity (.0 % win /et wore) Quantity
(9) % w/w (per tablet core) Tablet core:  Compound of formula | succinate 33.33 3.333 66.67 3.333
Calcium hydrogen phosphate, anhydrous 400.00 42%.000 800.00 40.000 Maize starch 200.00 20.000
400.00

Table 1, continued

Quantﬁy per Unit Reference to
Name of Ingredient Function Standard °
5 mg 7mg
EXCIPIENTS
Tablet core:
Calcium hydrogen phosphate,  [37.990 mg |36.213 mg {Filier Ph.Eur.
anhydrous
Maize starch 18.995 mg [18.106 mg |Filler Ph.Eur,
Copovidone 3.35 mg 335mg |Binder Ph.Eur.
Water, purified” q.s. q.s. Granulation liquid {Ph.Eur.
(Celluiose, microcrystalline 25 mg 25 mg Filler Ph.Eur.
Croscarmellose sodium 3 mg Img Disintegrant Ph.Eur.
Talc 4 mg 4 mg Lubricant Ph Eur.
Magnesium stearate I mg 1 mg Lubricant Ph.Eur.
Weight of each tablet core 100 mg 100 mg
Film-coating:
Cpadry Y-1-7000 white
consisting of:
Hypromellose (5 mPa.s.) 1.563mg  11.563 mg (Film former Ph.Eur.
Macrogol 400 0.156 mg  [0.156 mg |Plasticizer Ph.Eur.
Titanium dioxide (E171) 0.781 mg  [0.781 mg |Pigment Ph.Eur.
Water, purified” q.S. g.s. Solvent Ph.Eur.
Weight of each film-coated tablet|l02.5 mg  [102.5 mg
Magnesium stearate q.5. q.s. Lubricant Ph.Eur.

" The current pharmacopoeia is used

2 Volatile material




20.000 Copovidone 50.0 5.00 100.0 5.00 Water, purified' g.s. - g.s. Cellulose, microcrystalline 261.7
26.17 523.4 26.17 Croscarmellosc sodium 30 3 60 3 Talc 15 1.5 30 1.5 Magnesium stearate 10 1 20
Weight of ¥EI4EGF460 mg 200 m a o PCT/BK2009/050107

25

The batch compositions for a representative batch size of 10,000 tablets are presented in

Table 2,

Table 2. Batch compostition for film-coated tablets (Batch size 10,000 tablets)

Strength Smg 7 mg
Ingredients Quantity (g) | % ww (per | Quantity (g} | % w/'w (per
tablet core) tablet core)
Tablet core:
compound of formula | 66.65 6.665 93.31 9.331
succinate
Calcium hydrogen 379.90 37.990 362.13 36.213
phosphate, anhydrous
Maize starch 189.95 18.995 181.06 18.106
Copovidone 335 3.35 33.5 3.35
Water, purified’ q.8. - Q.. -
Cellulose, microcrystalline 250 25 250 25
Croscarmellose sodium 30 3 30 3
Tale 40 4 40 4
Magnesium stearate 10 1 10 1
Weight of tablet core 100 mg 100 mg
Film coating:
Opadry Y-1-7000 white 25 2.5 25 2.5
Water, purified’ g.s. - q.s. .
Weight of film-coated tablet | 102.5 mg 102.5 mg
5
Description of Manufacturing Process and Process Controls
The method of granulaﬁon 1s a traditional wet granulation process using copovidone
(Koliidone VA64) as a dry binder and water as granulation liquid. In the 10-litre PMAT high
shear mixer the process is as follows for a 2 kg batch:
10 Mix compound of formula I succinate, anhydrous calcium hydrogen phosphaie, maize

starch and copovidone for 2 minutes at 500 rpm.



Film coating:  Opacity Y-1-7000 white 25 2.5 50 2.5 Water, purified' g.s. q.s. Weight offilm-coated
tablet 102.5 mg 205 ma a Manufacturing process and process controls is as in Example 4. A flow
diagram oWha%taddtatturing process and process controls is shown in fRfuFEE28HBPLcted effects
of binder in the tablet formulation In order to optimise the agglomeration process, one tablet
foit.iulation (2.5 mg) for each binder was produce%gnd the effect of binder on the chemical stability of
Compound | was evaluated. The composition of tHése tablets is given in table 9, and the

manufacturin%é%pr cess, was.similar to the one described above. WO
2009/1352¢5 FHH0GFEG 15785 9H6R S Batch composition of film-coated tablets with 7

different bindersBaititsiz 8 10:980trbisis)Sertth 2mnasostng redightseranule size is

achieved.

Sieve the wet granules.
5 Dry the granules in a tray dryer at 50°C, until the product has a relative humidity

(RH) of 25-55%RH.
Sieve the dried granules.

Mix the granules with microcrystalline cellulose, croscarmellose sodium and tale in a mixer.
Ad magnesium stearate to the mixer and mix.

10 Compress the granulate into tablets on a tablet compressing machine.

Film-coat the tablet cores in a film coater, using the process parameters given in table 3.

Table 3 Equipment and process conditions for the coating process

15 A flow diagram of the manufacturing process and process controls is shown in figure 6.
Unexpected effects of binder in the tablet formmulation |
In order to optimise the agglomeration process, two different tablet formulations was
produced and their effect on the chemical stability of compound of formula T was evaluated.
20 The composition of these tablets is given in table 4, and the manufacturing process,

Equipment Load Spray rate Inlet air Inlet air Outlet air
(2) (/min) flow (m*/h) | temp. (°C) | temp. (°C)
Compu Lab 157 | 1360-1500 | 10 500 60 58

was similar to the one described above.




% w/w (per tablet core) % w/w (per tablet core) % w/w (per tablet core) % w/w (per tablet core)
Formulation no.: 1 2 3 4 Tablet core:  Compound of foirnula 1 succinate 3.33 3.33 3.33 3.33 Calcium

hydrogen BH{bspaES48hhydrous 40.66 40.66 40.66 40.66 Maize starch 2685 BE288945938720.33
Pregelatin zed starch 5.0

27

Table 4 Batch composition of film-coated tablets with 2 different binders (Baich size 10,600

tablets)

Strength 2.5 mg

Ingredients % wiw (per | % wiw (per
tablet core) | tablet core)

Tablet core:

compound of formula I 2.67 2.67

succinate

Calctum hydrogen 40.66 40.66

phosphate, anhydrous |

Maize starch 20.33 20.33

Copovidone 3.3 0.0

Maltodextirin 0.00 3.35

Water, purified’ - -

Cellulose, microcrystalline | 26.0 26.0

Croscarmeliose sodium 3.0 3.0

Talc 3.0 3.0

Magnesium stearate 1.0 1.0

Weight of tablet core 125 mg

The use of copovidone as binder leads to tablets with better pharmaceutical technical
5 properties, e.g. the cabability of producing harder tablets with low loss on friability without

compromising the disintegration time, as demonstrated n table 5:



0.0 0.0 0.0 Hypromellose 0.0 5.0 0.0 0.0 Povidonc 0.0 0.0 5.0 0.0 Methylcellulose 0.0 0.0 0.0 5.0

Water, purified - - - Cellulose, microcrystalline 25.2 25.2 25.2 25.2 Croscaiinellose sodium 3.0 3.0 3.0
3.0 Talc 15O 2005/135495 PCT/DK2009/030107

28

Table 5 Comparision of pharmaceutical technical data for tablets containing compound of

formula I succinate with the composition given in table 4

Copovidone Maltodextrin

Applied Friability Disintegration { Applied Friabtlity

compression | (%, w/w) time compression | (%)

force (N} force (N)

86 0.14 44 sec 36 0.69 43scc

108 0.16 Imin 14 sec |47 0.51 Imin 13sec
120 0.18 Imin 52sec 51 0.43 Imin 42sec
130 0.22 2min (9sec 59 (.23 Imin 59sec

Furthermore, the difference in binder lead to surprising stability differences as demonstrated
5 intable 6.

Table 6 Decomposition of compound of formula I succinate, in formulations where

maltodextrin and copovidon are used as binder, composition of tablets given in table 4

Treatment Total decomposition (%} of compound of formula T
Copovidone Maltodextrin

Initial analysis <0.05 <0.05

Afier autoclavation 0.51 1.1

80°C for 48 hours 0.99 2.0

80°C for 120 hours 1.4 37

40°C/75%RH for 3 <0.05 <(1.05

weeks

60°C for 3 weeks 0.95 1.41

10 Example 5 Preparation of immediate release film-coated tablet intended for oral
administration 11

Pharmaceutical Development

A study of the compatibility of the excipients and Compound T demonstrated that the

components used in the tablet formulation were compatible with the compound. Based on



1.5 1.5 1.5 Magnesium stearate 1.0 1.0 1.0 1.0 Weight of tablet core 100 mg WO
2009/135495PCT/D1(2009/050107 33 Table 10 cont., Batch composition of film-coated tablets with 7
different bide8YBEE#Size 10,000 tablets) Strength 2.5 ma a IngredientsP@siiwegpeosatset core) %
w/w (per tablet core) % ini/w (per tablet core) Formulation no.: 5 6 7 Tablet core: compound of
formula 1 succinate 3.33 3.33 2.67 Calcium hydro%%n phosphate, anhydrous

this, a traditional wet granulation, tabletting and film-coating process was developed using
standard methods and excipients.

Description of Drug product

Compound 1 is formulated as immediate release film-coated tablet intended for oral
5  administration. Tablets containing compound of formula I in this example arc made in two
strengths, 2.5 and 5 mg. The product containing compound of formula I is a white film-
coated tablet encapsulated in a brownish red hard capsule. Other strengths, such as 2, 3, 4, 6,
7,8,9,10, 11, 12, 13, or 14 mg, may be prepared in the same manner,
Composition
10 The compositions of the tablets 2.5 mg and 5 mg are given below in Table 7.

Table 7 Composition of tablets 2.5 mg and 5 mg (calcium phosphate formulation)

Quantity per Unit Reference to
IName of Ingredient Function Standard *
2.5 mg Smg
DRUG SUBSTANCE
Compound I, succinate 3.333mg  [6.667 mg |Active ingredient {In-house spec.
Corresponding to Compound I 2.5 mg Smg
EXCIPIENTS
Tablet core:
Calcium hydrogen phosphate,  ¥0.000 mg  |80.000 mg {Filler Ph.Eur,
anhydrous
Maize starch 20.000 mg }40.000 mg |Filler Ph.Eur,
Copovidone 5.00 mg 10.00 mg |Binder Ph.Eur.
Water, purified” q.S. q.8. Granulation liquid|{Ph.Eur.
Celiulose, microcrystalline 26.17mg 5234 mg [Filler Ph.Eur.
Croscarmellose sodium 3 mg 6 mg Disintegrant Ph.Eur.
Talc 1.5mg 3mg Lubricant Ph.Eur.
Magnesium stearaic 1 mg 2 mg Lubricant Ph.Eur.




40.66 40.00 40.66 Maize starch 20.33 20.00 20.33 Sucrose 5.0 0.0 0.0 Copovidone 0.0 5.0 0.0
Maltodextrine 0.0 0.0 3.35 Water, purified' - - Cellulose, microcrystalline 25.2 26.2 26.0 Croscatiellose

sodium 3.0V93B®PLFRE1.5 1.5 PCT/DK2009/050107
30
Quantity per Unit Reference to
IName of Ingredient Function Standard '

2.5 mg Smg

‘Weight of each tablet core 100 mg 200 mg

Film-coating:
Cpadry Y-1-7000 white

consisting of:

Hypromellose (5 mPa.s.) [.563mg |3.126 mg |Film former Ph.Eur.
Macrogol 400 0.156 mg  {0.312 mg |Plasticizer Ph.Eur.
Titanium dioxide (E171) 0.781 mg  {1.562 mg |Pigment Ph.Eur.
Water, purified” q.5. q.S. Solvent Ph.Eur.

Weight of each film-coated tablet102.5 mg  |205 mg

Magnesium stearate q.S. q.S. Lubricant Ph.Eur.

" The current pharmacopocia 18 used

* Volatile material

The batch compositions for a representative batch size of 10,000 tablets are presented in

Table 8.



3.0 Magnesium stearate 1.0 1.0 1.0 Weight of tablet core 100 mg 100 mg (5. 125 mg b 5The use of
copovidone as binder (Formulation No. 6) leads to tablets with good pharmaceutical technical
properties¥OG8(EItR%e long disintegration time permitting the tablets to HelshaHIR/8H HY whole
tablets (as demonstrated in table 10) and acceptable stability data (as demonstrated in table 11): WO
2009/135495PCT/DIC2009/050107 34 Table 10 cimparison of pharmaceutical technical data for
tablets containing compound of formula | succinate with the composition given in table 9 Pharm.

Technic ta_VWeight of the tablet caore Hardness Friabijlity (16 min) Disintegration (sec.) Form. 1 100
g 46N CS38 1 BT RON NG SO SIS0 EUA BoHbb g 0,000 o)

Strength 2.5 mg 5mg

Ingredients Quantity | % w/'w (per Quantity | % w/w (per tablet
(g) tablet core) (g} core}

Tablet core:

Compound of formula I 33.33 3.333 66.67 3.333

succinate

Calcium hydrogen 400.00 40.000 800.00 40.000

phosphate, anhydrous

Maize starch 200.00 | 20.000 400.00 20.000

Copovidone 50.0 5.60 100.0 5.00

Water, purified’ q.s. - q.s. -

Cellulose, microcrystalline | 261.7 26.17 523.4 26.17

Croscarmellose sodium 30 3 60 3

Talc 15 1.5 30 1.5

Magnesium stearate 10 1 20 1

Weight of tablet core 100 mg 200 mg

Film coating:

Opadry Y-1-7000 white 25 2.5 50 2.5

Water, purified’ q.s. - q.s. -

Weight of film-coated 102.5 mg 205 mg

tablet

Manufacturing process and process controls is as in Exampie 4.

A flow diagram of the manufacturing process and process controls is shown in figure 6.

Unexpected effects of binder in the tablet formulation I1

In order to optimise the agglomeration process, one tablet formulation (2.5 mg) for each
binder was produced and the effect of binder on the chemical stability of Compound T was
evaluated. The composition of these tablets is given in table 9, and the manufacturing

10 process, was similar to the one described above.



48N 0.5% 35 Form. 4 100 mg 53N 39 Form. 5 100 mg 63N - 45 Form. 6 100 mg 37 N 0.5% 112
Form. 7125 mg 36 N 0.7% 43  Some differences in the stability of the products containing different
binders calY®et8&dpst?Stable 11 (next page). WO 2009/135495PCT/D1(Z6GGMR04WABE Table 11
Decomposition of compound of formulation | to 6 - different binders are used, composition of tablets
given in table 9 Treatment Total decomposition (/03)20f API Form. 1 Form. 2 Form. 3

Table 9 Batch composition of film-coated tablets with 7 different binders (Batch size 10,000

tablets)
Strength 2.5mg
Ingredients % wiw (per | % w/w (per | % w/w (per | % w'w (per

tablet core) | tablet core) | tablet core) | tablet core)

Formulation no.. 1 2 3 4
Tablet core:
Compound of formmulal | 3.33 3.33 3.33 3.33
succinate
Calcium hydrogen 40.66 40.66 40.66 40.66
phosphate, anhydrous
Maize starch 20.33 20.33 20.33 20.33
Pregelatinized starch 5.0 0.0 0.0 0.0
Hypromellose 0.0 5.0 0.0 0.0
Povidone 0.0 0.0 5.0 (.0
Methylcellulose 0.0 0.0 0.0 5.0
Water, purified’ - - - -
Celiulose, 252 25.2 25.2 25.2
microcrystalline
Croscarmellose sodium | 3.0 3.0 3.0 3.0
Tale 1.5 1.5 1.5 I.5
Magnesium stearaie 1.0 1.0 1.0 1.0
Weight of tablet core 100 mg




Form. 4 Form. 5 Form. 6 Initial analysis ND ND ND ND ND ND Autoclavation 0.43 0.44 0.94 0.51 0.99
0.53 80C for 48 hours (open) 80C for 48 hours (closed) 2.6 5.33.21.79.75.23.42.01.41.95.45.9
80C for 124 hetf¥1@5HEn) 80C for 144 hours (closed) 5.0 2.7 6.8 4.5 PCT/DK2009/050107

33

Table 10 cont., Batch composition of {ilm-coated tablets with 7 different binders (Batch size

10,000 tablets)

Strength 2.5mg

Ingredients % w/w (per % wiw (per tablet % w/w (per tablet
tablet core) core) core)

Formulation no.. 5 6 7

Tablet core:

compound of formula | 3.33 3.33 2.67

I succinate

Calcium hydrogen 40.66 40.00 40.66

-| phosphate, anhydrous

Maize starch 20.33 20.00 20.33

Sucrose 5.0 0.0 0.0

Copovidone 0.0 5.0 0.0

Maltodextrine 0.0 0.0 3.35

Water, purified’ - - -

Cellulose, 25.2 26.2 26.0

microcrystalline

Croscarmellose 3.0 3.0 3.0

sodium

Talc 1.5 1.5 3.0

Magnesium stearate 1.0 1.0 1.0

Weight of tablet core | 100 mg 100 mg 125 mg

5 The use of copovidone as binder (Formulation No. 6) leads to tablets with good
pharmaceutical technical properties, e.g. a relative long disintegration time permitting the
tablets to be swallowed as whole tablets (as demonstrated in table 10} and acceptable stability

data (as demonstrated in table 11}



20.09.06.63.82.65.112.7 2.9 40C/75% RH for 1 week 40C/75% RH for 3 weeks 40C/75% RH for 6
weeks 40C/75% RH for 10 weeks 40C/75% RH for 12 weeks 0.17 0.18 0.25 0.30 0.33 0.18 0.28 0.30
0.36 0.36 3v&2003435448 0.70 0.80 0.25 0.30 0.35 0.38 0.41 0.17 0.25 0.3BTXBXKO069BG1B270.31 0.41
0.66 0.75 60C for 1 week 60C for 3 weeks 60C for 6 weeks 60C for 10 weeks 60C for 12 weeks 0.59
1624353.70551524363.81.13.56.29.610.30.611.62.53.94.20.280.480.881.21.40.69
1.8 2.9 4.6 5.0 ND = Not detected WO 2009/135495PCT/DK2009/050107 36 Table 11 cont.,
Decompoi!(_séir{?i%?]éf compound of formulation 7, in formulation where maltodextrin is used as binder,

ﬁgtgpéﬁ}%qpmftg}mg@%%qﬁﬂ defthnical data for tabiets containing compound of

composit
formula I succinate with the composition given in table 9
Pharm. Weight of the | Hardness Friability (16 | Disintegration
Technical data | tablet core min) (sec.)
Form. 1 100 mg 46 N 0.5% il
Form. 2 100 mg 50N 0.6% 22
Form. 3 100 mg 48N 0.5% 35
Form. 4 100 mg 33N - 39
Form. 3 100 mg 63 N - 45
Form. 6 100 mg 37N 0.5% 112
Form. 7 125 mg 36 N 0.7% 43

Some differences in the stability of the products containing different binders can be seen in

5 table 11 (next page).



Binder Maltodextrin (fol t 7) initial analysis <0.05 After autoclavation 1.1 80C for 48 hours 2.0 80C for
120 hours 3.7 40C/75%RH for 3 weeks <0.05 60C for 3 weeks 1.41 5Example 6 Preparation of
immediate¥Y&l2a&EbEdtad tablet intended for oral administration |1l Pharm&&SUREIPIIEAIGPMent A
study of the compatibility of the excipients and Compound | demonstrated that the components used in
the tablet formulation were compatible with the compound. Based on 10this, a traditional wet
granulation, tabletting and film-coating process was developed using standard methods and
excipients. Description of Drug product Compound | is formulated as jimmediate release
fim-coatd i dC ARORERE o b SEAHE S AR b aTHOREThBOGRE GFTdFa L in this

example @argoagiennhiwndkbspiesgtisaBld @nd 5 mg. The product containing compound of formula I is

a white film-_coated tablet encapsulated in a brownish red hard capsule Qther strengths, such as 2, 3,
4,6,7, 8,9, laO, 11, 12,13, or 14 mg, may be rtepdedivptiiersgmefm@nner. Composition The
compositiphs SRS tabletg 25 g afwelrb. thg are~grren belowrnrriable]12-and. 30 Tablet3:6 WO
2009/135 +l9,?_P'iCT/DIC2 )Ggll;\lk)BGl 37-Fabte-12 CN}bII[JUDi fon f!:t)abicla Z'SNIEHU at cium
phosphate ioliaaTsibe YrS)'r?\ Name of Ingredient Quantity per Unit EUACtON

Autociavation 0.43 0.44 .04 0.51 0.99 0.53

80°C for 48

hours {open) 2.6 3.2 97 3.4 1.4 54

80°C for 48

hours (closed) 53 1.7 5.2 2.0 1.9 59

BO°C for 144 5.0 6.8 20.0 6.6 26 12.7

hours {open}

B0°C for 144 27 45 9.0 3.8 5.1 29

hours (closed)

40°C/75% RH

for 1 week 0.17 0.18 0.25 0.25 0.17 0.32

40°C/75% RH

for 3 weeks 0.18 0.28 0.34 0.30 0.25 0.31

40°Ci75% RH

for 6 weeks 0.25 0.30 0.43 0.35 0.35 0.41

40°CI75% RH

for 10 weeks 0.30 .36 0.70 0.38 0.54 0.66

© o,

40°CI75% RH | 5g 0.36 0.80 0.41 0.60 0.75

for 12 weeks

60°C for 1 0.59 0.55 1.4 0.61 0.28 0.69

week

60°C for 3 186 15 35 16 0.48 18

weeks

60°C for 6 2.4 24 6.2 25 0.88 20

weeks

BO°C for 10 35 36 96 3.9 1.2 46

weeks

60°C for 12

weeks 3.7 3.8 10.3 4.2 1.4 50

ND = Not detected



Reference to Standard' 2.5 mg 5 mg DRUG SUBSTANCE Compound I, succinate Corresponding to
Compound 1 3.333 mg 2.5 rug 6,667 mg 5 mg Active ingredient In-house spec. EXCIPIENTS Tablet
core: Calcitifd HpdregeétF phosphate, anhydrous Maize starch Copovidone War@Kpififiée@ Tellulose,
microcrystalline 40.000 mg 20.000 mg 5.00 mg g.s. 26.17 mg 3 mg 1.5 mg 1 mg 100 mg 1.563 mg
0.156 mg 0.781 mg 40.000 mg 20.000 mg 5.00 mg g.s. 22 83 mg Filler Filler Binder Granulation liquid
Filler Disintegrant Lubricant Lubricant Film former Plasticizer Pigment Ph.Eur.

Table 11 cont., Decomposition of compound of formulation 7, in formulation where

maltodexirin is used as binder, composition of tablets given in table 9

Treatment

Binder Maltodextrin (form. 7)
Initial analysis <0.05

After autoctavation i1

80°C for 48 hours 2.0
80°C for 120 hours 3.7
40°C/75%RH for 3 <(.05

weeks

60°C for 3 weeks 1.41

5 Example 6 Preparation of immediate release film-coated tablet intended for oral
administration 111

Pharmaceutical Development

A study of the compatibility of the excipients and Compound I demonstrated that the
components used in the tablet formulation were compatible with the compound. Based on
10 this, a traditional wet granuiation, tabletting and film-coating process was developed using
standard methods and excipients,

Description of Drug product

Compound I is formulated as immediate release film-coated tablet intended for oral
administration. Tablets containing compound of formula I in this example are made in two
15 strengths, 2.5 and 5 mg. The product containing compound of formula I is a white film-
coated tablet encapsulated in a brownish red hard capsule, Other strengths, such as 2, 3, 4, 6,
7,8,9,10, 11, 12, 13, or 14 mg, may be prepared in the same manner.
Composition
The compositions of the tablets 2.5 mg and 5 mg are given below in Table 12 and

20 Table 13:



Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. 3 mg 1,5 mg 1 mg
100 mg 1.563 mg 0.156 mg 0.781 mg Croscam ‘el lo se sodium Talc Magnesium stearate Weight of
each table¥Vddr8UikFrEHating: Opadry Y-1-7000 white consisting of HyproREelase2(89mials.) Macrogol
400 Titanium dioxide (E171) Water, purified2 g.s. g.s. Solvent Ph.Eur. WO
2009/135495PCT/D1(2009/050107 38 Name of In%edient Quantity per Unit

Table 12 Composition of tablets 2.5 mg and 5 mg (calcium phosphate formulation)

Quantity per Unit Reference to

Name of Ingredient Function Standard '

2.5 mg Smg

DRUG SUBSTANCE
Compound I, succinate 3.333mg  |6.667 mg |Active ingredient |In-house spec.

Corresponding to Compound I 2.5 mg 5mg

EXCIPIENTS

Tablet core:

Calcium hydrogen phosphate, $#0.000 mg |40.000 mg |Filier Ph.Eur.
anhydrous

Maize starch 20.000 mg [20.000 mg {Filler Ph.Eur.
Copovidone 5.00mg |5.00mg [Binder Ph.Eur.
Water, purified” q.s. q.s. Granulation liquid|Ph.Eur.
Cellulose, microcrystalline 26.17mg  |22.83 mg [Filler Ph.Eur.
Croscarmellose sodium 3 mg 3mg Disintegrant Ph.Eur,
Talc 1.5 mg 1,L5mg Lubricant Ph.Eur.
Magnesium stearate I mg 1 mg Lubricant Ph.Eur.

(Weight of each tablet core 100 mg 160 mg

Film-coating:

Opadry Y-1-7000 white

consisting of:

Hypromellose (5 mPa.s.) 1.563mg }1.563 mg [Film former Ph.Eur.
Macrogol 400 0.156 mg [0.136 mg |Plasticizer Ph.Eur,
Titanium dioxide (E171) 0,781 mg j0.781 mg |Pigment Ph.Eur.

Water, purified” q.S. q.s. Solvent Ph.Eur.




Function Reference to Standard ' 2.5 mg 5 mg Weight of each film-coated tablet Magnesium stearatc
102.5 mg g.s. 102.5 mg g.s. Lubricant Ph.Eur. The current pharmacopoeia is used Volatile material
Table 13 CBthpissitidF ot tablets 2.5 mg and 5 mg (lactose fo Name of IngCianEesttitoper Unit
Function Reference to Standard' 2.5 mg5 mg DRUG SUBSTANCE Compound I, succinate
Corresponding to Compound | 3.333 mg 2.5 mg 6.667 mg 5 mg Active ingredient In-house spec.
EXCIPIENTS Tablet core: Lactose Maize starch C%%ovidonc Water, purified2

Quantity per Unit Reference to
Name of Ingredient Function Standard '
2.5 mg 5mg
‘Weight of each film-coated  |102.5mg [102.5mg
tablet
Magnesium stearate q.S. q.8. Lubricant Ph.Eur.

" The current pharmacopoera 1s used

Y Volaiite material

Table 13 Composition of tablets 2.5 mg and 5 mg (lactose formulation)

Quantity per Unit Reference to

Name of Ingredient Function Standard '

2.5 mg 5mg

DRUG SUBSTANCE
Compound I, succinate 3.333mg  |6.667 mg |Active ingredient {In-housc spec.

Corresponding to Compound [ 2.5 mg Smg

EXCIPIENTS

Tablet core:

Lactose 39330 mg  [39.330 mg {Filler Ph.Eur.
Maize starch [5.000 mg [15.000 mg |Filler Ph.Eur.
Copovidone 3.35 mg 3.35mg |Binder Ph.Eur.
Water, purified” .. Gq.s. Granulation liquid[Ph.Eur.
Cellulose, microcrystalline 34.99mg  |31.65mg |[Filler Ph.Eur,
Croscarmellose sodium 3 mg 3mg Disintegrant Ph.Eur,
Magnesium stearate 1 mg I mg Lubricant Ph.Eur.
Weight of each tablet core 100 mg 100 mg

Film-coating:




Cellulose, microcrystalline Croscannellose sodium Magnesium stearate Weight of each tablet core
39.330 mg 15.000 mg 3.35 mg g.S. 34.99 mg 3 mg 1 mg 100 mg 39.330 mg 15.000 mg 3.35 mg g.s.
31.65 mg G MF4B0 mg Filler Filler Binder Granulation liquid Filler DiRftEFaMYG8#ant Ph.Eur.
Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Ph.Eur. Film-coating: WO
2009/135495PCT/D1C2009/050107 39 Name of Irg redient Quantity per Unit Function Reference to
Standard 1 2.5 mg 5 mg Opacity Y-1-7000 white consisting of Hypromellose (5 mPa.s.) Macrogol
400 Titantr-choxide~(EL+L)-Waterpyrified2

Quantity per Unit Reference to

Name of Ingredient Function Standard '

2.5 mg 5mg

Opadry Y-1-7000 white

consisting of:

Hypromeliose (5 mPa.s.) 1.563 mg  |1.563 mg [Film former Ph.Eur.
Macrogol 400 0.156 mg  |0.156 mg {Plasticizer Ph.Eur,
Titanium dioxide (E171} 0.781mg  |0.781 mg |Pigment Ph.Eur.
Water, purified” q.5. gq.s. Solvent Ph.Eur.

Weight of each film-coated tablet|102.5mg  [102.5 mg

Magnesium stearate q.S. q.s. Lubricant Ph.Eur.

" "T'he current pharmacoposis 18 used

2 Volatile material



Weight of each film-coated tablet Magnesium stearatc 1.563 mg 0.156 mg 0.781 mg qg.s. 102.5 mg g.s.
1.563 mg 0.156 mg 0.781 mg g.s. 102.5 mg g.s. Film foiier Plasticizer Pigment Solvent Lubricant
Ph.Eur. Ph.Eur. Ph.Eur. Ph .Eur. Ph.Eur. he current p lannacopoma is use 2 Volatile material 40
CLAIMS 'What is claimed is: 5 1. Use of
trans-4-((IR,35)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine or a pharmaceutically
acceptable salt thereof in the manufacture of a me ftament for the treatment of a cognitive symptom
of schizoph@‘}%{gf patient. 2. The use of claim 1, wherein the pharmaceutically acceptable salt of
trans-441R,35)-6- I0chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine is a succinate salt. 3. The
use of claim 2, wherein the succinate salt is a crystalline hydrogen succinate salt. 4. The use of
claim 1, w ai1 ighcef mhg qwsaceutically acceptable salt of trans-4-((JR,35)-6-
15chloro-3-phienylindan-1-y1)-1,2,2-trimethylpiperazine is a malonate salt. 5. The use of claim 4,
wherein the malonate salt is a crystalline hydrogen malonate salt. 6. Use of

'V'a”S"‘s(('Fiz3@é@'C&*ﬂ°?9&%59!1&O)@,i%%‘éﬂx?é:%&a%ﬁ%m&myﬂ%@I%Hlﬁiﬁ{eﬂl QRharnacedfically
acceptable salt thereof for the preparation ot a medicament for treating cognitive impairment _

associated withhsemgesyticaHia 1cImsbls a3hathaieof in the manufacture of a medicament for the

treatment of a cognitive symptom of schizophrenia in a patient.

2. The use of claim 1, wherein the pharmaceutically acceptable salt of trans-4-((/R,35)-6-

10 chloro-3-phenylindan-1-yl}-1,2,2-trimethylpiperazine ts a succinate salt.
3. The use of claim 2, wherein the succinate salt is a crystalline hydrogen succinate salt.

4. The use of claim 1, wherein the pharmaceutically acceptable salt of trans-4-((1R,35)-6-
15 chloro-3-phenylindan-1-y1}-1,2,2-trimethylpiperazine is a malonate salt.

5. The use of claim 4, wherein the malonate salt is a crystalline hydrogen malonate salt.
6. Use of trans-4-(({R,35)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine or a

20 pharmaceutically acceptable salt thereof for the preparation of a2 medicament for treating

cognitive impairment associated with schizophrenia (CIAS) in a patient.

25

30



25 41 7. The use according to any of claims 1-6, wherein the patient has been diagnosed with a
cognitive impairment. 8. The use according to any of claims 1-6, wherein the patient has
first-episode 5schizophrenia.

41

7. The use according to any of claims 1-6, wherein the patient has been diagnosed with a

cognitive impairment.

8. The use according to any of claims 1-6, wherein the patient has first-episode

5 schizophrenia.



