TI TLE METHODS FOR TREATI NG DI SORDERS USI NG NVDA NR2BSUBTYPE SELECTI VE
ANTAGONI ST BACKGROUND OF THE | NVENTI ON [ 0001] Extensive studies over the

past twenV 2)WA8180aye i ndicated that NVDA receptors pl B¢TAR290982¢hnt rol e

in Al zheiner's disease (AD), Parkinson's disease, and pain sensation. The
clinical devel opnment of non-sel ective NVDA receptor antagonists in general
has, however, been limted by unfavorable siteeffects, such as

hal | uci nations. [0002] In the early 1990s, it was found that multiple NVDA
receptor subtypes exist, which contain different NR2(A-D) subunits. NR2B
subunit containing receptors have been inplicated in nodul ating functions,
such as | earning, nenory processing, attention, enotion, nood, and pain
perception, as well as being involved inpgygunber of human disorders.

[ 0003] Conpounds sel ectively targeting the NR2B subunit contai ni ng NVDA
receptors are generally known. For exanple, U S. Patent No. 7,005, 432

di scl oses a broad D I i &g ﬁgﬁms ' q@ﬁ% gatives
that are NVDA recévgtﬁor Sg%(\lfé%'%ﬁ %&i%g%}%ﬁ flﬁfAWg?gAsa' to be
useful in the therapy of I'sorders. drscloses al the dosage can
vary within wide limts. In the case of oral adm nistration, the dosage is
in the range of about 0.1 nyBp&lKGROAPEDIQF FHFMNVIENDTION per day of a

ppor 11 15 aagtoBk 5 Sedisdaver B perhieny e five Biebatec bR [ o004
bi ndli ng, - and.{ e B e e e ar it
i s not possi bl ds¢age,@mnd vy sensatighal hexetnieal davelpproértiod npwiselactie- WyiDAlazi ne
derivative WOurlo.egepl?oer a%fta]:g%%}sitsvi%'gégma\g, Qo:we-:l;'léllg, blelé'r\llll?irl\nrﬂe%y unfavorable side-
effects, such as hallucinations.
10 [0002] In the early 1990s, it was found that multiple NMDA receptor subtypes
exist, which contain different NR2(A-D) subunits. NR2B subunit containing
receptors have been implicated in modulating functions, such as learning,
memory processing, attention, emotion, mood, and pain perception, as well as
being involved in a number of human disorders. ‘
15 [0003] Compounds selectively targeting the NR2B subunit containing NMDA
receptors are generally known. For example, U.S. Patent No. 7,005,432 discloses
a broad variety of substituted imidazol-pyridazine derivatives that are NMDA
receptor subtype selective blockers, which are said to be useful in the therapy of
CNS disorders. It discloses that the dosage can vary within wide limits. In the
20  case of oral administration, the dosage is in the range of about 0.1 mg per dosage
to about 1000 mg per day of a compound of general formula I of U.S. Patent No.
7,005,432, although the upper limit can also be exceeded when this is shown to
be indicated.
[0004] Due to various factors, such as gastro-intestinal absorption, plasma-
25  protein binding, and the ability of compounds to pass the blood-brain-barrier, it is
not possible to predict in what amount a specific imidazol-pyridazine derivative |

would be effective.



[ 0005] The present invention provides a nethod for treating, preventing, or

anel i orat.i ng a di sease or condition by inhibiting NR2B subunit contai ning
NVDA r eceBPeP®1IR3B subunit containing receptors have BEEEP2MS(0PR4t ed in

nodul ati ng functions, such as |earning, nmenory processing, attention,
enotion, nood, and pain perception, as well as being involved in a nunber
of human di sorders. Such disorders include, Xor exanple, cognitive

i npai rment, neurodegenerative disorders, such as Al zheinmer's disease and
Par ki nson' s di sease, pain (e.g., chronic or acute pain; neuropathic pain,;

post - operative S%R?mﬁn%w&mﬁ tion deficit hyperactivity disorder,

and addi cti on. I nvol ves the use of

5- (3-di f | uor orf@008}| THe priesemt invehtiory pjovles a method for treating, preventing, or
(2-nmet hyl -im dazogl -1 -yl -methyl)-pyridazine, which is represented by fornula
(1) bel ow. phéﬂ?ﬁl@@ﬁ%@eﬂl?%%&@ﬁﬂ&&@@&h@l@ﬁ&‘% subwpbeontppiBLer abl y, t he

anount of the Fm: sk i - tabl e
salt that is aﬁm ni g%&g?tggs or t%]lgm@irtéﬁ%@#@@é}ﬁﬂ%ﬁ%%@@ p\f{rlﬁgttggﬂgbout 50
ng per day5 Theoduddtalg fdactionscehk astearting, ankmorygiresessingattention, enmwitiodj vi ded
doses. Such daily, treat.nent anount or, total .daily. dose naydgﬁ from about 5
my to about 45“‘?‘%1,"“? BHR REERGPURN. 2 el 23 bsing mvolyef infg pnbis o humany { o about

30 ng, from abudded gih dRoRRes inchraeBr et Sk akRHiti i bout 20 ng,
from about 14 ng to about f8 rrg,ncfrg’m gﬂgout 15 %}ntvé%gggﬁﬁ?g ng or any

range anong alneursidegdnerailyedisordes, suctaandlzheimdEsrdiseasmpidelarkinsordsi | y

treatment amoupt is fraom about .2 about 5 .about 6 ny, about 8 ng or
about 10 g t G PAIRZe g SRR At BRI, DeioPhic PR RASRPErIEV kA pout 18
ng, about 130 '&pre@ﬁ@h{tattgﬁtiéfgdeffﬂﬂ(}%e?agtiﬁgl digbrdeRaHd addicti®h. | n particul ar,
thedaily treatnent anmount is from about ng, or about 4 ng to about 20 ng,

about 25 ng, dP0CHolhis zethag inyolyesthe Pse ot i diftprarhethyl-Mfluarg-phenyl)-3- s

phar maceuti cal ept: > .sal ' be.adm ni.stered orally in a formof a
phar maceut i calé)c{%&ﬁ Slﬁl?%r??é rrpnt;x?tgfl% 8y1[1$1|aézme, which'is represenledyby t%rmula?{)

below:
F = N \N YN
L 1)

X N

F (D, ora
15  pharmaceutically acceptable salt thereof.
[0007] Preferably, the amount of the compound of formula (I) or its
pharmaceutically acceptable salt that is administered for the treatment is from
about 2 mg to about 50 mg per day. The total daily dose may be administered as
single or divided doses. Such daily treatment amount or total daily dose may be
20  from about 5 mg to about 45 mg, from about 6 mg to about 35 mg, from about 8
mg to about 30 mg, from about 10 mg to about 25 mg, from about 12 mg to about
20 mg, from about 14 mg to about 18 mg, from about 15 mg to about 18 mg or
any range among all of the above-listed amounts. For example, the daily
treatment amount is from about 2 mg, about 5 mg, about 6 mg, about 8 mg or
25  about 10 mg to about 12 mg, about 14 mg, about 15 mg, about 16 mg, about 18
mg, about 20 mg, about 25 mg, about 30 mg, or about 35 mg. In particular, the



conpound of forrmula (I) or its pharmaceutically acceptable salt in the
desired anmpunt and the appropriate carrier. [0009] The subjects to be

treated iWORYMEBice with the present invention are hufaAEPHBOIBH The

phrase "pharmaceutically acceptable” is enployed herein to refer to those
conpounds, materials, conpositions, and/or dosage forms, which are, within
t he scope of sound nedical judgnent, suitabl® for use in contact with the
ti ssues of human bei ngs without excessive toxicity, irritation, allergic

response, or other problemor conplication, commensurate with a reasonable

benefit/risk 1 . ' . ' I bl
calts" refor 1 oparAaL ablovFis R ADRLE e, praBBATERE Al ol FEBRATC T

conpound i s no2f migeer dbputiBkingg sal ts thereof. Pharnaceutically acceptable
salts, in part] ar acid addjtjon salts, .can be manufactured_ according to
met hods, whi chlﬂﬁﬁél he fpmpeyndef foppulahyar it phamnagayticadly aesepiabls sadlgmay, t he

art. Lists of guj biuriRa s ' '

Sci ences, - 17t roernleieriP ety 3 £ e B bR AonpoRliRh TRERHLisE U,

t he di scl oslur ecamfiponinid offi formule (IR byits plesmacsuicaldly iyceptablersahbdethe[defite] As used
herein, the "total daily dose". or "daily treatnment amount” refers to the

total amount ofMPYR apd &Pﬁ&%ﬁtq%ﬂrﬂﬂr a (1) and/or its pharmaceutically
accept abl e sal fooboy e 8alsTEY B 6 @EhtdM fnMcBordarkd the@?éagleegn_v+yi houl d be

understood that treatnment by admnistration of the t ai ose or
dai |y treat menhumansunt in accordance with the present invention does not

require that thi 1 nj strat.ion occur,,on a i)y basis,, but. only that the
anount admi ni s{bgigﬁ%ﬂlﬁphraﬁi-waﬁe@ﬁfﬁy ?féelx’/\t)fadﬁﬁi #‘?"P@W@t}éﬁrelﬂéﬁ’f #8se
range. Fori(exaiBseconigtRinds, YatEmals Q@n@@miehsstaﬁa/@fid&%géromﬁvah&h%@er day, or
at other intervals. BRIEF DESCRI PTION OF THE DRAW NGS [0013] FI G 1. shows

pl asma concent Withindhe s of seusidrmoedical andgmmant, sutade forowsa deeantant vatksthof  t he
conpound of f Oﬁ&ﬂxl:saot(hltﬁna%tgeﬁiég%tﬁo&?&c%lssﬁ‘\?e x%rity,q%'i:tation, allergic response,

or other problem or complication, commensurate with a reasonable benefit/risk
ratio.

15  [0011] As used herein, “pharmaceutically acceptable salts” refer to derivatives of
the disclosed compound wherein the parent compound is modified by making ’
salts thereof. Pharmaceutically acceptable séﬂts, in particular acid addition salts;
can be manufactured according to methods, which are known per se and familiar
to any person skilled in the art. Lists of suitable salts are found in Remington’s

20  Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, Pa., 1985,
p. 1418, the disclosure of which is hereby incorporated by reference.

[0012] As used herein, the “total daily dose” or “daily treatment amount” refers
to the total amount of the compound of formula (I) and/or its pharmaceutically
acceptable salt to be administered within a 24-hour period. It should be

25  understood that treatment by administration of the total daily dose or daily
treatment amount in accordance with the present invention does not require that
this administration occur on a daily basis, but only that the amount administered
in a 24-hour period be within the total daily dose range. For example, the drug

may be administered daily, every other day, or at other intervals.



sanpl es from six individual subjects. Subjects were treated with da}ly o
dosages of 8 of the bis HO salt of the conpound of faornula (I or
consgcutﬂygzﬂ 818Ad sanpl es were taken as indicated atPFFﬁ%EMQ%F%?IdOSing
on day 8. [0014] FIG 2. shows representative slices of continuous arteri al
spin |l abeling (CASL) perfusion inmages froma single subject. [0015] FIG 3
Is a chart show ng gl obal regional cerebralh blood flow (rCBF) for the whole
brain region acquired in the continuous arterial spin |labeling inages. Bars
on the left, mddle, and right correspond to placebo, 8 ng, and 15 ng of

adm ni stered bis HO sal mnﬁf pr—lgptﬁ pectively. [0016]
FIG 4 shows how adm ni s;%lgttfon 0 theI@(tl)\l]ts) H séﬁtwo conpound of formul a
(1) increasefd018BFIGH . shewsaplasna ooncentratidnataed shebrospmal fivid' (GSErs brai n'
projections thresholded for statistical significance for clus S across
Che. whol o br piseatatss oa seamaun A Gumuiahokaeed from Bpsts e E & ed

si gni fi cancesJifIss fBm e irdiNgha sibiBis Bub écté@@%lt&ta?edi\ﬂgg?aigy&‘éﬁ Qe th
Statistical Paranetric Mapping software {SPM v5.0); an c)” cluster val ues
extract edd an8 myg off the HisddChssdtref thercorspamdanf dormnula (B faf8 ¢dusesntiandaysBar s on

the left, mddle, d right of .FI.G, 4 respond to placebo, 8 ny, and
e v et o 28 SR I el ofh e el SERRRp Ry B £SO © O
respect i vel y (0d19P ¥l FshowSrephRuitaiV et ePb AéchtiiBN s BHBHaD{RR Bbbdnd! O] ect i ons

showing the statistically significant clusters of activation during _
retrieval i n(€ASLPp¢rfustonisages fowsa siegle subjgett ask (PAL) after administration

f pl b ‘ . d wer. nel 8 0 i sal f. conmpound
of Formia ([9SREREls Eart HeTind BB rseiRelterhral vlood o SR oty oad
of conpolnd eHe Wieslebtain fdglor( dcqgitéd inthe €ontiHudué Séal B?iﬂqaﬂelingﬁﬁ@gést ively.
Upper imges_are fromthe left and | ower inmages are from above. [0018] FIG

6 shows doseBrsgpdhe tefh middls, ane right somespond {9 Blacehen 8 me; and 45 ctive
brain regi ongydididdh R 1EE1 stV UbipBiind SEorRhia (I)ﬂéggécqi’veﬁpd right

[0016] FIG. 4 shows how administration of the bis HCI salt of compound of

formula (I) increases rCBF in the anterior cingulate shown on (a) ‘glass brain’

15  projections thresholded for statistical significance for clusters across the whole
brain at p<0.05 (voxel threshold p<0.001); (b) overlayed significance maps on the
single subject T1 template image provided with Statistical Parametric Mapping
software (SPM v5.0); and (c) cluster values extracted and plotted as means and
standard errors of the means. Bars on the left, middle, and right of FIG. 4 (c)

20  correspond to placebo, 8 mg, and 15 mg of administered bis HCI salt of
compound of formula (I), respectively.

[0017] FIG. 5 shows glass brain maximum intensity projections showing the
statistically significant clusters of activation during retrieval in the Paired
Associates Learning task (PAL) after administration of placebo (left: upper and

25  lower panel), 8 mg of bis HCI salt of compound of formula (I) (middle: upper and
lower panel), and 15 mg of bis HCI salt of compound of formula (I) (right: upper
and lower panel), respectively. Upper images are from the left and lower images
are from above.

[0018] FIG. 6 shows dose response curves for the activation contrast in

30  respective brain regions as indicated. Points on the left, middle, and ri ght

correspond to placebo, 8 mg and 15 mg of administered bis HCl salt of

compound of formula (I), respectively. Data are extracted from activation



correspond to placebo, 8 ng and 15 ng of adm nistered bis HCI salt of
conmpound of formila (1), respectively. Data are extracted fr

activati o‘ﬁﬁ(ﬂ)‘f SR qur i 1 ng retrieval in the Paired Assocﬁ)gfrlggz?_%@?%“hg t ask
(PAL). VLPFC in FIG 6 refers to ventrolateral prefrontal cortex. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0019] One of the major challenges in treating
CNS diseases is to identify the dose range &f a drug resulting in the
concentration in the brain sufficient to produce a therapeutic effect while
avoi di ng unacceptabl e side effects. The present invention nmeets this
chal | enge and t cor
aneliorating ﬁﬁ%ﬁgﬁn éﬁ%&#ﬁho g&i?‘ﬁ%&glt%ﬁ%h}ﬁ@&&ﬁéﬁ?tvggﬁt ai ni ng
NVDA r ecept or sn BYGaiirefers $d eeritrojateral prefronahcortexneed of this treatnent an
effective anount. of the conmpound of fornula (1): pharmaceutically

acceptabl e salt thereof. [0020] Preferably, the anmobunt of the conmpound of
formula (1) or its phar n]BEEAHlEDIIDESGRDEIH(EbOF "HEENVENTIKB\I adm ni stered

for the treatnent is from about 2 to about 50 per .day. The tot aI
dai |y dose may0%l-Ens of the sraser Cé@“%‘Pg?@ prbtregting; AN éusewg issto idgriry the |

treat nent ano hg%ak bout 45 ,
from about § lﬂ'&e 1%5%8% é‘ élMtlI?gﬁleth rg{%ﬁg%%qgggﬁufs%c&& t@f fom aboz?
10 ng to aboutpr&ﬁlcerg thérapnmabﬂbct \&lﬁld@/oumnghmﬁceﬂﬁblegxdefdffemsamhut 14 ng to

about 18 ng, from about, 15 0 ut 18 ny .range ng all of the
above- | i st ed XRTERLEVention ny Se&’aﬁ r%mf‘g%%ﬁ?#éﬂi’e g? 9's from about

2 ng, 5ng, a gabout 14
ng, about 15 qn%tdﬁn%gg% erfté}f?é)ng‘b‘:r agleggratlﬁg a%@é,}%ae %r&tomtltoﬂ b’s)’%gbltﬂ%Z ngy, about

30 ng, or abowsub@st ¢optaining pﬁm&manprstﬂyaddanﬂsgermgwa hemian émoeadtofitsisf r om
about 2 or_a t o abou about or about 30
[0051] G”g{)ané’iegr? Efﬂg%ivﬁ a&?&"& 86@?ngm8wﬁj?%f§§ﬂ¥nﬁt@ in tﬁe namr"rrgl i an

central nervous system (CNS) and nedi ajs neurQtransmi Ssi on across
nostexcitatory synapseB. Three cl as of\gl uta ted ion channels,
al pha- am no-

F (I),ora
pharmaceutically acceptable salt thereof.
[0020] Preferably, the amount of the compound of formula (I) or its
pharmaceutically acceptable salt that is administered for the treatment is from

15  about 2 mg to about 50 mg per day. The total daily dose may be administered as
single or divided doses. Such daily treatment amount or total daily dose may be
from about 5 mg to about 45 mg, from about 6 mg to about 35 mg, from about 8
mg to about 30 mg, from about 10 mg to about 25 mg, from about 12 mg to about
20 mg, from about 14 mg to about 18 mg, from about 15 mg to about 18 mg, or

20  any range among all of the above-listed amounts. For example, the daily
treatment amount is from about 2 mg, 5 mg, about 6 mg, about 8 mg, or about 10
mg to about 12 mg, about 14 mg, about 15 mg, about 16 mg, about 18 mg, about
20 mg, about 25 mg, about 30 mg, or about 35 mg. In particular, the daily
treatment amount is from about 2 mg, or about 4 mg to about 20 mg, about 25

25  mg, or about 30 mg.
[0021] Glutamate is the main excitatory neurotransmitter in the mammalian

central nervous system (CNS) and mediates neurotransmission across most



3- hydr oxy- 5- net hyl - 4-i soxazol epropionic acid (AVPA), kainate and N nethyl -
D-aspartate (NVDA) receptors, transduce the post-synaptic Si

gnal . __NVDA
recept or YRR Rdant ,  ubi qui tously distributed througﬁSEfEP Ha/opz24l n,
fundamental to excitatory neurotransm ssion and critical for normal OCNS

function. Two types of NVDA receptor subunits exist, NR and NR2(A-D),

whi ch conmbine to form functional NVDA receptors with different
characteristics dependent upon the type of NR2 subunit they contain. The
different NR2 subunits display different regional distribution in the CNS.

[0022] Hi stor ie‘i@i'tdt%ﬁ?' esﬁtgﬁus%;i ‘g ' @'clagﬁs‘é%kgﬂﬂﬁﬂéte- tneggé\?vn glﬁJéﬁtEFS' Yignd¥Rfho-

ant agoni sts has su ow t herapeuti c
mechani sm r el 3tlgdiraXys5 snatkyled-isex 4znlepbifiBnis abidy(AMB A), dainiatecaridNDAnethyl-

ant agoni sts, however tentiall re advant agequs. [0Q23]. Conpounds
el ot vel y t avgurls (NDRRsEbisbeHersBioh 138 BERG HBLE pleBhs D Aener al |y
known. For exagRbfors hteabulidingUbiiRtoudly Mkwithiéd HirsegHaaehedrilhoad variety of

substituted inm dazol -pyridazine derivatives that are NVDA receptor subtype
sel ecti ve bl odumtamyentdlite bxatatory acgrotrandpassisreding criticat for npotmaldflySof CNS

di sorders. It discloses that sage, can vary w thi ] | qits. In the
case of oral ég?ﬁ%r?lnstsﬂra“éﬁ'imﬁs ?MéﬁPP&Mﬁ?%ﬁ@mﬁ&%%%l ng per
dosage to aboujhidPEdnbRe B forfPfineioral Nmn_tte&tpw‘rs 9RRaSi fibrehOéHIcterlstied  U. S.
Pat ent No. 7,005, 432, although the upper Iimt can also be exceeded when

this i s shown depemsieni ypoindhe tape obINR2 snubynit theysontain. oFlke diffgrdmt HR2
gastro-intestinal .absaorpt k. | asmaprot el n bi ndi and the ability of
conmpounds to 65 %m%k@s%éf)yo%g@f)eflgf%}%grfhisé’r%,uﬂf)? 1 glez’ggs'possi ble to predict in
what anmount a [0022]i Historicailgane thimyili daclopmestasfinoaiseletivONMDAe ef fecti ve.

[ 0024] The conpound of fornula (1) in accordance with the present invention
i s an NVDA NR2Btagomistshas sefifered by @ lowithagensutic wingevpduetoapechanisgorelaiehi ng t he

NR2B subuni t Ry s{3E e tIPNREH ﬁl%t)Lp% SEREN AMITA faﬂﬁ%ljligﬂ,shm%%%n afe

| ear ni ng,
potentially more advantageous.

[0023] Compounds selectively targeting the NR2B subunit containing receptors
15  are generally known. For example, U.S. Patent No. 7,005,432 discloses a broad
variety of substituted imidazol-pyridazine derivatives that are NMDA receptor
subtype selective blockers, which are said to be useful in the therapy of CNS
disorders. It discloses that the dosage can vary within wide limits. In the case of
oral administration the dosage is in the range of about 0.1 mg per dosage to about
20 1000 mg per day of a compound of general formula I of U.S. Patent No.
7,005,432, although the upper limit can also be exceeded when this is shown to
. beindicated. Due to various factors, such as gastro-intestinal absorption, plasma-
protein binding, and the ability of compounds to pass the blood-brain-barrier, it is
not possible to predict in what amount a specific imidazol-pyridazine derivative
25  would be effective.
[0024] The compound of formula (I) in accordance with the present invention is
an NMDA NR2B subtype selective antagonist. NMDA receptors containing the
NR2B subunit have been implicated in modulating functions, such as learning,
memory processing, attention, emotion, mood, and pain perception, as well as
30  being involved in a number of human disorders. Such disorders include, for
example, cognitive impairment, neurodegenerative disorders, such as

Alzheimer’s disease and Parkinson’s disease, pain (e.g. chronic or acute pain;



menory processing, attention, enotion, nood, and pain perception, as well
as being .invaolved in a nunber of human di sorders. Such disorders

| ude,
for exanpwg,m?%]dmsgi ve inpairnment, neurodegenerative di SSF@@F@?MQ"(}% ;se

Al zhei ner' s di sease and Parki nson's di sease, pain (e.g. chronic or acute
pai n; neur opat hi ¢ pai n; post-operative pain), depression, attention deficit
hyperactivity disorder, and addiction. [0025] According to the present

i nvention, an appropriate daily dose range of the conmpound of forrmula (I)
or its pharmaceutically acceptable salt resulting in the concentration in

brain suffici . ﬁ%ﬁ%ﬁ” hd iR e pt abl e
side effects ﬁiaa{su gg]ﬁé%gﬁﬁ% PIZ% Thedl@égﬁgﬁﬁgon\ggﬁtéaﬁoﬁﬁﬁshﬂ dﬁ?ﬁﬁg@ at

such dose r anglsorder, dndwsddictionof brai n areas known as retrieval network,

which is of i ance i.h engodin nd retrieval of. ry. Therefore, it
has appl | cabi NPR4P); AearRE e B RN VAR Garl i A Prob o E 40K ose FRtrcr Bt o, o
sel ective i ncrgapsuhdoPRiruf (@ ofs pHafnaRuUBELIR aceégisbik 841Bres@liih g kn Wet hout  a
gl obal effect on brain perfusion has been shown by the present invention.

The anteri 6r coneantratien insbrairkswffidiemido iprodhice therapebnefféct midlelavaidingri t h rol es
in nmonitoring behavj and adapif i to, f eed k or conf,lict. ncan and
onen (2000) " Satatas1aBls SRRt Wt fiehfREh T Rt PR Do i aor se
cogni tive denghélfulatdd andsh Neseransd the ictidd 2f Brin ardhSidRIw Ririedhl al . (2004)

The role of the nmedial frontal cortex in cognitive control. Science 306:
443-7]. The amelrorks which iqebimnerienerjin eaceding padsetagval af memony, dhergferei n pai n

responses, no . L Pai Lon interactions in
subr egi ons of q?‘%aesaagﬂ lr%‘g‘{ﬁ?%‘?gﬂ thgeg/t?%gfhe'&é? Q’g%el%/euﬁléusr g@ga}sgg?%@%aﬁe? gRecent _
studi es i n0m gelettivt iBdteascingifusioh of tHetantdior Myighl b edBtex Ubithiut 8 globaint eri or

ci ngul ate nedi ated pain refug_onses [Wei et al. (2001), Genetic enhancenent of
i nf | ammat ory p%ﬁ;eﬁt 95 brapy pesfusion harbpeensshomandyr the eresent ingantione Theanteriors

Lo 0 SOl el Lapiolol S SN IRGRRRGSRETL 0
25: 11107- 16] .behadercahd ddagingtobfeadtack ontaiflict{Puncan and Owen (2000)
_ Common regions of the human frontal lobe recruited by diverse cognitive
15  demands. Trends Neurosci. 23: 475-83; Ridderinkhof et al. (2004) The role of the
medial frontal cortex in cognitive control. Science 306: 443-7]. The areas of and
around cingulate cortex are also important in pain responses, mood, and emotion.
[Vogt (2005) Pain and emotion interactions in subregions of the cingulated gyrus.
Nat Rev Neurosci 6:533-44]. Recent studies in mice indicate a central role for
20 NMDA NR2B subunits in anterior cingulate mediated pain responses [Wei et al.
(2001) Genetic enhancement of inflammatory pain by forebrain NR2B
overexpression. Nat. Neurosci. 4: 164-9; Wu et al. (2005) Upregulation of
forebrain NMDA NR2B receptors contributes to behavioral sensitization after
inflammation. J. Neurosci 25: 11107-16]. Indeed, NR2B subunit containing
25  NMDA receptors are thought to be critical for long term potentiation in the
cingulate cortex and may therefore have a more general role in contextual
emotion memory [Zhao et al. (2005) Roles of NMDA NR2B subtype receptor in
prefrontal long-term potentiation and contextual fear memory. Neuron 47: 859-
72]. Such anterior cingulate is rich in NR2B subunit containing NMDA receptors.
30  Therefore, the compound of formula (I) and pharmaceutically acceptable salts

thereof have applicability in the treatment of pain and depression.



NVDA receptors are thought to be critical for long termpotentiation in the
cingul ate cortex and may therefore have a nore general role in contextual
em)?i on r’?@ﬂﬁ?g?/l[lﬁwao et al. (2005) Roles of NVDA NR2B SHSF%%OOP@%ﬂ or in
prefrontal |ong-term potentiation and contextual fear nmenory. Neuron 47:
859- 72]. Such anterior cingulate is rich in NR2B subunit contai ni ng NVDA
receptors. Therefore, the conpound of fornmul& (1) and pharmaceutically
acceptabl e salts thereof have applicability in the treatnent of pain and
depressi on. EXAMPLE | [0026] A doubl e-blind, placebo-controlled, random zed,
single, and mggkhmmE pjal dose study was conducted in order to determ ne
safety and tolerability of the bis HO salt of conpound of fornula (1) in
heal t hy young @A26le Adinubie-blinsi, placeho-Tondradled dpndmmized sihgle, @dd multiple opalr t s.

0027] Part 1 i sed dina oindl e o bed pares.
48 young i o CUBRREY Sres MRSy o Pheimpe Rt TG Rd d fiys Y 1
i nvesti gat e t hgCeédlEesticonipohR@Ef formiula (2) MHERIthy $Sln@hnd SR sBjetid! trhel e

dose, sequential group study in 24 young mal € subjects and an ascendi ng
si ngl e and Srul stigyl wasiennducted inubva patts. gr oup study in 18 el derly subjects (10

mal es and 8 fe Sh.Ssubjects. .On _each. dosi occasi o t he subj ect

recei ved a si n@ﬁéﬁcgﬁgﬁé@%‘ﬁ e&iaﬁia%%e“pﬁ‘é“bgzﬁ?%ﬁ?r %ﬁqgergt%&ﬁo[up i'PREr t he
bis HO salt ofoung e subjedts, itdoipdrating d tvo6-pBlied Qs érdrn taaneetikate #5s -
Treatnents were _adnmnistered orally with 240 ml water while the subjects
were in a starfffasyoboeft Par 2 qoowrispd amascending mudtiple floses seausntiplezeumas

noni t or ed throifggpt t . | 1 .S . ons were
observed and el ilﬁ ezé %%gghggs@ﬁ%éé%%dﬁyégg?nﬁ%sﬁﬁ%}gg@??@ﬂﬁ@é@%’uch as "How
have you Heen deqadritiatgoiupcruidydn 18etderllyaabjeas KEbimaleSuid gﬁlﬁal\e@)r?bjﬂcfsod
encouraged to report spontaneous]y any adverse events during the study.
[0029] Any adveR §&hednstig-ocspsion thajrubrechilieraiiied hiipgle capailcieqntainng that ur e,

time of onset,,puiatOinodlSf SRNG h Vis HREISafl OF LORPAEH o ABMmEh (g al | Y

significant

microcrystalline cellulose. Treatments were administered orally with 240 ml
water while the subjects were in a standing position.

15 [0028] The condition of each subject was monitored throughout the study. In
addition, any signs and symptoms were observed and elicited at least once a day
by open questioning, such as “How have you been feeling since you were last
asked?” Subjects were also encouraged to report spontaneously any adverse
events during the study.

20 [0029] Any adverse events or remedial actions were recorded. The nature, time
of onset, duration, and severity were documented. Any clinically significant
abnormalities found during the course of the study were followed up until they
returned to normal or could be clinically explained.

[0030] A serious adverse event is defined as any untoward medical occurrence

25  that at any dose either results in death, is life-threatening, requires inpatient
hospitalization, or prolongs existing hospitalization, results in persistent or
significant disability/incapacity, and/or results in a congenital anomaly/birth
defect.

[0031] Important medical events that may not result in death, be life-threatening,

30  or require hospitalization may be considered to be serious adverse events when,

based upon appropriate medical judgment, they may jeopardize the subject or



abnormalities found during the course of the study were followed up until
they returned to nornmal or could be clinically explained. [0030] A serious
adverse e¥@H'I3Kefined as any untoward medical occurr EREEPRHPORE any
dose either results in death, is life-threatening, requires inpatient
hospitalization, or prolongs existing hospitalization, results in
persistent or significant disability/incapagity, and/or results in a
congenital anonmaly/birth defect. [0031] Inportant nedical events that may
not result in death, be life- threatening, or require hospitalization nay be

consi der ed 1 0 g Ak ORI AN SR MG 1o AT HEGFURRRORRT | 2L

nmedi cal j udgne require medical or
surgi cal mterdeeartbedl@uto@msevent one of the abovedescrl bed out cones. [0032]

The results of the study showed that the bis HC salt of compound of
formula (1) wd8034r Thessylts of the study shevesd thatthe pistE bepltaf cymﬁgndmt es as

i ngl I I 5 d
10" 0oy, Chnd iR D s Rl Rl tlerfi il Mdeh G 8Bl BRRE infle P, 2"
Simlarly, st hmrhld@séﬁf@abtwoﬁg ciacindingdingle Hral dodesof 2,)5,and lf)mg);iaxtdo be very

wel | tolerated e ered to_elderly nal es and fennl es as S|n
oral doses of Tt 1??9 0431%) e Aays) PEUR Oy Wﬁdé@bémﬂlaﬂl&yg’ﬁb&? to 3

my twi ce dai | Yaurbatipbid dig8RRuR (D %%Mto'um #fi folEMRALSnaRS Teport ed

t hr oughout the study, e Nno serious Or severe a verse events
and no subj ectadwanmsisteredd rehdmlyanales arelsfetninlesfas suhglerarel dmemd)f‘s,lp foHemeg, alr e no

tt d t el ect di t
ol T ow ng 51 ngnetBle g1 dasEi GvBUEHAG) PhUs BLAEEGHIE B! gh KYbEKEBes ShoavPLE 2
[0033] A qgumxﬂaﬂ?ﬂy‘ ld ad RECRRNGEWHsTEp IR tBiouSNoWaRe §t9 Yhd ?rﬁ:ré G'eljegncheal thy

volunteers to invéstigate the role of° NVDA receptor B subunit selective
ant agoni sm on SCOQUS arisgeere aﬁwsmnarmdmewubpthwnwawa asgaieultad Wit h

adverse events. There were no apparent trends in the vital signs and
electrocardiogram (ECG) parameters following single or multiple dosing in

young or elderly subjects.

15 EXAMPLE 2
[0033] A double blind, placebo controlled study was conducted in 19 healthy
volunteers to investigate the role of NMDA receptor NR2B subunit selective
antagonism on cognitive functions and neurophysiology as measured with
magnetic resonance imaging (MRI). This study utilized functional MRI to

20  determine changes in regional cerebral blood flow (rCBF) and the putative
modulation of neural networks during performance of cognitive tasks by the
subjects after they were administered the bis HCI salt of compound of

formula (I).

Experimental Procedure
25  [0034] The 19 healthy male volunteers who participated in this study were
scanned using functional magnetic resonance imaging (fMRI) whilst performing
cognitive tasks (including the PAL task described below in more detail) designed
to measure associative leamning, sustained attention, and episodic memory. These
tasks were repeated on three study days two hours prior to the fMRI session. On
30  these three separate occasions, the participants received a capsule containing

either placebo (microcrystalline cellulose), 8 mg, or 15 mg of the bis HCI salt of



magneti c resonance imaging (MRI). This study utilized functional MR to
determ ne changes in regional cerebral blood flow (rCBF?R and t he ﬁut ative
modul at i oNOGPYEBAl net wor ks during performance of cogRIT{EP00PA44I41 hy t he
subjects after they were adm nistered the bis HCO salt of conpound of
formula (1). Experinmental Procedure [0034] The 19 healthy nal e vol unteers
who participated in this study were scannedij@si ng functional magnetic
resonance inmaging (fVMRI) whilst perform ng cognitive tasks (including the
PAL task described below in nore detail) designed to neasure associ ative

| ear ni ng, sustaj ' ' | ot e
repeat ed on tﬁ?é@gg{xcﬁéﬁlﬁ?@b%m@ﬂgﬁa?gﬁg@%@éﬁ‘ﬁ;&{wﬁgx g%ﬁ?%‘é‘%@@o%mgm t hese
t hr ee separ at Dwingahe MR stdsionp diettaskis pwené presanted inedrapdomirzed loadet anéachni ng

ei ther placebo (mcrocrystalline cellul ose%, 8 ng,. or 15 of the bis HC
salt of conpourtPiGet; NBWVRTATathe ydes gesigned ayasghen ipgdhgczo hege s8Iyt o0 al |
partici pants.

00 4D . .
random zed or 5%# q'dtﬂ(%' éggﬁ 1iﬂl¥ﬁ#rg§§ﬁr§t&g\t’§esg§w:a gﬁ?ﬁrreggé %ﬁaﬁéﬁ@%ﬁ%ﬁtﬂg{eﬁen
mai nt ai ned5acreatesinglthe tdaneer, sndity irstrasiiansyverddeeated paior pr eachitask being he
tasks was offered to tgﬁ particmnts before entering the scanner, and the
i nstructions RSFAMREhWHHSN the GANRES: cach task being performed whilst in the
scanner. Paired Associate Learning (PAL) [0035] This task required | earning

of stimulus-| gGabd ARsGIsOTednim\@AL)nitially, six distinct patterns
appeared on the screen, one by one in a pseudorandom order. Each pattern

appear ed in a [0035] cFliatask sequited deaamiaig of stainnig-lot¢ation assmciatinns. dritiehyl. six\f t er

t he | ast patt%r.Q.V\ﬁétgeeveal ed, .the six patterns were then shown .one by one
in the centre ST FhRAELHS RC?IS?OP SCL% OWs.y%erlpiacﬁsﬁﬁ an O&B@ﬁﬁed to
each stinubus Ha¢h pRitériGppied RYSdiffetent RoafisiSaridRmARRdth&@B féMR se&drdeved to
be the original location. This cycle was presented twice nore with the sane

stimuli in the\figgtke laginatteahwas 1syealeds dhensik patieras pees them shavaeene byhere i n one

bllock of the tagl centre of the screen for four seconds. Participants responded to each

stimulus by moving the joystick towards the position they believed to be the
original location. This cycle was presented twice more with the same stimuli in

15  the same locations, but shown in a different order. Thus, in one block of the task,
participants had three opportunities (named A, B and C) to learn the locations of
the 6 stimuli. Overall, the task consisted of six blocks of stimuli, each time with a
new set of patterns. The control condition involved viewing a single stimulus
appearing in each location followed by the same stimulus appearing in the centre

20  of the screen accompanied by a grey circle highlighting the direction in which the
Jjoystick should be moved. The control condition was also presented six times,
controlling for the visual and motor requirements within the same framework as

the learning conditions. The total task length was 12 minutes and 12 seconds.

25  Imaging Procedure
[0036] Images were acquired on a 1.5T GE Excite HDx system (General
Electric, Milwaukee, Wisconsin). For all tasks a gradient-echo EPI sequence was
used with TE=40 ms, FOV=24 cm, and in-plane resolution of 3.75mm>
(matrix=64%). Thirty-eight axial slices with thickness 3mm (0.3mm gap)

30  approximately parallel to the AC/PC line were obtained. For the paired associates

learning task TR=3000ms. In addition, a high-resolution image was acquired



participants had three opportunities (naned A, B and C) to learn the

| ocations of the 6 stinmuli. Overall, the task consisted of six bl ocks of
stimuli, W87 with a new set of patterns. The cont PEI/ERSME0328h

i nvol ved viewi ng a single stinulus appearing in each |ocation followed by
the sane stinulus appearing in the centre of the screen acconpanied by a
grey circle highlighting the direction in which the joystick should be
noved. The control condition was al so presented six tinmes, controlling for
the visual and notor requirenents within the same framework as the | earning

conditions. The Agt-, 'D"Q;ff? L con | magi ng
Procedur e [Ooglg]]n%%%eegs&\ﬁgﬂa%&g}regoé@n)’gtl. ’%%%ng glZ‘i/estem
(General El ecthicknesdvithed.Grm, gap matrixsil 03 afid#d3 slidest Hsk smagegwadisedtto echo EPI

sequence was used with TE=40 ns, FOV=24 cm and in-plane resol ution of
3. 75m2 (mat r GRISERIE coneistEalion PRIRAMESHF-al slices with thi ckness 3mm (0. 3mm

gap) approx\ M@l Wbkl &gg@@ﬁ%ﬁ%@%&%wagqﬁfégﬁmgC?Jﬁﬂ{uow? paired

associates learning task TR=3 tion, resolution i mage
was acqui r @dusrtagalspinglabelsigdCASE) sequdncd Baniiitg®f a prevtidrmontifaMsAovy  3nm

slice thickness. with.0.3nm gap, trix=1282,.and 4 |l ices. This_ inage was
used to deter ﬁpxgn,agpaggslgmv {SFW%BQPSHE éFgr.‘t“[“@Bﬁﬁ f%ﬁé?@-?fh&ir&:gﬁbsti ng

perfusion ina : ' | | : eni i i ng
(CASL) sequencaniehBs fitha ihitayt e o i L b R o

i nver si on schené Dgtrd (19980 Multisestion 8eyebras bloogdifloweMBoindE8i) withgquatimmusi t h an
I nterl eaved stack .of. vari.abl lensi ty . SPJ s, acqui siti.on (Al so nd Detre
(1998) Ml ti - eaenyspinFhsling %&‘88%%2?6%9%- r%’g?’ﬁ%all\iﬁ ?‘lr}“@@r{ﬁ asbed arterial
spi n | abelpngusingdhiokxtniqaO sdhir iR FIGAD. EASIPhRfiR{on ifRgESardaaldithed usi ng

this technique is shown in FIG 2. CASL perfusion inmages are able to
del i neat e gr eylehraategrey andrivhite magierianst providle highytesolution quangificaticmef fi cati on

LN, . f Iy - di - |
encoding and. TSaRaEeg e Pt Ry U Fons Ay SRSt BRRE RN o

magnet i ¢ suscegidobi of thig multi-shot technique, and the refocusing of magnetic susceptibility

g

induced signal distortions, the maps of whole brain rCBF obtainable with this

15  technique are of good image quality and exquisite spatial resolution.

Preprocessing

[0038] For the perfusion images, brain volumes were first normalized into a

standard anatomical space (International Consortium on Brain Mapping - ICBM),
using affine registration and non-linear transformations. Normalization utilized a

20  single image to which all three CASL sessions were coregistered in order to
reduce the likelihood of preprocessing-dependent differences between the drug
and placebo session images. All images were spatially smoothed using a
Gaussian kernel full-width at half-maximum filter of 6x6x6mm to improve
signal-to-noise ratio and allow for inherent functional and gyral variability across

25  participants.

MRI Data Analysis

[0039] Image preprocessing and analysis were carried out using Statistical
Parametric Mapping software developed by the Functional Imaging Laboratory,
UCL, (SPM v5.0, www.fil.ion.ucl.ac.uk/spm/), running under Matlab 7.0.1, and a

30  blood oxygen level dependency (BOLD) was determined. BOLD changes to

cognitive tasks represent changes of neuronal activities of respective brain areas.



I nduced signal distortions, the maps of whole brain rCBF obtainable with
this technique are of good image quality and exquisite spatial resolution
PreproceégpgﬁmTU@QQ] For the perfusion inmages, brain voPGREP2E0822¢] st
normal i zed into a standard anat om cal space (lInternational Consortium on
Brain Mapping - ICBM, using affine registration and non-1linear
transformations. Nornalization utilized a sihgle inage to which all three
CASL sessions were coregistered in order to reduce the |ikelihood of

pr epr ocessi ng- dependent di fferences between the drug and pl acebo session

I mges. Al i i.al 3 ' Liag,; el
U wi dth ot AT e ISRl ettty S BB HEhaR IhekPUBRLE R RaiBlcal
rati o and al | dwesholding bestriotéd dnuithetbiasis af thergnendl regional hypothdsisyofdeains s

partici pants. MR ta Anal ysis [0039] | nmage preprocessing and anal ysis
were carried &Eﬁasﬁgfa’%@c‘@?aY' Mﬁ?gmmtﬂ%t&m\ﬁwrtm@&l@m gordevel oped by
t he Functi onal

www. fil.ion. ugfbg{égt%?lsa%m érﬂtrogﬁeng un eﬁ%h@g@u%e-ﬂ&eﬂwlginn(% oe{ bl ood oxygen

| evel depefdenéml/fBolDPmhiess dstdeto mingnlize Bl dontritartige ©f tvhite mgptiet regiortsask s

represent changes of neuronal activijigs.of respective brain areas.Entire
br gi n vol unme \R?gg’eaﬁ’?é‘y?’f °W§Yﬁ{g'mag%§§+sé{“eﬁl?ﬂ§‘£8 d}%ﬁ%ﬁ a,lteWQ’FrPaQF@tq sti cal
threshol di ng Iigatdgs _%@éivail? Ap?%agﬁﬁgg“@igh&ézﬂi&%ﬁ@dﬁas{s%reﬁeéd tB)pRGheesi s of

brain areas of particularly NR2B receptor subtype density and rel evant
for cogniti ve statistaead ereps of tie fokewnngi ¢ f uncti on. Absol ute threshol di ng of

15m /mn/l 00mM was used, to m.nimz he cantributi of ite tter
regions to the anaﬁysi _s.Arﬁfﬁ/\gf\\}g?{easreglrf%%?fiseafpefﬁwlflgntfﬁl?%"glﬂgIa S%T"}E’(?nr?gt
al ter thejpat tgd bis $ICIfshR dF Befip SIS \Eul AP (PRFAgaH Qvir S\RIgHMIad rhi)) 88in
contrasts were used to produce statistical maps of the follow ng: 1. Areas

of increased/ ¢8ester{sleee.perfusion foll owing adninistration of the bis H
sal't of compound o 101 LR, {1 hcleBNEIABRSbR Bk Bl To b S B b

8 mg of the bis HCI salt of compound of formula (I).
3. Areas of increased/decreased perfusion following administration of
15 15 mg of the bis HCl salt of compound of formula (T).
4. A dose response relationship between the bis HCI salt of compound
of formula (I) at 8 mg and 15 mg, ignoring the effect of placebo (orthogonal to

comparison 1)

Neuroimaging Analysis of Regional Cerebral Blood Flow
20  [0040] Global perfusion was first calculated using the continuous arterial spin
labeled perfusion maps, normalized to a standard space (ICBM) and skull-
stripped using the brain mask provided with Statistical Parametric Mapping
software (SPM v5.0). A lower cut-off for white matter was not used. The analysis
of the global perfusion values showed no difference across the three conditions
25  studied [F (2,34) = 2.62, P=0.77]; see FIG. 3.
[0041] The regional effects of the administered bis HCI salt of compound of
formula (I) on absolute perfusion were analyzed using SPM v5.0. At a threshold
of p=0.05 after correction for multiple comparisons across the whole brain, there

were no significant clusters where signal differed across the three conditions
30  studied.



effect of drug. 2. Areas of increased/decreased perfusion follow ng
admnistration of 8 ng of the bis HO salt of conpound of formula g ). 3.
Areas of WACPYAdRW decr eased perfusion following adm ni SCTEPRUROBI24N5 ng of
the bis HO salt of conpound of formula (I1). 4. A dose response

rel ati onship between the bis HCO salt of compound of fornmula (1) at 8 ny
and 15 ng, ignoring the effect of placebo (b3thogonal to conparison 1)
Neur oi magi ng Anal ysi s of Regi onal Cerebral Blood Fl ow [0040] @ obal
perfusion was first.cal culated using the continuous arterial spin | abeled

perf usi on mapli OQErﬁ@ljrﬁaql‘ngt éﬁoﬁoﬁﬂqgﬁ%r&aﬁéé‘iﬁ?t aé@r%t ﬁ&gl %E)%édﬂ ri pped

using the brain rovi ed w t tat1 st pi ng sof tware
(SPM v5. 0). Aekammatwmbf Twicél d}mngMBlaavmglebal\smahma prsedi to'lBee: moee ysi s of

t he gl obal perfusion val ues shovve fferenc acro he t hr ee
condi ti ons stl§€i‘?sa‘:*tb|"'°[*}ﬂaf1 ysisdaghniq nermalizg émﬂ’ISG Fringressedrhe

regional eff e%ggigfe)tf? IB%%ﬁﬂuﬁisﬁfaﬁ&?gf tlﬂb Bis €1 S df c%fnp%ﬁﬁ@@f"ﬁﬁ'mﬂfa (Iﬁ” mul a

(1) on absol ut u5|o wer e anal yzed using SPM v5.0. At a threshol d of
p=0. 05 aft&r oasiseatinadifaetemlistérpt the@enpaf thscansermccmgalatdmrmhol e brain,

condi tons. ot GaIRnE0EABRIN b Rar & 481 T Bt s AlceSERRBEL TS the ;Péﬁz
signal all OV‘B‘to%i‘cﬁHit@@ﬁﬂe%‘véhfdc@Gﬂlingcthé‘@%gén oelTatairiéh 41 BbBR&lx @wnal and

proved to be a nore sensitive analysis chni que. Using the nornalized maps
of r CBF, mcr@é@@dststegmic attais lof Wierynzeairtiraiins ThigmeoBtutsgart, 9 8B) in relatios 4 t  of

conpound of f was _see t ust er at the of the
anterior ci nggli’éar# d&f&‘”’%‘s‘?e SB%‘%C#&F%&@%@%W N&‘Viﬂ}m tlﬁ °BA25,
T=5.41, pfoorr &a&mm@@@ydéﬁﬁgde&alﬁrr@glgmsven accordi ng the system of

Tal ai rach and Tour neux (Copl anar_stereotaxic atlas of the human brain.

Thi eme, St utt ¢é43] "}ilg?glgyrepq;psrl@rgBFmrQ 47.5% for 8 mg and 17.9% for 15 mg of the
bis HCl salt of compound of formula (I). The two doses did not differ for this

region. FIG. 4 shows the location of the change in perfusion and illustrates the
size of the effect of the bis HCI salt of compound of formula (I).

15 [0044] Although the effect size for the cluster of increased rCBF shown in FIG.

4 was similar for both doses of the bis HCl salt of compound of formula (I),
separate analyses of each dose suggested that the effect was driven by the higher
dose. Direct comparison of the bis HCl salt of compound of formula (I) at 15 mg
with placebo revealed a highly significant cluster of increased rCBF in the same

20 region as the contrast of both doses against placebo (x,y,z = 8, 42, 10, BA25,
T=5.74, p(corr)=0.037). There were no clusters of voxels showing significant
decreases in rCBF with the bis HCI salt of compound of formula (I).

[0045] In relation to the contrasts specified in the MRI data analysis section the
results are summarized below:

25 1. Areas of increased/decreased perfusion following administration of
the bis HCl salt of compound of formula (I) (averaged over 8 mg and 15 mg): Main
effect of drug. An increase in perfusion was seen in the anterior cingulate (peri-
genual).

2. Areas of increased/decreased perfusion following administration of

30 8 mgof the bis HCl salt of compound of formula (I). No statistically significant

changes were seen presumably due to low sample size.



the standard i mage space of the 1CBM (MNIl 52). Brodmann areas refer to the
cytoarchitectonically defined brain regions. [0043] The increases in rCBF
were 17. 59Y02809/481%g and 17.9% for 15 ng of the bis HO F&MEPSOOBRAbund of
formula (1). The two doses did not differ for this region. FIG 4 shows the
| ocation of the change in perfusion and illustrates the size of the effect
of the bis HO salt of conpound of fornmula (4). [0044] Although the effect
size for the cluster of increased rCBF shown in FIG 4 was simlar for both
doses of the bis HCO salt of compound of fornula (1), separate anal yses of

each dose suggested that | V. ) ' . . DI ect
conparison of the (éi' S Hérte gs:?tflkérgg%:%grﬁggaé d&%%g%élr}ltjf?%o‘{#g qg{m@géﬁbon%f{ h
pl acebo reveallgdngofihgbisyHEL gt 6f coaipousidl o formutd (I). nat @rsede ifGRfrfiisiont he same

region as the contrast_ of bqth doses agai nst placebo (x,y,z.=8, 42, 10,
BA25, T=5.74, WASE8 -the anfenior cingiHate (porigenpadt Fhisds an area vigh in NMRAwi ng

significant d | : & 1y | . E&g}g lﬂ{kgp ornul a
(I). [0045] I E&{egﬁ)z?’iﬁ%ﬂln&f %&E%gwgéﬁltlégggdt%%%emﬁ?jl{lﬁt%t e N&I e??gai;nal ysi s
section thg raesnlous systemssuchias ATE det@pathic gain, Alepressiof, Radansasediselsey eased
perfusion foll ow ng gdrri nistration of the bis HO salt of conpound of

formula (1) (é%)él‘l&‘g‘& erd%‘tca%oW%{m?ni%a‘Pﬂj’)e: Main effect of drug. An
i ncrease in perfusigon V‘@Qdéﬁ,er@seﬁ sé Flﬁatﬁi?ﬁﬁ?'&fwgelnq ti@ﬁﬁ?l(sgﬁ_rolfg%}d@ﬁﬁd 2.
per 0 8

Areas of increased/ decrease usi on ow ng admnistration o ng of
the bis HO salfforafulzdypodimg and HSanguigvoring) the diffesttediplactba irthpgenamé f i cant

changes were seen pres | y due to | ow sanpl.e size.3..Areas o .
hor Sased! dec cOTBBRPRLY 0t SHEES: ViR BRE SRS SRR SRSt SRtihe bi s
HC salt qp coppawgfingd formula (T). An increase in perfusion was seen in

the anterior cingulate (peri-genual). This is an area rich in NVDA
receptors, whil@0d6)aEhexpsaificrpgion af e anterior ginghlatagartexanodulated by thens of t he

par ki nson ¢ oi-QER RS HEd sBE ntromm AR Kokl B o ERRLESFREe

inferiorly, shows strong connectivity with other forebrain regions, including the

medial wall of the prefrontal cortex, the ventral portion of the striatum, thalamus,
15  and posterior superior parietal lobule [Margulies et al. (2007) Mapping the
functional connectivity of anterior cingulate cortex. Neuroimage 37: 579-88].
Thus, tasks that recruit these connected regions may be sensitive to the effects of
the compound of formula (I) and salts thereof, including tasks where the core
process of valuation of a reward is important. This does not discount an effect on
20 mnemonic function as highlighted by research in experimental animals [Higgins
et al. (2005) Evidence for improved performance in cognitive tasks following
selective NR2B NMDA receptor antagonist pre-treatment in the rat.
Psychopharmacology (Berl) 179: 85-98], but shows a broader role for NR2B

receptor modulation.

25  Neuroimaging Analysis of Cognitive Task Networks
[0047] While the functional performance of subjects in PAL was unaffected by
administration of the bis HCIl salt of compound of formula (I), as expected for
healthy young subjects who frequently perform at an optimum level, the analysis
of the BOLD response 'revealed surprising findings: the activity of a number of
30  brain regions, known for their role as a memory retrieval network (e.g., posterior

parietal region, visual cortex, premotor cortex and ventrolateral prefrontal cortex



4. A dose response relationship between the bis HCO salt of conmpound of
formula (1) at 8 and 15 ng, ignoring the effect of placebo%éorthogonal
to conpaﬂWQ&Hmﬁy?ﬂﬁb changes were seen in the formal coRpAEPIYR8RAbss t he
entire brain volunme. [0046] The specific region of the anterior cingulate
cortex nodul ated by the adm nistered bis HO salt of conpound of fornula
(I') at the genu, extending inferiorly, showdsstrong connectivity with other
forebrain regions, including the nedial wall of the prefrontal cortex, the
ventral portion of the striatum thal amus, and posterior superior parietal

| obul e [ Mar gul 'aE]%l 5]{}@1 $f§ ' ' of
anterior ci ngmﬁ)ﬁ J%’%%r)e(.gglgéﬁ)rell nglgtgéle : Hggﬁﬂf u(s:?cgftq%gﬁisd t%llﬂgs%/ recruit
t hese connect eRreliginari andlpsis bEths effscts iof thet adntitisteedd tis HC1 chlt bheompoyndund of

formula (1) and salts thereof, includjng tasks where the core process of
val uation of a°ffewayla (Dssugsﬁ%ﬁiqssrsippenﬁwgma@égesastBQfI% sk duoedrrievsl on

menDni ¢ Unct iy 3t pilds 0Bt Sl of SHRRESNii BYRSICDFRINE) il TRl o

[ H ggins et al ence for Inproved performance 1 n cognitive tasks
fol |l ow ng $el estibcorticNREEohVIPAGT £ shpvoglassranponaxdmupr imtensiépprogedtions t he rat .

Feeapt or modul SOV TRstistALy T oAt §ERerort AEDuon GETR RO s
[0047] VI 1€ UBardiUGhiiaRl eRBIfpAEIRIGEL Yolfe? dlinffdiiuib oF Mlackisainal f ect ed

by adm nistration o e bis HO™ salt of conpound of formula (1), as
expected for hampet hryd loswen gamalhBeung of bis FICrsaly wé nompoynsk dfformueda (B fmagstié:num

act i vity of " YRARERT e PareD: A3 AeE Ohdio el of enoup ol ol RS, '
retrieval 1get Weight: @Ppér andAeWEEpAneI), R8pdcElal .Uggérqﬁ}agé/d & Honf Pell@Kandr enot or
cortex and ventrol ateral prefrontal cortex[VLPFC]), were selectively

i ncreased dur i leyer inaagss atefrommbeve Fugthemzgrg, Klgs kshows eercentration raspengsi s of
the effects of the adnpini ed bj -C] I f . 0 .0f. fo la (1)
suggest dose d“é‘g\é?nscféﬁtﬂei aﬁté%rragg)gecg n %s‘t E{&%‘s’%&ﬁ'ﬁg’ alﬁgﬁ%%rgéﬁrlfﬁscg{péﬁs

on the left, middle, and right correspond to placebo, 8 mg, and 15 mg of bis HCI

salt of compound of formula (I), respectively. Data are extracted from activation
15  patterns during retrieval in the Paired Associates Learning task (PAL).

[0048] The dose-dependent increase, by the bis HCI salt of compound of formula

(D, in activity of the memory retrieval network during the performance of this

cognitive task indicates a specific pharmacological effect relevant for the

treatment of Alzheimer’s disease and cognitive impairment.

20 EXAMPLE 3
[0049] The use of CSF sampling in drug development, to assess drug or disease
response, has increasingly demonstrated relevance. The value of CSF sampling
for the assessment of central drug penetration and measurement of bioactive
substances has long been acknowledged. Generally, CSF biomarkers enable

25  therapeutic candidates to be examined more effectively, exposing fewer people to
ineffective drugs and doses, and speeding the identification of effective therapies.
[0050] Lumbar punctures (LPs) are performed routinely in a variety of clinical
settings for diagnosis and therapy (as in intra-thecal delivery of anaesthetics,
analgesics and chemotherapeutics) (Roos (2003) Lumbar puncture. Semin.

30  Neurol. 23(1): 105-14). The cerebrospinal fluid is produced by the ventricles

(mostly the lateral ventricles) at a rate of 500 ml/day. Since the volume that may



in key cortical nodes of activation, with additional dose dependency in

subcortical regions. FIG 5 shows glass brain nmaxi mumintensit ro{ ections
showi ng tWQ 28PA1B8{i cal |y significant clusters of acti VQFF@WZQ%WF%(‘J
retrieval in the Paired Associates Learning task (PAL) after adm nistration
of placebo (left: upper and | ower panel), 8 ng of bis HO salt of conpound
of formula (I) (mddle: upper and | ower pangb), and 15 ng of bis HO salt
of conmpound of formula (1) (right: upper and | ower panel), respectively.
Upper images are fromthe left and | ower inages are from above.

Furt her nore, . | G I t4 vation
cont rast 1 r £ Sonined By ORGERF M Al GRRIRE i AR DT pI AR 4
m ddl e, and r itighes pepdayewmpaver)t exqekdiag lamoufitsiggttingnotolthe hipodf Thoss HCO sal t  of

conmpound of forrmula (1), respectively. Data are extracted from actiyvation
patterns duri ﬁ@nﬁ“&{oﬁlg gg?&’l tk{%‘pggﬁlée Yf%ﬂtg argysism igtosthe subaraghngid spage amda ) |

[0048] The doshnflyBERiHS Mo tRCYERIE sysit bRFvidis Soffelvha@dfla 'Qinke YHHR PdifideOf

formula (1), in act|V|gy of the nmenory Petrl eval network during the
per f or manc® ofthd ¢unsertragrontof Vargeratikoinsalilbla nedecal espeoetratingghtar the bulinognd: al

effect releva r the tr t_of. Al zhei ner'.s diseas nd cogpitive
e 1 rent - BBt (TR Bt e gl B e S th T O atEe Blshrront
to assess dr UCIfE PlRARBCcEIFHYSE 26(1)285ongr easi ngly denpnstrated

rel evance. The val ue of CSF sanpling for the assessnent of central drug

penetration al805idaOne bimehar punictieqer subject s perfouned omday $afireatment

acknow edged. erall CSF.bi rkers.enabl e the eutic.candi dates to be
exan ned m)re@%Pye{(}sf’?gﬁﬁg%&%ggtﬁﬁaﬁg CBE}?BP%é]?f)%PWgtaf@etlin edrugs and
doses, andospepshfiaghd 6T todeldiré ht@tdosingof effective therapies. [0050]
Lunbar punctures (LPs) are perforned routinely in a variety of clinical

settings for dP@¥pdodllsarenvas tkendgyevoiskeontamipetion efithe apllastad G sanarle
anacet et oo, AURREE: sty FISHE HERSHRAGE bn MBS LA
produced by t has leftthe carreda. Bloody taps were discarded.
[0053] Samples were aliquoted per time point for the measurement of compound
15  of formula (I) as follows: a 0.5ml CSF sample was aliquoted in empty dry
polypropylene tubes from the =5ml CSF collected at each scheduled time point.
[0054] CSF samples were stored immediately in an upright position at a
temperature of -70 °C or below until shipment. Compound of formula (I)
concentrations were measured by a specific and validated LC-MS-MS method.
20  Cerebrospinal fluid (CSF) penetration has been assessed in six healthy subjects
receiving 8 mg of bis HCl salt of compound of formula (I) daily for 8 days. As
shown in FIG. 1, CSF concentration of compound of formula (I) largely
corresponds to the free (unbound) plasma concentrations of such compound.
Such concentrations in the CSF have been extrapolated to estimate the extent of
25  occupancy of the NR2B subtype of the NMDA receptor. It was found that at
such daily dose of 8 mg of compound of formula (I) receptor occupancy is greater
than that, which corresponds to currently used therapeutic dosages of memantine
in Alzheimer’s disease. The selectivity of the compound of formula (I) and salts
thereof in combination with the good penetration of the blood brain barrier at
30  well-tolerated dosages according to the present invention provides a therapeutic

advantage.



(nmostly the lateral ventricles) at a rate of 500 ml/day. Since the vol une

t hat nmaybe contained by the brain is of the order of 150 m, it is
frequent IYORMWHBA (3-4 tines per day turnover), excee®CREPAMSOM2E! getting
into the blood. This continuous flow through the ventricular systeminto

t he subarachnoi d space and finally exiting into the venous system provi des
sonewhat of a "sink"™ that reduces the concentration of |arger

| i poi nsol ubl e nol ecul es penetrating into the brain and CSF (Saunders et al.
(1999) Barrier mechanisns in the brain, Il. I'mmature brain. Cin Exp

Phar macol Physiol. 26(2): 85-91). [0051] One | unbar puncture per subject
was performedIgnlf- w treatnent (daily dose of 8 ng of bis HCO salt of
t he conpound o OHTUL[ § inthe tinefrane of 3 to 4 hours after
dosing. [0052] Al care mas taken to avoi d contam nation of the collected
CSF sanpl e mnth bI nk

bl ood- cont am nat ed ﬁic?hl @uﬁuegq@tp?%\%gﬁ%@ Eﬁﬁ%&’%ﬁ?‘%ﬁgﬁg%ﬁ 0?\%1?‘%“% L ar ded.
[ 0053] Sanpl esnhibitia alle@mlﬁﬁhtpﬁhtaimﬂgNMDAtreé@itork BempHsiag hémbiistediig to
conpound of forrmula (I) as_follows: CSF sanple was aliquoted in

enpty dry pol yiesiopIigneed %%lshﬁrﬁmephetotslrﬁaﬂwpsecﬁpwepw %ﬁab@a&ﬁo Bhedul ed
time poi nt [ Q34 ﬁ{iﬂre Obﬁﬁ]f‘g%{)e stored i mediately in an upright

position a a tenpera C or below until shipment. Conpound of

formula (1) concentrations were measureg by a ecifipg and validated
LG M- M5 net hod. Cer ebfospi nal fl ui g*{CSF) Npenet as been assessed in
si x heal thy subjects receiving 8 ng fof bis||HO sa %;%orrpound of formul a

(I') daily for 8 days. CSF congent yAati on of conpound of
formula (1) largel yTCorre : saoun pl asma concentrations
of such conpound. Such co ions in the CSF have been extrapolated to
estimate the extent of ocgd of the NR2B subtype of the NMDA receptor.
It was found that at sge dose of 8 ngy of conpound.of formula (1)
receptor occupancy is great er than that, which correspon@s °f8 currently

used ther aDEUtﬂhﬁnm%ﬂ@@ﬂyQEcWEdlﬂmereof

2. The method according to claim 1, wherein the disease or condition is
cognitive impairment, a neurodegenerative disease, pain, depression, attention

10  deficit hyperactivity disorder, or addiction.

3. The method according to claim 2, wherein the neurodegenerative disease is

Alzheimer’s disease or Parkinson’s disease.
4, The method according to claim 2, wherein the pain is chronic or acute pain.

5. The method according to claim 2 or 4, wherein the pain is neuropathic pain

15  or post-operative pain.

6. A compound of formula (I):



in Al zheinmer's di sease. The selectivity of the conpound of fornula (1) and
salts thereof in conbination with the good penetration of the bl ood brain
barrier aWVORRIYUEW er at ed dosages according to the pres®&T/EPAYPRNPI24hH

provi des a therapeutic advantage.I N THE CLAIMS 1. A nethod of treating,
preventing or aneliorating a disease or condition by inhibiting NR2B
subunit containing NVDA receptors conprising adm nistering to a person in
need of such treatnent a total daily dose fromabout 2 to about 50 ng of a
conmpound of forrmula (I) : pharmaceutically acceptable salt thereof. 2. The
met hod according to claim 1, wherein the disease or condition is cognitive
i mpai rment, a neurodegenerative dis--'ef\ﬁqin, ion, attention
deficit hyperactivity [disorder, or § i t hod according to
claim 2, wherein the neurodegenerati imer's di sease or
Par ki nson' s diseasg. . 2, wherein the pain
is chronic or acute pain. according to claim2 or 4, wherein
post - operative pain. 6. A conmpound of
formula (1): pharmaceuti ga ezeptabl e salt thereof for treating,
preventing, or aneliorfating Tognitive inpairment, a neurldeganerative

di sease, pain, depressign, at ti deficit hyperactivity disorder, or
2ddi ot o wheReRReeHEagasiepias sidagEes 6 fediiapiuening b ABEUAN my. 7.
The conpound ag&ffith ApalPhent, il MBufodepbiRirftive difasd) PmOdGaeRfIM hitdRiodl sease i's
Al zhei mer's diséase or Parkinson's disease. 8. the conpound according to

cl ai m 6, wher deficit hpepastinity disordepriraddictiom,uvkergiaithe total dafly doserip dton
according to claim.6 or wherein the pain is neuropathic pain or

post - oper a%‘i vé{’%‘gi@nt.o aBbutSo g

the pain is neuropathic pg

7. The compound according to claim 6, wherein the neurodegenerative disease

is Alzheimer’s disease or Parkinson’s disease.

10 8. The compound according to claim 6, wherein the pain is chronic or acute
pain.
9. The compound according to claim 6 or 8, wherein the pain is neuropathic

pain or post-operative pain.
15
10. A compound of formula (I)

F , or a pharmaceutically

acceptable salt thereof, for use in a method of treating, preventing, or ameliorating
a disease or condition by inhibiting NR2B subunit containing NMDA receptors,
20  wherein the total daily dose is from about 2 to about 50 mg.



10. A compound of formula (lI) , or a pharmaceutically acceptable salt
thereof, for use in a nethod of treating, preventing, or aneliorating a

di sease oVO2BWE1$183n by i nhibiting NR2B subunit cont ai nPRG/ERIAP24Ept or s,
wherein the total daily dose is fromabout 2 to about 50 ng.11. Use of a
conmpound of forrmula (I) or a pharmaceutically acceptable salt thereof, for
the manufacture of a nedicanent for the tremnent, prevention or
anelioration of cognitive inpairnent, a neurodegenerative di sease, pain,
depression, attention deficit hyperactivity disorder, or addiction, wherein

the total dai |13f.%@%f%%o&ﬁ8ﬁ@9@fdhnglat(ﬁ about 50 ny.

F or a pharmaceutically
acceptable salt thereof, for fhe manufacture of a medicament for the treatment,
prevention or amelioration of cognitive impairment, a neurbdegenerative disease,

5 pain, depression, attention deficit hyperactivity disorder, or addiction, wherein the

total daily dose is from about 2 to about 50 mg.



