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Cross Reference to Related Applications. This application clains benefit of
U S . Provisional Applicati on Nunber 60/08873 7 filed via U S. Express
Mai | on 3une 10, 1998; U. S. Provisional Application Nunber 5 60/091666,
filed via U S. Express Mail on July 2, 1998; U.S. PrOV|S|onaI Application
Nunmber 60/109413, filed via U S. Express Mil on m Emm 1998; and
U.S. Provisional Application Nunber 60/115, 089, | ess Mail on
January 7, 1999, and U.S. Provisional Application entlﬂbew "Acetyl choline
Enhancers” filed June I, 1999 in the nanes of Derek T. Chal mers, Susunu
Sat o and Tadayuki Koda. The contents of the 10 foregoing applications are

i ncorporated herein by reference in their entireties. Field of the

| nvention The present invention generally relates to quinoline derivatives,

nore particularly to quinoline derivatives which are acety |

enhancers, and specifically to the acetyl choline enhancer !\mwmmummm“l““l

1- Benzyl pi peri zin-4-yl) ethyl]-2,3-di hydro-9-nmethoxy-1 H 15 pygh@elo [3.4-b
qui nolin-1-one hem funmarate, referred to herein as Conmpound A ("CmA").
Background of the Invention Al zheiner's disease ("AD') is a disorder of
unknown etiol ogy. A pervasive and deleterious effect of AD is a decreasing
deficit in cognitive function. Several approaches 20 to the treatnent of
this disorder are currently bei ng JJ .0y date, however, only -
9 DEf ~~02 s one therapeutic appr oé‘é‘P{F% hﬁggﬁg% su~ci ent clinical
safety and efficacy to warrant approval for COhTTEI’CI alization by the United
States Food and Drug Adm nistration ("FDA"). This therapeutic approach
focuses on inhibition of ace(th;dssli@feirmttemeq ApphigdtionsAChE i s an enzyne
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associated with AD, another approach would be to increase production of
ACh. It has been reported that antagonists to the serotonin receptor S HI3,
|ncr ease the neuronal rel ease of A@neldsédlefbwemmpl e Ranmirez, MJ., et

al.) 712:2 Brain S. 274 (199 35: 4 Phar macal S.
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to quinoline derivatives which are acetylcholine enhancers, and specifically to the
acetylcholine enhancer N-[2-(1-Benzylpiperizin-4-yl) ethyl]-2,3-dihydro-9-methoxy-1H-
15 pyrmolo [3,4-b] quinolin-1-one hemifumarate, referred to herein as Compound A

(“Cm.A”).

Background of the Invention
Alzheimer’s disease (“*AD”) is a disorder of unknown etiology. A pervasive and
deleterious effect of AD is a decreasing deficit in cognitive function. Several approaches

20 to the treatment of this disorder are currently being investigated. To date, however, only



20 Find Exp. din. Pharmacol. 43 ( 1997). Ithas also been reported tg{agﬂthﬁz
density of S-HT3 receptor recognition sites are not altered in patie '
with AD as conpared to age-matched controls. Barnes, NN M, et al.) 1:3-4
Neuroreport. 253 (1990). Antagonists to the S-HI3 receptor are al so
reported to inhibit enesis (i.e., vomting). See, e.g., Parikh, P.M et al.
33:1 Indian J. Cancer 17 (1996). 25 Quinoline derivatives having AChE
activity havghehrgnapélitrdppesach héé eidefedld , d
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qui nol i ne derivatives which are ACh enhancers. In sone preferred

embodi ment s, fornarsasedBriemsriad Ai¢ecdy dncapasing the Fhrsricalisad finstienaltaffestsrafdher e:
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sone pref er rggiEROLHIFs Vé@b){ EHEEFm%yh 2L it RhPHBANSRIdnafifie étacrine, THA,
pharmaceutically 5 accept able salts of the foregoi ng conpounds. A

parti cul ar | yQOENEX % dnddonepdza(E020; SARICEPT”) An AChE inhibitor épproved for
10 commercialization in Europe is rivastigmine (ENA713; “EXELON"). A significant side

effect associated with all three of these compounds is nausea and/or vomiting. This side
effect can limit the maximum dose that a physician may otherwise desire to provide to a
patient, for obvious reasons, e.g., the side effect may cause patients to not take all of the
required doses, or the side effect may cause patients to stop taking the medication entirely.
15 While inhibition of AChE is one approach to resolving clinical deficits associated
with AD, another approach would be to increase production of ACh. It has been reported
that antagonists to the serotonin receptor 5-HT3, increase the neuronal release of ACh. See
for example Ramirez, M J,, et al,, 712:2 Brain Res. 274 (1996), Crespi, D., et al. 35:4
Pharmacol. Res. 351 (1997); and Roychoudhurg, M. and Kulkani, S. K., 19:1 Methods
20 Find Exp. Clin. Pharmacol. 43 (1997). Ithas also been reported that the density of S-HT?3
receptor recognition sites are not altered in patients with AD as compared to age-matched
controls. Barnes, N. M., etal., 1:3-4 Neuroreport. 253 (1990). Antagonists to the 5-HT3
receptor are also reported to inhibit emesis (i.e., vomiting). See, e.g., Parikh, P.M. et al.
33:1 Indian J. Cancer 17 (1996).
25 Quinoline derivatives having AChE activity have been disclosed. U.S. Patent Nos.
5,190,951, 5,540,934; and 5,300,517.
Compounds having multiple therapeutic mechanisms are desirable. For example,
a compound that can both inhibit AChE activity and increase the neuronal production of
ACh would be preferred for the treatment of neurological disorders such as AD, where the
30 beneficial link between ACh, inhibition of AChE, and AD have been clinically established.

This invention is directed to this, as well as other, important ends.



[ 2-( 1-Benzyl pi perizin-4-yl) ethyl]-2,3-dihydro-9-nethoxy-1 N-pyrrol®pt( 02
[3,4-b] quinolin-1 one, i.e., OCH3 O\ I-1 \.N NN In one particularly
preferred enbodi nent, the acetylcholine enhancer is N-[2-( 1 10

benzyl pi peri zin-4-yl) ethyl]-2, 3-di hydro-9-net hoxy-1H pyrrolo [3, 4-b]

qui nolin-1-one heinfumatate, i.e.: OCH3 Ol \ I \ NN ~/NHOOC HH COOH J
DEC2U02 s referred to herein as Conmpound A ("CmA. ") Also provided in
accordance with the invention are nethods for both inhibiting the 5 enzyne
acetyl choline esterase, and antagoni zing the serotonin SHI3 receptor in a
systemthat conprises both acetylcholine esterase and the serotonin SHT3
receptor In preferred enbodi nent sSumimaryef Hedlventipi i se i ntroducing to the

system an acetyl chghi ne enhancer, preferably selected fromthe group
consi sting of conpofh@ECSERt N¥Fnten| ovidessrleoted quinokpaNdgivatigOvaih @rd ACHN N

[ 1 NT C%h?ng%ré In sor(xe bre%nledlc}{]b%ldiments, acetylcholine enhancers are provided that

have the structure:
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O9DEC2002/ \ ~NO\N \ N/ NN~CH OO\ / I \ jV/ NNNHS O\ i ~\
/' N N5 and pharmaceutically acceptable salts thereof. In some nored DEC 700
preferred enbodi nents, the conpound is OCCH3 O/ I \ N/ N Nor a
pharmaceutically acceptable salt thereof. In even nore preferred

enbodi nents, the acetyl choline enhancer Bhas the fornul a: 9 D~ C 2002
OCH3 O\ HOOC H/ I \ N/ N COON N~ H The present invention al so provides
phar maceuti cal conpositions conprd':ﬁi ng acetyl choline enhancers In preferred
enbodi nents, the pharnmaceuti cal conf)ositions conprise a compound of
formula: 5 S ~CH30~CH~ O\ J/

O 0
SO
N
N/
NH, o
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N
N/

In some preferred embodiments, the acetylcholine enhancers are pharmaceutically
5 acceptable salts of the foregoing compounds. A particularly preferred ACh enhancer is N-
{2-(1-Benzylpiperizin-4-yl) ethyl}-2,3-dihydro-9-methoxy-1 H-pyrrolo[3,4-5] quinolin-1-

one, i.e.,

OCH,4

O

In one particularly preferred embodiment, the acetylcholine enhancer is N-[2-(1-
10  benzylpiperizin-4-yl) ethyl]-2,3-dihydro-9-methoxy-1H-pyrrolo [3,4-b] quinolin-1-one

heimfumatate, i.e.:
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/' TV N~-NNCNOO\, \' / NI / V1 ~-NN'NO\ I / I\ N/ NN -¢pg PFEC
1002 s CH pO\V I "/ ~N/ NNNHSOI / I \ N/" NN or
pharmaceutically acceptable salts thereof. In further preferred

enbodi ments, the pharnmaceutical conpositgon conprises a 5 conpound of
formula: OCH3 Ol / I \ T( / N N or a pharmaceutically acceptable salt

ther eof , i ghrl e 0o OnPRIBCR A N 2 HOXC H H 00O The present

i nvention al%o provi des net oth 1nhibiting the enzyne
Also provided in accordance with the invention are methods for both inhibiting the

enzyme acetylcholine esterase, and antagonizing the serotonin SHT3 receptor in a system
that comprises both acetylcholine esterase and the serotonin SHT3 receptor In preferred
5 embodiments, the methods comprise introducing to the system an acetylcholine enhancer,

preferably selected from the group consisting of compounds of formula

OCH;,
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acetyl choline esterase andantagoni zing the serotonin SHT3 receptor g DEC 2007
conprising providing an individual in need of inhibiting acetylcholine
esterase and antagoni zi ng the serotonin s OEC 2U01 9 SHT3 receptor with a
pharmaceutical conposition of the invention, which preferably conprises
OCH3 O\ i \ ~Ni ~N~UNS5or OCCHB3 OB\ \ ~ Ni I NN., Brief
Description of the Drawings HOOC H H COOH Figure 1 A shows the structure
of N-[2-( | -benzyl piperzin-4-yl) ethyl]-2,3-di iyaro 10 9- net hoxy-1Hpyrrolo
[3,4-b] quinolin-l1-one. Figure 1 B shaows the ure of a particularly
preferred salt of the conmpound of Fi 1- benzyl pi peri zi n-4-yl)
T—qui nol i n-1 -one
de graphic results of the effects

et hyl] -2, 3-di hydr o- 9- net hoxy-1 H pyrrol o} [3, 4-

hem fumarate ("Cm A"). Figures 2A-

of CnA, tacrin ("THA") and 15 E2020 on extracellular |levels of ACh in

m crodi al ysis sanples from striatjum of conscious, freely noving young (2A,

(i.p., arrow synbol). Control
poi nt represents the nmegpw
control. Figures 3A-C :
THA (3B) and 20 E2020 ( 2’| ul ar | of ACh in mcrodialysis
sanpl es from hi ppocanpus™e NSci ots, freely noving rats. Conpounds were
adm nistered at O min (i.p, arrow synbol)

CH,

5 and pharmaceutically acceptable salts thereof.

In some more preferred embodiments, the compound is

OCH; ¢
N N
N
~
N

or a pharmaceutically acceptable salt thereof. In even more preferred embodiments, the

acetylcholine enhancer has the formula:



- 9 DEGIUO 10 Control animals were injected with saline (i.p.}3 DE§QR0?
point represents the nean with SSEEM (N=6) *,** : P<0.05) 0.01 vs.
control. Figures 4A-B provides graphic results of the inhibitory effects of
Cm A (4A) and 5 THA (4B) on 5-HT-evoked vwon Bezol d-Jarish Effect ("BJE") in
anest hetized rats. A bolus dose of serotonin was injected every 10 m nutes.
Each point represents the nean with 5,EM *, ** : P<0.05) 0.01 vs.
control. Figure 5 provides graphic results of the effects of Cm A on

scopol am ne-i ia in a passive avoi dance_tagk. Each col um
represents th eat rrerp;OoF* : 0.01
vs. control. Fi effects o on
cycl ohexi m det | as®. Each coffum
represents th ment. *,** AP<0, 05

0.01 vs. cont : pr ovi des graphic results of the effedis opOOH
single treat t wth A and 15 THA on nenory deficit2induced by
BF-1esion in a passive avoi dance task. Each column represents the nean with
SSEM #, ## : P< : *ide e o P ..cantraol .
Figure 8 provi desqggiz)rr)‘ﬁslggp?n e‘éﬁ??‘g ng?]ptr v’eld?asf P}éc ggeo @le%égafgo 3%%{1 7 Sal et Bwi t h
Cm A, THA angcebAbRdlinerenkenddry bepieteriedi dishidiatety, (BEphasiagsutichl orRBSSHNR
avoi dance task. 20 Each columm represents the mean with S.E M #) ## ~
P<0. 05, O. 01cmp119§rea¢ﬂmpqunti*0fﬁxm£%, 0.01 vs. control. Figure 9 provides
graphic results of the effects of Cn A on spatial nmenory deficit induced by
scopolamne in a radial maze task. Each columm represents the nean with
SSEM * ** : P<0.05 0.01 A ;trol . 25 Figure 10 provides graphic
results of the effects of /repgj\»t treatment for 2 weeks with Cm A on
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Figures 11 A-B provide graphic results of the effects of CmA ( 11"A%H§;ﬂm
THA ( 11 B) on scopol am ne-induced spatial nenory deficit in a wate

task. Each point 30 represents the nmean values of 10 to 12 rats. *, :
P<0. 05, 0.01 vs, scopol an ne. - 9 DE C1UU2 11 Figures 12A-C provide
graphic results of the effects of CmA § 12A), THA ( 12B) and E2020 (120
on BF | esion-induced nenory deficit in a water maze task. Each point
represents the nmean values of 7 t&€Hh2 rats. *, ** ~ P<0.05) 0.01 vs

BF-1 esioned control. Figures 13fA-B provide graphic results of inprovenent
of spatial learning by the 5 treatnent with CmA ( 13A) and THA ( 13B) in
aged rats. Each point repres O rats. *, ** .
P<0.05, 0.01 vs. nontreatnent| Fi ures for a

vari ety of conpounds s ' ph Cm G
respectively, that arg § 15 is a bar
graph summari zing the CmAin 10 animals to
determne the ability npotund d to bind to SHT3 receptor. Detail ed
Description U S Pat ent Nos. 5 190, 951; 5, 540, 934; and 5, 300, 517 di scl ose

qui nol i nederivatives (including salts thereof and piperidine derivatives
thereof) useful in inhibiting AChE. These references report that the

qui nol i ne derivatives are us®Hd ip preventing or tregtiNg 15 denentia" as
wel |l as for treatnent of |nd|V|du s "sufferj fromo er a ri sk of
suffering from denent .2 g to the fefer ces e denentia is
broadly classified in E cer-braN va r disorder type ’and the

Al zheimer's type. Prosagses\for~preéparing these qU|noI|ne derivatives are
al so disclosed in the foregophg patent references) which also report that
sel ected conmpounds wi thin the quinoline derivative genera evidence 20

anti - AChE aei pharingcasicalty hecaptable Salsabgreofn i nprovi ng ammesi a i nduced by
scopolanlne The foregoing patents_are incorporated herein, in their

enti rety, by ref & &ither prefempdserpadiments the ehamarentisaloearapastion Famprises a

pr esent %a%IOQ1 n§ﬁ|60ted conpounds within the genera disclosed in

t he fore oi P%+é% including Cn A, are al so potent antagonists of
the 5-HT3 receptor. Antagonists to the 5- HT3 receptor |lead, 25 Inter alia,
to the neuronal release of the neurotransmtter ACh (e.g., Ramirez, supra).
5 HT3 receptors are al so | oca@€Hzalgpng the lining of the , and, as noted

above, 5-HT3 receptor antagon sts P event vo g resp (e.g., Parikh,
supra). As those of s akt wil | reciygte, t he nost
preval ent side effectg i d wN \ nhi pi t6Ts that have been
clinically eval uated, & Ml cxrHgve been app ed for 30 conmercialization

inthe United States, is-VonmNing. Wile with a di sease such as AD such -
9 DEC 2U02 12 side effects nay be considered clinically acceptable, if the
ef ficacy of osupharfaonaivally atceptablegald therdoflavhish ishprefefablycal |y accept abl e side
effects my |ead to patient-use drop-off. Furthernore, such side-effects
may prohibit __for practical reasons, a physician fr provi di ng a hi gher
dose of such|{a drug to a patient. 5 Thus, a conpound{that not only has

mul tiple therapeutic es of action, but may alsgQ aid in reducing certain
si de effects|associ at ) M
woul d provi de eutg c arsena
available to i . Th escri bed her
i ncludi ng Cm : coppounds. n sone prefernred enbodi
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10 The present invention also provides methods of both inhibiting the enzyme
acetylcholine esterase and antagonizing the serotonin SHT3 receptor comprising providing

an individual in need of inhibiting acetylcholine esterase and antagonizing the serotonin



N N - ~DE c 2002 13-'9NJI@ A40A
/" ~\ Ni NNS5 and
regoi ng compounds. A

SCH3O-CH3 0O\ / I NNCNOO\" I I \ N/

I \ N/ NNCH3 1 \ or \ N/ NNNHS O | \
pharmaceutically acceptable salts of the fore

particularly preferred ACh enhancer is [ 2- (1-Benzyl pi peri zin-4-yl)

et hyl]-2, 3-di hydro-9-nmet hoxy 1H pyrrolo [3,4-b] quinolin-1-one, i.e., OCH3
01 NNN articul.arl referred e

the acetyl chéﬁTﬁereg?‘mglnE’étﬁ alémﬁnfcfu?ca CBRRSHBR F?irlﬁ WCHUW)WH%R ren%%ratb?y
ethyl]-2, 3- d'c8%9ﬁ9e59 met hoxy-1 Hpyrrolo [3,4-b] quinolin-1-one
heinfurratate [ OCH3 Ol \ HOOC H/ \ N/

OCHj,

O

or
5
OCH; ;) HOOC. H
_ N H COOH
L N - 2

Brief Description of the Drawings
Figure 1A shows thestructure of N-[2-(1-benzylpiperzin-4-yl) ethyl]-2,3-dihydro-
10 9-methoxy-1H-pyrrolo [3,4-b] quinolin-1-one.
Figure 1B shows the structure of a particularly preferred salt of the compound of
Figure 1A, 2-[2-(1-benzylpiperizin-4-yl) ethyl]-2,3-dihydro-9-methoxy-1 H-pyrrolo [3,4- b]
quinolin-1-one hemifumarate (“Cm.A”).
Figures 2A-F provide graphic results of the effects of Cm.A, tacrin (“THA”) and
15 E2020 on extracellular levels of ACh in microdialysis samples from striatum of conscious,
freely moving young (2A, 2C, 2E) and aged (2B, 2D, 2F) rats. Compounds were
administered at 0 min (i.p., arrow symbol). Control animals were injected with saline (i.p.)
Each point represents the mean with S.E.M. (N=4-6) * ** : P<0.05, 0.01 vs. control.
Figures 3A-C provide graphic results of the effects of Cm A (3A), THA (3B) and
20  E2020 (3C) on extracellular levels of ACh in microdialysis samples from hippocampus of

conscious, freely movingrats. Compounds were administered at O min (i.p, arrow symbol)



NCOOHH\ N., referred to herein as Conmpound A ("CmA.") Al so pr%obﬂﬁ@
accordance with the invention are nethods for both inhibi t| ng the %e
acetyl choline esterase, and antagoni zing the serotonin SHI3 receptor in a
systemthat conprises both acetylcholine esterase and the serotonin SHT3
receptor. In preferred enbodi nents, thelhethods conprise introducing to the
system an acetyl choline enhancer, preferably selected fromthe group

consi sti ng Obntesrapirtzldsyee 1rije¢t6ﬂ|“&th QB (iQ.). Eadh pm?\t ﬂEpteserM; NeSn@ﬁ'&thW O

\'i ~VNi NN 9DEC2QQR I5CNOO .. , N~ ~N ~. .~ ~. ~/
N HNO\SIEMNNCHSOQ\ NNNNHZ ~ .,,. f 7, N\ i N and
pharmaceutl aGe alts thereof. In some nmare preferred
enmbodi ment s rr%oﬁ.?ﬁg ﬁs(ﬁ vs. Control.

Flgures 4A-B provides graphic results of the inhibitory effects of Cm.A (4A) and

5 THA (4B)on 5-HT-evoked von Bezold-Jarish Effect (“BJE™) in anesthetized rats. A bolus

dose of serotonin was injected every 10 minutes. Each point represents the mean with
S.EM. * **:P<0.05,0.01 vs. control. .

Figure 5 provides graphic results of the effects of Cm.A on scopolamine-induced
amnesia in a passive avoidance task. Each column represents the mean with S.E.M. ## :

10  P<0.01 vs. nontreatment. ** : P<0.01 vs. control.

Figure 6 provides graphic results of the effects of Cm.A on cycloheximide-induced
amnesia in a passive avoidance task. Each column represents the mean with S.E.M. ## :
P<0.01 vs. nontreatment. *,** : P<0.05, 0.01 vs. control. '

Figure 7 provides graphic results of the effects of single treatment with Cm.A and

15 THA on memory deficit induced by BF-lesion in a passive avoidance task. Each column
represents the mean with S.E.M. #, ## : P<0.05,0.01 vs. sham. *, **: P<0.05, 0.01 vs.
control.

Figure 8 provides graphic results of the effects of repeated treatment with Cm. A,
THA and E2020 on memory deficit induced by BF-lesion in a passive avoidance task.

20 Each column represents the mean with S.EM. #, ## - P<0.05, 0.01 vs. sham. *, ** -
P<0.05, 0.01 vs. control.

Figure 9 provides graphic results of the effects of Cm. A on spatial memory deficit
induced by scopolamine in a radial maze task. Each column represents the mean with
S.EM. *,** . P<0.05,0.01 vs. control.

25 Figure 10 provides graphic results of the effects of repeated treatment for 2 weeks
with Cm.A on spatial memory deficit induced by SEP lesion in a radial maze task. Each
column represents the mean with S.E.M. * : P<0.05 vs. control.

Figures 11A-B provide graphic results of the effects of Cm.A (11A) and THA
(11B) on scopolamine-induced spatial memory deficit in a water maze task. Each point

30 represents the mean values of 10 to 12 rats. *, ** : P<0.05, 0.01 vs. scopolamine.



9 DE C 2002 OCH3 O/ \ ~Ni N 16 N/ or a pharnaceutically accepiqqmgzgﬁlt
thereof. In even nore preferred enbodi nents, the acetylcholine enhancer has
the formula: 5 OCH3 Ol \ HOOCH/ I \ N/ N COOH\ N ' H The present

i nvention al so provides pharmaceutical c ositions conprising
acetylcholine enhancers. In preferred e dinents the pharnaceutical

conposi tions corrplseaco ound of fornul a: Ol NNCNOO/ \
~ N/ ~NN gpres 12ArCoprpvide graphyoregults of thNCffeNs Nf EmAO3A) THA(IRB) N N

and E2020 (12C) on BF lesion-induced memory deficit in a water maze task. Each point
represents the mean values of 7 to 12 rats. *, ** - P<0.05, 0.01 vs BF-lesioned control.
Figures 13A-B provide graphic results of improvement of spatial learning by the
5 treatment with Cm.A (13A) and THA (13B) in aged rats. Each point represents the mean
values of 7 to 10 rats. *,** : P<0.05, 0.01 vs. nontreatment.
Figures 14A-F are the structures for a variety of compounds related to Cm.A
depicted as Cm.B through Cm.G, respectively, that are also acetylcholine enhancers.
Figure 15 is a bar graph summarizing the results of IP injection of Cm.A in

10  animals to determine the ability of the compound d to bind to SHT3 receptor.

Detailed Description

U.S Patent Nos. 5,190,951, 5,540,934; and 5,300,517 disclose quinoline derivatives
(including salts thereof and piperidine derivatives thereof) useful in inhibiting AChE.
These references report that the quinoline derivatives are useful in “preventing or treating

15 dementia” as well as for treatment of individuals “suffering from or under a risk of
suffering from dementia.” According to the references, senile dementia is broadly
classified into the cerebral vascular disorder type and the Alzheimer’s type. Processes for
preparing these quinoline derivatives are also disclosed in the foregoing patent references,
which also report that selected compounds within the quinoline derivative genera evidence

20 anti-AChE activity as well as efficacy in improving amnesia induced by scopolamine. The
foregoing patents are incorporated herein, in their entirety, by reference.

It has been discovered in accordance with the present invention that selected
compounds within the genera disclosed in the foregoing references, including Cm.A., are
also potent antagonists of the 5-HT3 receptor. Antagonists to the 5-HT3 receptor lead,

25 inter alia, to the neuronal release of the neurotransmitter ACh (e.g., Ramirez, supra). 5-
HT3 receptors are also located along the lining of the gut, and, as noted above, 5-HT3
receptor antagonists prevent vomiting responses (e.g., Parikh, supra). As those of skill in
the art will appreciate, one of the most prevalent side effects associated with AChE
inhibitors that have been clinically evaluated, and which have been approved for

30 commercialization in the United States, 1s vomiting. While with a disease such as AD such



NHS O\ \ N/'" N N5 or pharmaceutically acceptable salts thereof=§IDh{ 2007
further preferred enbodi nents, the pharmaceutical conposition conprises a
conmpound of forrmula: OCH3 O/ \ ~N NN/ or a pharmaceutically acceptable
salt thereof, which is preferably -- 9 0~c zaa~ 18 OCH3 O/ \ N N HOOC H
N / H COON The present invention also geovides nethods of both inhibiting
the enzyne 5 acetyl choline esterase and antagoni zi ng the serotonin SHT3

receptor COgge bﬁedwmaygyt&isﬁﬁre@rthmglmdémiblé nf (e eficaky bilicRicbiBBunds is
acetyl choline esterase and antagoni zing the serotonin SHT3 receptor wth a

phar maceut i matginalrthers suaho:rhnnrblly hecepmbbrmdeoeffecv#rmay\ lqadeberasibhtyusealipp-ioe s

oCH3 O\ \ N/ NN 10 o g:l—lgf H% ~\V N/ NCOOHHNAs will be
set forth i RUGHEHOE Sél%li aidg-¢ éF%vWayd"ﬁo ! Hagorb@éﬁ’%ﬁ?ﬂ%t‘%a& EHY%l@mbéf% 15
AChE i nhi bi é%rv ?%g‘g?ﬁg’msgoaw’% %%Fm&ﬁpt or antagoni st (which allows

for increas neur onal eé Exanple 4), and as conpared
wi th equbval ent Uhesa comnpduna ik AofohDZkhs muttiple hRfpedind moUesdsieor, BGt Magle

effects associated with these two conpounds, e.g., vomting (see Exanpl e 1)
inf ~a). Bealaosid o7 reduriag demnint sjdneffents asesiased ovithc samyi-mpchanissically similar

therapeutics, would provide a substantial improvement in the therapeutic arsenal available

to patients and physicians. The compounds described herein, including Cm.A, are such

compounds.
10 In some preferred embodiments, acetylcholine enhancers are providedthat have the
structure:
3 CH3

CN

S



- 9 DE CLOX® 19 AChE inhibition and 5-HT3 receptor antagonism, thejr( 7002
conpounds of the invention, for exanple CmA, are referred to herein as
"acetycholine (ACh) enhancers." As noted, mnethodol ogies for preparing such
conmpounds are disclosed in the above refigrenced U. S. patents. The
pharmaceutically acceptable salts of the conpounds 5 described herein

i ncl ude pharmaceutically acceptable acid addition salts, nmetal salts,

ammoni um salts, organic am ne addition sal ts) m' no aci d addition
o)

salts. Exanples of the acid addition | t C |n gani ¢ acid addition
salts such as hydrochl oride) sulfat@e an phosp ate, and organic acid
addition salts such as acetate, nualleate,| fumarate, tartrate, ciliate and
| act ate; exanples of the netal s e alkali metal salts such as lithium
salt, 10 sodiumsalt and potassiumsalt, alkaline earth netal salts such as
magnesi um salt and cal ciumsalt ‘alum numsalt, and zinc salt; exanples of
salt; exanpl es
of the organic amne addition saltspare salts ¢ and
pi peri di ne; and exanpl € ' A ' e salts with
gl yci ne, phenyl al ani ne, fumarate salts are
particularly 15 preferngg 2.26Q preferred enbodi nents of
t he net hods of the invention, I‘i:onpounds or conpositions of the invention
are introduced to a systen1that is in need of both inhibiting the enzyme
acetyl choline esterase, and antagoni zing the serotonin SHI3 receptor. As
used herein, the term"introduce Cld; a systent means placing a desired 20
conmpound or conposition into t systemin a nmanner that is consistent with
the active conponent both causijng the inhibition of acetylcholine esterase
present in the system and ggtagoni zing the serotonin SER3 receptor present
in the system The term"sysfent i@ intended_to inclug oy h bt vi ng
organi sns, particul arl A MR And especi Iy hunan- well as in vitro
systens such as diag D 3 i ke. Frius be recogni zed
25 that conpounds ang -05|t|ons Of the [ ion can be introduced to a
system by a variety ofuwa pre preferred enbodi nents) the systemis
a patient in need of both |nh|b|t|ng t he enzyne acetyl choline esterase, and
ant agoni zi ng the serotonin SHT3 receptor, such as, for exanple, an AD
patient. Thus, "introducing to a systeni includes admnistration to a
patient. 30 Preferred phar machbi cap conmposi tions conpriSiRg the di sclosed
' .g. AD, it is

However) other routes 'nls:ratN n ind use”in the nethods of the
i nvention. Thus, conposrds -pLovited i
phar maceuti cal conpositions by adm xture with pharmaceutically acceptable
nont oxi ¢ excipients and carriers. As stated previously) while oral

admi ni strétiamd pbampaceuticallyyadceptetie saltr of dfe faatdaang compounrsps & particukarly

For use. i n pRIGHISRARh SUHRRRrat NAeH biben et Y HBRE 4 SRRy Proghors
sol utions or fﬂg?’gd] ;30‘51% ﬁxﬂBlﬁ?”%ﬁ@l Iey parti cuI arly in the form of

powders, nasa derosol s, or 'derinally, via, for exanple,
trans-der mal patches The conmggngleps of the invention can be conveniently
adm ni stered in unit dosage 10 formyand may be prepared y of the

3 s described in

met hods well known in t
Rem ngt on' s Phar maceut i
Formul ati ons for parentg ¢
steril ewat erorsaline, poRy N €ne gl ycol s such as pol yet hyl ene gl ycol,
oil s and vegetabl e origin, hydrogenated naphthal enes and the like. In
particul ar, bioconpatible, 15 biodegradable |actide polyner,

| acti de/ gl ycol i de copol yner) or pol yoxyet hyl ene pol yoxypropyl ene copol yners
may be useful excipients to control the rel ease of the active conpounds.

O her potentially useful parenteral delivery systens for these active
conpounds i nclude ethyl ene-vinyl acetate copol yner particles, osnotic
punps, inplantable infusion systens, and |iposones. Fornul ations for

i nhal ati on adm nistration 20 contain as excipients, for exanple, |actose,

or may be aqueous sol utions containing) for exanple,

pol yoxyet hyl ene-9-1 auryl ether, glycochol ate and deoxychol ate, or oily
solutions for admnistration in the forth of nasal drops, or as a gel to be
applied intranasally. Fornulations for parenteral adm nistration may al so

i nclude gl ycochol ate for buccal administration, a salicylate for rectal

adm ni stration, or C|tr|c aC|d for vaglnal 25 adnlnlstratlon Formul ati ons

. I T 1 T Y T T I L 1 I o ——

¥ PA, 1980).



wi |l vary dependi ng upon a nunber of factors, including the dosage ¢ hg;
drug to be adm nistered, the chem cal characteristics (e.g.

hydr ophobi city) of the conpounds enpl oyed, and the route of adm nistration.
In general terns, the conpounds of this 30 invention may be provided in an
aqueous physi ol ogi cal buffer solution cbhtaining about 0.1 to 10% w v
conpound for parenteral admnistration. The preferred dosage of drug to -
9 D k C 2002 21 heomhurtidusdrbr grefeirad binbsediynenes, chepeeascholisdmbavar sab[2g1-as
the type or extent of progression of the disease or djsorder, the overal
heal t h st at Genzsipipgiezindrt) ety Hr2 hethydrer O-metkoxye| Ayl vl 3ot-8hneimpliefitereacy
of the conpgqgﬂ se{gcted, and formul ati on of the conpound exci pient, and
its route of “JUN AT &tion. 5 The conpounds of this invention can be

enpl oyed as the sole active agent ~n a pharnaceutical conposition.

Al ternatively, they can be used in conbination with other active
ingredients. —The invention is further illustrated by way of the foll ow ng
exanpl es, which are intended to elucidate the inventijon. These exanpl es are
not intended| nor ar®CGHey o be 10 construed, 'nrt thew'?‘) e of,,the

di scl osure, or the cllains o foll ow | es el follo ﬁgf | es,
t he conpéhnd; ger~e _sappl e by SSP SS Phar maceutj cal s,
Co., Tokyo, J¢ Nl sis| A Two- wee t udy
Cynonol ogous | kpnkeys weke orally admimistered 5 ny/ kgf day of COHA, TEROH
E2020 once a|day“for N weeks to investigate and conpare their respective
hepatotoxicity properties. The follow ng paraneters were exam ned:. body

wei ght, 20 cljnical signs, food S i,,on, bl ood biochem stry (GOI, GPT
ALP, LDH, yfté?'lﬂ?dc efereipia ,COFP”‘PI@}"(‘J‘,g RRI g{,‘}{&/% ratio, T.Cho, NEFA, TG . After
the adm nistrati @é%' . 1 ; bl {; {

Organs and ti ssug‘gs r gmm%}ng%g%?&%@ﬁ&e%wggg%?%Foﬁgg%dﬁg?ggﬁégpﬁgﬂ&?i ng
t he dosi ng pezjinedacefithatined eft2@2d) andarsagbnizing tHersgrozonin SHTB ratepiok & 4 Distedd

di arrhea) sporadically; CmA_ al so caused soft stools, but to a |esser
extent than tlnameorapmqs’émcﬁcew%ﬁ?@hﬁwﬁermqnéé%gﬂwﬁnmé&hT Jseeptarptln BFefemed body

 oh Cdont 1 A )
b1 oohent Lot piediis. BeMaiaopREE ntickileing Kl oA O Socl B8 Enhancer,
and TG in t heefdiabtydeRidied frondl tHeiogpcomsistiiig bPbbmpouads of Mrm@laand TG in the

E2020- group. No substantial changes were - 9 D E C 2007 22 determ ned
from aut opsy, organ wei ght determ nation and hi stopat hol ogi cal exam nati on

in all the dosing groups. Res &g a~~e summarized in Table 1. Table 1
Hepat oxi ¢ summary for Cm A, ndE3020 5 (oral dosin weeks)
Obser vat nnsCm ATHAE2020MEMFMEL Cint ¢/ al s >gn

N




, _ ..vomting.. ._ _.._. - ._++-+soft stool ~...... + . .

. .. ... - . .... 4+ ,. .- .Food consunption----- Body melght ----- BIood[ﬁCZMZ

bnchem stry--~ : ALP~ TG~ .LDH TG .. ... e e e . _.. -.T.Cho- ...

e e e e e e e o018 . Ce e ey e

NEFA. ... ... oo . . . .. (.. TG

Cee Autopsy organ melght and i ON e -
.................. histopathobgy no renarkabl e change T :

Four - week st udy CntA, THA or E20
four (4) weeks to cynonol ogous

.0 was given by oral adm nistration for
pnkeysp During the testing period, these
al 8 were dosed

animal s were dosed with three diifere/ reglnens first,

with 10 ng/ kg/day for 7 owet by 32 d shout d, second,
animal s were dosed with @ ays, § after the
animal s were dosed with 10uAg or 7 days. follomn g par anet ers

wer e exam ned: body wei ght, clinical signs, food consunption, blood

bi ochem stry (GOI, GPT, ALP, LDH, y-GIP, ChE, Bil, T.Pro, Alb, AAGratio,

T. Cho, NEFA, TG. 9 ~ E C 2002 23 The aninals treated with THA and E2020
evi denced severe vomting and soft stools or diarrhea were observed,
decrease in body wei ght and food consunptlon) a anges in certain blood
bi ochem cal tests (increase in TG an £ in ChE and T.Cho) were
al so evident. Aninmals treated with hi bi t &d_m/nhi nral adverse 5
clinical signs and no remarkable c e in food consunption and body wei ght
A small increase in TG was observgd i he Cm A treated animals. Results
are summari zed in Table 2. TABLE Hepatoxic sunmary for' CmA, THA and
E2020 10 (oral dosing -Four V@eKs) 1
CbservatlonsCNIATHAEZOZONFNFNFO i ni gg F+r++++sof t
st ool - ++++++++++++Food S i TGI: TGT
TGI: TGT: TGI. TGbhi oche no

remar kabl e change T: i hg many times
These results support the

.Ient doses

hat at eqU|

posNti on Cm A exhi bi t ed
fewer toxic signs than THA and E2020 in the paraneters tested. - 9DEC
2002 24
CH,

9 O
AN ;
N N
~
N
NH, 0
S
X
N N :
o ’
N



Example 2 Inhibitory Effect on Acetylcholinesterase Activity Wstargmat s
were orally adm nistered with Cn A, THA or E2020. After 1 hour, rats were
sacrificed and brains were isolated and divided into several portl ons. AChE
5 activity in preparations from hi ppocanpus, striatum frontal cortex and
parietal cortex was determ ned by Ellmegg s nethod. See, Ellman, G L.) et
al., 7 Biochem Pharmacol. 88 (1961). Results are summari zed in Table 3.
TABLE 3 10 Effects of Cm A THgyand E3020 on AChE acti vi at various Grain
regi ons DrngsDoseNAChE activity =ni

H~ppocanpus . Stri ati nfFront al
20.059.4 t 4.031.9 t Z76. 7. X
xx . 238.9 5.4 ~ ..ggallt

B R N EL -1 3 ~ el == 2190 9 ~ 10.
056 ° ' 3.0 ~31. 3 ~ ~1.610 ~~6~ ~48.3~. t'2.9 ~~ ~~274.0 26.058. 4

t~4~532.6. t 1.7~ ~ ~ ~ ~~~ ~ ~~~~ ~~~ ~ o~~~ ~~~~ ~ ~~~ ~ ~F2020 ~
~~10536. 4 ,°F2 shmwce“x aceoptabllg sat thergofy Inweyen morg preferred empggiments, ghe.5 -
35.1 f ~ yA Gt Y-3. 8 *24.1t 0.5 * ** : P<0. 05,
0.01 vs contrct))ilchmgcrcg}é%ﬁ tgrshagfthe?f grﬁelaS support the position that THA and

E2020 evi denced inhibition of AChE activity in hippocanpus at a rather high
dose, and that Cm A showed inhibition of AChE in a non-dose dependent

manner (i.e.f” at all tested doses). 15 Exanple 3 Ac€tyl choline Rel ease A
Ef fect on ACh rel ease |n striatum ACh content in_perfusate obtained from
striatum (Bregnsg, A O nm L: 3.0 HOOC H
N * I
H COOH
Jd o2
5 The present invention also provides pharmaceutical compositions comprising

acetylcholine enhancers. In preferred embodiments, the pharmaceutical compositions

comprise a compound of formula:

e

CN

o 5 :
N
N/



mm H 4.0 nm of brain were continuously detected by neans of HPE 8EAAEL EcD
20 through the mcrodialysis systemusing freely noving rats. See
Messanore) E., et al, 32 Neuropharmacol. 291 ( 1993) and Kawashim, K., et
al , 350 Naunyn- Schm edeberg's Arch. Pharyracol. 523 ( 1994). After an

equi libration period of nore than 2 hour's, five ~ ~ E ¢ zoo2 25 fractions
were allowed to obtain basal ACh content Conpounds were injected i p , and
thereafter, a mcrodialytic analysis was condug for 3 hour's Results are
Wstat~), CnA ( 10, 30
2pendently up to 13 | %
and 369% respectively Despite thesg incfreases, few centrally acting
cholinergic synptons (e.g. trenor 'ng and yawni ng) were evident (data
not shown). On the other hand, THA and E2020, which both increased the ACh
content nore potently and long-lgastingly than Cm A, al so evidenced the

with Cn A (data not shown). : : nt h- ol her 344),

simlar increases whi ch y@exre 30 obt ai ned,
but with somewhat | ong oung rats. The | ower
potency of E2020 in aged, | ats may be due to higher
pre-treatnment |level of ACH (FIN 2F). Except for E2020-treated 15 aged rats,
basal ACh levels in striatumwere approximtely the sane between young

W star and young and aged Fi scher 344 rats. B. Effect on ACh release in

hi ppocanpus ACh content in perfusataobtained from hi ppocanmpus (Bregma, A.
-5.8 Mm L. 5.0 mm H 4.0 nmm of brain were continuously detected by neans
of HPLC and ECD 20 through the mcrodialysis systemusing freely noving
rats (See Messanore and KamasQi , supra). After an equiljpration period,
five fractions were allowed to obtaith basal ACh content subst ances

were injected i.p., and m crodi alyti ¢\ analy ns conduct ed
' i e Cm N{10 g/ kg) increased
g dose 257 dependent fashion, 164% and 552%

for 3 hr. Results are

the ACh content in per

respectively. Few centre ) hol i nergi ¢ synptons (e.g. trenor,
chewi ng and yawni ng) were observed (data not shown). THA and E2020 al so

i ncreased ACh content simlar to that observed with Cm A, but the effects
of THA were sonewhat weak. Moreover, concomtantly with this increase,
chol i nergic synptons as di scuddbd i p Exanpl e 3A were nore agparent as
conpared 30 with Cm A In
vivo study - antagoni stze™8 . i : r A bolus i.v.
i njection of serotonin
transiently (von Bezol al i sp~¥ . B.JE
peri pheral 5-HT3 receptor in Bhest hetized rats. The effect of Cm A THA and
E2020 on peripheral 5-HT3 receptor were tested using B.J.E. as a nodel.
Resul ts aiSe suphmmmaczedicaliy ddceptalde 4altsRharesfeat ment with Cm A inhibited B.J. E

dose dependently (3 tq 10 /kg, 1.v¥.) wthout any change on, bl ood pressure
and heart rate (d&t SerHst P@E%W@?e.mhqmmd%ﬁemeeuawgh FRYRROSHEWIEMWRRI15e8 2

decrease the ' caused severe hypertension, salivation and
tremor at 100%%‘5?8(% ‘Ea{“‘%igltA shown). E2020 (0.1 ~ 1 ng/kg, i.v. ) evidenced
no inhibitory effect on B.J.E., and E2020 caused hypertensi on, salivation
and trenor at a higher dose than 1 ng/kg, i.v.(data not shown). B. In vitro
study -1Cfo determ nation OCH; g

e~ O

or a pharmaceutically acceptable salt thereof, which is preferably




15 Binding affinity of a variety of compounds, including CmA) for. t 0
S-HT3 receptor was investigated using a cormmercially avail abl e sergt onlzrq

5- HT3 bi ndi ng assay (NovaScreen, Hanover, MD). The receptor source was

ME- 115 cells (See Lunnis, S. C. R and Kilparick, G J., 189: Evr. Jrnl.
Pharmacol . 223 ( 1990); and Hoyer) D. aggd Heijt, H C, 33 Ml. Pharnacol.,
303 (1988)). The reference conpound utilized was "MDL 20 72222," a 5-HT3
receptor antagoni st. Reactions were carried out in 20nM HEPES (pH 7. 4)
containing 150 mM NaCl at 25C for 60 m nutes. The reaction was term nated
by rapid vaquumfiltration onto glass fiber filters.] Radioactivity trapped
onto the filiters was_determ ned and conpared with the control values. Under
t he foregoiig condi {9 Hs) @m A was deterniined Rave an Leggcof 1418 x 25

10'i (MDL 73222 was conpaj/atively d T ni ned avie an 1 Cso o 74 X
10'd). Cm A |wer NAEd, t g have a Ki woi_5 0 ' B8nder thel|foregoing
condi tions (|ND as tbnpa ely/determ ned tio have a Ki

X
10'9). Tabl ﬁ st /conpar ati ve val ues of |1Csqo and Ki vadfues é@r]&é{
vari ety of al ogues® of and conpounds related to Cm/AXYas determ ned using
the sane protocol as defined above for CmA): 9 CEC IUUZ 27 TABLE 4 5 10
Conmpoundl CSOKi MDL 72222 (Reference Conpound)8.99 x 10-94 14 X 10'yCm B1.09
x 10-'S Ol x 10'iCm C2.16 x 10''9.94 x 10'bCm D4.69 x 10''2.15 x 10'' Cm
E2.88 x 10'' 1. 37he pftsénOinvdnBioRGalso pfbvides Aflethod'of Gath (#hibiting tAO'enkymd4 X
10'" The 1C50 value for Cm B and Cm D (210nM and 83nM respecti veI ; as
det er i ned asgwkgol@rmaeswr?ép adanagesizingshe sepptprintShE 3 pespearcemprising provpkingnt s)

are conpar abl e the v 4A t hr Qu 14F
structures BNty TW%{H@n@tn@Qae é%‘ggﬁl ggt?r% ‘E&aﬁ “W‘?)gg @Fﬁﬁ‘f’ﬁfg‘l&f
SHT. ~ RecepdHTS relséptewmlasphmhfaineal(&m@ﬁuﬁmwheynmhéh WRICR prifersdfy €d
intraperitoneally with I Ormg/kg Cn A (in 90% et hanol, 10% wat er, vehi cl e)
(n=3) or vedmmﬂmcs(n 3). After thirty mnutes animls were sacrificed and
brains were rapidly dissect edﬁi’ld frozen in isopentane naintained at -42C.
Sections (horizontal and corghkaid) @ere prepared on a cpyostat and 20

mai nt ai ned at -20C. Aut ' Brain s ons wefle refroved from
storage and t hawed at S f enperatur e f or_80 ni es~otal 5HT3 receptor
bi ndi ng was neasured gicti ons i NBUbathed wi th O SnM (3H) - zacopri de

(Amer hsam zacor pi de ™ ¥ ective ligand) in SO nM HEPES/ TRI S 25
buf fer. Non-specific binding'was deternnined in adjacent sections incubated
in the presence of radioligand and SOOnM 5-HT. After a 10 m nute incubation
at roomtemperature, sections were washed in ice-cold buffer (2x 1 m nute)
followetoby a | Gsecond rinse in icecold distilled water. Sections were
then dried i;g a streamof cold air overnight. After—drying, sections were
exposed to ¥-ray film (Kodak Hyperfilm and exposed for 4 nonths. - 9GE
C 2002 OCH;,

o) T,

9

As will be set forth in greater detail below, Cm.A has been demonstrated to be an

AChE inhibitor (see Example 2), a S-HT3 receptor antagonist (which allows for increased

15  release of neuronal ACh) (see Example 4), and as compared with equivalent doses of THA
and E2020, Cm.A does not evidence theside effects associated with these two compounds,

e.g., vomiting (see Example 1, infra). Because of this duality of mechanistic activity (i.e.,



z8 Anal ysi s Autoradiograns were quantifiedusing an aut omated i mage -dnHly®ils
system DAGE canera | MAGE software. Mean optical density neasurenents were
obtained from four individual neasurenents per group, control (vehicle
injected) and Cn A; background 5 neasur ﬁ/gents were obtained froman area
of x-ray on which no tissue was exposed asurenents were nmade in a region

f the brai f A ) dal a." Resuylt ted i

bar - g aph { OrftE IR GRS T8I SiseSHor Y e anis BB GOr ARE S OSRE I patfot
A coeuPt oo SUTBRTSRLL RGN SO ANacbieIns ECRYLIRIBELDY e,
conparative brain AsafhdddRRthodfloRed ftl fRefarMB s ichsomiRthiCarSldebes iMhdBooE Ve
avoi dance Using nale Wstar rats, passive-avoi dance studi es were conducted
usi ng a st ep refareacgh i §ppate@s.c oltharphaemacelicaiivt acaaptablar dajts dxthe | contpgo@nds

acquisition trial, at the tipe 15 when the animal entered the dark area, a
gui | | oti ne délssenhad heress éﬁfﬁ%dp%ﬁ’“éfi%kc?'i% agmgigle( acid addiyion sass.f @etalsalts,

seconds) was _del v i L 4 rs).: . f et i i_al
v contiuc eSS St AnTRuicoh ks, aa MRS id Bl Bl BRarpicl
ani mal ent er eftHeReiddadiion LR afd iAbEARK hcidRddiBASIMs86ch AUy dRthloHat 20T xte WRS
set at 600 seconds. Test substances were orally adm nistered 30 m nutes

before the aghosphiate, and orgaaic. ackd additise spled suehres-dcptates onhleatardumanatg, dartratent
Rats were treated i.p. with scopol amn 0.5 kg) 1 [ .nut es ore the
acqui sition tc?‘}"g? ?‘“%@8‘6&?!’ 8’&&‘%@6 ?1_0‘%? Qfgﬂ(sf‘%arggil@ﬂﬂ}c@i %hf F‘f’f‘aﬁ’ﬁﬁﬁé‘“ﬁb far ed
to the nopy r galigh SMNAddPotassiinf\st, Ulkdling @akth ndt Q@IS S6cH %@é&%ﬁm Qkit and
scopol am ne at doses of 0.1, 0,3 and 3.0 ng/kg. Results are sunmari ze&nl n
Fi gure 5. 25 c3lciuBysdlnhlexiinnlsalt, andimedsalte examypl esof dieramendniRat altsvee amioaaine d

S. . with cyc] oheximd 1.5 .ng/ kg), a protein synthesis inhibitor,
i nredi at el y Aaktagd @H@éﬁ&&‘ﬂ’?@lgﬁéé&i exewi%wé €I ERBIcANIAE adbtioreyadla arafalts

| at ency si gni_f.i.C - e W L -tre t.ro ol onged
e anr ¢ eaad P ABRE ARGt B ANl R R o adai B 8IS
non- dose depQﬂdﬁglyciﬁa,@nardylalaﬁﬁwgmmat@cmmydiﬂ@d{&ﬂfﬁxﬂu&ealé-are?’parﬁ@ﬁmy

forebrain (BF) |esion-induced nmenory inpairnment Using the stereotaxic atlas
of Paxi nos’, @refamed Watson, C. Tfre Rat Brair: in 5 Stereotaxic

Coosrdi nates, 2"d.;, Edition m San Di \ 1986)..  basal
forebrain (Br egmat,In {g\ccoic'_laﬁlc%ﬁﬁ%:gﬁz _p%ef%?é%pbga‘}psr%ﬁ 8\_%&2%%4‘155? g‘?’gdf’i’gﬂ%“’
identified a&@n@oaﬁdsror%mgbﬁﬁ@mwtﬂgmenﬁ&ﬁﬁb afirddhieddo systBh Qhidths el of
i botenic acid (7.5 ~g each) was infused to denervate the region. After 2

weeks, the adwth whitiitong the ieazymmacetyd plthline esterdse fandtagtagbnigimg she SesptoamdSHEPD 20
were detenmlined after si%ﬂée or repeat.ed d&)ses. 10 Cm,A decreased t he.

| at ency of BESTBITorRY UpKt LCTEIR, g?en%f%‘ JOEQAYSE teyd SASYERY oBeans plgring Adpyired
partiallyso buonband b e&ﬁhésmoxf ﬁ@@mrs?siemﬁ ATREMRYeY tHAE]s! ohlisttMAWER theetive
BF-1esion See Figure 7. Furthernore, the results summarized in Figure 8
support the posipphan bbthahusiegthatimdbitios ef acetylClmlific e8e@se pre&nBinniyd kygledgpnd f or
1 week evi denced i_rrproxement in é,ﬁnoveré) as potently as or nore potently
than THA and 3e&gopizingthgserptoghy 3 TFCSRIOR PTPED I NS AYSITHRI & NEThSYFIgRs 15 t he

anti-ammesti ¢ Q{?ﬂﬁ i L1k }Qﬁﬁal i n
eight-arrn r ggﬁg{la%j%&édaes . A@? %?%gglasf gﬁgﬁl?@?gm or gég‘th @Fag%%ﬁ?'??%%
menor y- est ablasweHds iratifo §ydemdsuchds diagwostibassays aditheliite. dhwilleloas beretdgaizad
than one error) were utilized. 20 1. Scopol am ne-induced deficit in spatial
mermory Tr%at rthatt compeunds gnd sempesitianhef the investjpi g3n Be ipmiodnesdip |asystamsaya a
decrease in the correct choices d an increase.in errors in spatial

mermor y- est abl YRR mgRs. Rgptbrefsted BpbpdimEn ot Sy sters iod payppgR need of both

signi ficantl %nhi \Y G/ hsal b bRiZineSBe Jekdbhia 3 -
A Y pp R b e g s e i e

spati al menorrgcepidr, {Bhagfer exampl6,. aankP patient! . TOsy “introducing Sorayysters” inebidesied
b
Y administration to a patient.
30 Preferred pharmaceutical compositions comprising the disclosed compounds are

in the form of tablets; given the nature of, e.g. AD, it is preferred that the therapeutic be



mcroinjection with ibotenic acid( 10~tg) simlarly to that of the-BR{( 0
| esi on of Exanple 4A(3) 5 After repeated treatnment for 2 weeks) CmA (3.0
ng/ kg/ day) significantly inproved the deficit of spatial nenory. See Figure
10. C. Water nmze Using young (2 nonth-old) nale Wstar rats or young (2
nmont h-ol d) and old (22 10 nonth-ol d) mahg Fischer 344 rats) the
anti-amestic effect of the conpounds in a Morris water naze task (Morris,

R J. Ne . .Meth., 2 1984 b d. th | 1. oy
par aimet e . SRR orfly [HABEHo ool W Rt RR et id et Medfashodso 2
such that thegani@kichatres, tdiRpdiRbd pre¥idd Irdréif Yhie (ORRIIated thaSoenhLutical

dianeter, 45 cmin height), arid started at one of five starting polnts
(sel ect ed r anohpositipns bp adecituter wish pharracéwicelty peqeptablechchfoxio eesprps ant o
t he hi dden pl atform gf i xed jn the E@g%:a&@of one quadrant, 2 cm bel ow t he

surface of waRGIESS ESSTated Breyioys!y T HHTHFAben articulagly dm the dogmeldalletst wi ce
ontitig : . e it
Spat)al IeaPhEHSuRYAEbIGTERYucREhL fitureht AFS SPANEREBGGHERN A ol B bfephudd"

after 2" daydr wed én Csurehteiab ddinniftthtiohs archaiind)én ahd €6is oI liduie soRfifons or

conpounds. Scopol amine (0.5 ng/kg, i._pééﬂ:and t he test conpounds (p.o0.) were
admi ni st er eduspensiaus; dutranapallye parteylanindbe-formof apwders opsat drope) or aciReslsi o5 ar e

sumari zed i,n Figure 11. The, | aten eriqod to escape onto the platform
decl i ned gr gaﬂﬁ?l&rvé?s%‘?rﬁé‘aﬁ’ﬁ}%gﬁnséﬁ?%gi < ncreased in the nontreated

control s. Scopol af loSitibhd Gl ihVentiBR t4H b | : S.
GA (1.0 o/ Kol e PR oh TR et il Ben{ g R LRt MIGESSS,

scopol antiOne forfinand siageprepresi yranfyi of shret methbde well kndvim s the pearmmaeatticalart Basal
forebrain (BF7 | esion-i duc.%d de&{'ﬁci.t in atial learning T égcape | at ency
period for BF PRERIReds ASicEibad in fsmingien s hhamackuioal SeiepeasdMack Fubakong - .

~ 7 days. Oy reat ' . : | ved
the - 9 GE?L"S“{% [80). Pl ssf%raﬁ g@?ﬁ%‘ﬁ?’ﬁg%%ﬁ%“%ﬁﬁ#@@ and
E2020( 0. 3 arficipientssterii ewaryor salieopolpaikylensgly tolssucl dpobfetiédneglyicol, Bilsigrt by
the BF-lesion See Figure 12. 3. Effect on aged rats As conpared with young
rats, aged wvagesableprigimiydigepatodnaphthaleprsandbedike Inmpartculare bissompatiticy
period. Even.after the, 1 .['" trial,,on a partial . decrease in. t | at ency
Peri od vias BifigEiiabEC ihets gralvilh - RS RRle Pae RE Ua Py BBt ne
deficit of §JBBIdx§\erob?R:h_Bb&ﬂql}rﬁerﬁda?‘b@hsdﬁﬁ%&bi}jicﬁﬁ% dchtreNthe Fleaé@ bilic hetive THA
evidenced simlar activity in this experiment. See Figure 13. Exanple 6 10
Humman Phase comPoimdsc al Othemipptentally useful parenteral delivery systems for these active

compounds include ethylene-vinyl acetate copolymer particles, osmotic pumps,
implantable infusion systems, and liposomes. Formulations for inhalation administration

20 contain as excipients, for example, lactose, or may be aqueous solutions containing, for
example, polyoxyethylene-9-lauryl ether, glycocholate and deoxycholate, or oily solutions

for administration in the form of nasal drops, or as a gel to be applied intranasally.
Formulations for parenteral administration may also include glycocholate for buccal
administration, a salicylate for rectal administration, or citric acid for vaginal

25 administration. Formulations for trans-dermal patches are preferably lipophilic emulsions.
The concentrations of the compounds described herein in a therapeutic composition

will vary depending upon a number of factors, including the dosage of the drug to be
administered, the chemical characteristics (e.g., hydrophobicity) of the compounds
employed, and the route of administration. In general terms, the compounds of this

30 invention may be provided in an aqueous physiological buffer solution containing about

0.1 to 10% w/v compound for parenteral administration. The preferred dosage of drug to



A Phase A clinical trial was conducted as a single-dose, doubl e-b|9iM,2001
pl acebocontrol | ed, dose-escal ation study. This study investigated the
safety and pharrnacokinetic profile of the particularly preferred salt
(depi cted in Figure 1 B; N-[2-( 1-benzypiperizin-4yl)

et hyl ]-2, 3-di hydro-9-nethoxy-1 H pyrrolo[3,4- b] quinolin-1-one

1 Doyl pi pare T A SRRSO b aIAhES RS TP gy AbPLP g

qui nolin-1-o0 3 o) el Y fram2 g to
180 my o hedt Pr iR R er 3 RO ALy OF Rl 63305y B9 VsfhuEP
fasting condibidpital effich@f dHthQonBBuhdiddlattedualiTorRil fiRTeHd c%ﬁ-lé:b[ln& E')?ciﬁireHQy
and conpleted the trial.” A maxi mumtol erated dose was not identified in
this study, and s routevdradatinid@fiony, there were 20 i nsu~ci ent adverse events

to establish a true "maxi numtaol.erated dose" in this study. |Indeed, there
were no clinical I?h%F%‘HPPWEQr‘Pf thif, FHYGRKon ¢an s erpployaqdeas dhg é&? ABAFLREANE I 2

noni tored in - i . Si E’%I } 51 : t

urinal ysis, %}%agﬁns%uﬁ ?%’a Yﬁe‘iog{rtﬁoﬁ'a?im%%a. ’etﬁéppv\agr%hﬁga g’e‘%c?ﬁ?)lﬂg&a v‘glrtggy%e\yent S
reported; sexgivelingdrediastger se events occurred during the study in

i ndi vi dual s receiving the conpound, and those that 25 may have possibly

been rel ated to tFee myapdemi fmhar idustrated by sy of abrifoHawingaexampless whistheare t hat

h ded d f AChE i i bi . E20 AR PT i 5
1 SO 0875 i ARBGRYC S b 1 R0R1, AT e
960- 963. 1N  Aguglect SikH ebloe 85ARkICRAGA, drhé bl oTBIHPNE, E2020 1S ot

described as having any effect upon the SHT3 receptor. ~~k C1(1JZ 32
It is intended that each of the patents, applications, and printed
publications nmentioned in this patent docunent be hereby incorporated by
reference in their entirety. As those SK¥MP¥8in the artwi ||l appreciate,

nuner ous changes ﬁ&d(ﬁp idd.cat i t Kk i ments
of the invention wt o(g‘lfﬁdc}@géhl égﬁ?%(%%%t e spsiv??r% Q@p@?ﬁ’:oﬁesg?%cgﬂ?@g)n_ 1t
i's intended (fbaherBl $S Phadmacauticalsj OosTolald, Japan)ri n t he scope of the
i nventi on. 9 0 EC 2002 33 What is clained is: 1. An acetylcholine
enhancer consisting of the follow ng chem cal conpound represented by the
fol |l owi ng St#l’,l‘ tuka' CN/ I\ N/ N\ N5 and pharnaceutically acceptable
salts thereotr**RPifet hod for both inhibiti ng the enzyne acetyl choline
esterasejgnd ant apiephditéic AnalysRr ot oni n SHT3 receptor in a systemthat
conprises both acetyl choline

A. Two-week study

Cynomologous monkeys were orally administered 5 mg/kg/day of Cm.A, THA
or E2020 once a day for 2 weeks to investigate and compare their respective
hepatotoxicity properties. The following parameters were examined: body weight,

20  clinical signs, food consumption, blood biochemistry (GOT, GPT, ALP, LDH, y-GTP,
ChE, Bil, T.Pro, Alb, A/G ratio, T.Cho, NEFA, TG). After the administration period,
the animals were sacrificed and autopsied. Organs and tissues were weighed, then
examined histopathologically.

During the dosing period, THA and E2020 caused vomiting and soft stools (or

25 diarrhea) sporadically, Cm.A also caused soft stools, but to a lesser extent than the
other two compounds. Decreases in food consumption and body weight were evident
in monkeys dosed with E2020. Changes in blood biochemical parameters induced by
dosing were evident by increases in ALP and TG in the THA-group, and increases in

LDH, T.Cho, NEFA and TG in the E2020-group. No substantial changes were



esterase and the serotonin SHI3 receptor, conprising introducing te gsgiCdpgy
system an 10 acetyl choline enhancer selected fromthe group consisting o
conmpounds of formula: OCH3 Ol \ i ~\ Ni NNS-CH30~-CH3 O\ I / I \ NNN
~ 9 (~EC1W 34 CNDOI \. / ~\ ~/ NNCH3B OOi \ t i "\ NNNNH ~
I ~ 1 \' NN and pharnmaceutically accepable salts thereof. The nmethod of
claim3 wherein said conpound is - ~0~¢Cczo~z350CCH3 Ol \' / ~\ N/
N N or a ph Gl - od of claim4
wher of 1"t ooy gieL o abibndf SRR SRlchrdRLR Ghd hi3topAlhBI el

examination in all the dosing groups. Results are summarized in Table 1.

Table 1
Hepatoxic summary for Cm.A, THA and E2020
5 (oral dosing ~ 2 weeks)
Observatons Cm.A THA E2020
M F M F M F
‘Clncal signs
wming. ~ T[T - TTT T e NEERY R .
soff stEol™" P S N FE s oy
Food consumption - - - - 3 -
Body weght - - - - v -
Blood bochemstry - - ™TALP TG T LDH TG
. hepRiea B FAURT NVt Teho |7
NEFA |
U WY NSNS I N
Autopsy,
Srgan weight s | L R E S
histopathology

- Vv vt e e e s0s s v n e —— s

- : no remarkable change T :increase {: decrease
+:slight ++severe (diarrhea)

These results support the position that Cm.A has a lower overall toxicity profile

as compared with THA and E2020, and that Cm.A evidences no hepatotoxicity.

10 B. Four-week study
Cm.A, THA or E2020 was given by oral administration for four (4) weeks to

cynomologous monkeys. During the testing period, these animals were dosed with
three different regimens: first, animals were dosed with 10 mg/kg/day for 7 days,
followed by 32 days-washout period, second, animals were dosed with 5 mg/kg/day for

15 14 days, and thereafter the animals were dosed with 10 mg/kg/day for 7 days. The
following parameters were examined: body weight, clinical signs, food consumption,
blood biochemistry (GOT, GPT, ALP, LDH, y-GTP, ChE, Bil, T.Pro, Alb, A/G ratio,
T.Cho, NEFA, TG).



formula: OCH3 0 1 \ HOOCH/ ~\ N/ N COOH N~ H 2 6. A pharnmaceut i-dalltl 200
conposition conprising a conpound of formula: CNOIl \' \ N/ NN or
pharmaceutically acceptable salts thereof. 7. A pharmaceutical conposition
conprising a conmpound of formula: ~J Yk Ceu-l OCH3 O/ \ | N36 1 Nor
a pharmaceutically acceptable salt thereof. 8. The pharnaceuti cal

i ti f clay,m7. I S| d OCH3 O 1 NI.l .N ~/N HOOC
T OOOH 6. A ot ROA 2P ot R oL DAL S ETSF HhBY VIRt ace
HaocH 0. A _ <& A
R o e N e e A Sl SR

bot h i nhi bi t ichghgehtn emainrBloadbioyiepticd] taas (BrtasameT@and NERY tdea@nsezinnOhk he
serotonin receptor SHT3 conprising providing an_individual in need thereof
with the conpodiliClen were dpaevident. AmmalsagcatedwiksCry eplFrbiiedmagimal adverse

f) .
- Ae ALL. A%e. c\gﬂi'ca Ls'i\gBr{s'a'rAf@\Ib'?‘gthr{able change in food consumption and body weight A small

increase in TG was observed in the Cm.A treated animals. Results are summarized in

Table 2.
TABLE 2
Hepatoxic summary for Cm.A, THA and £2020
10 (oral dosing - four weeks)
Observations CM.A THA E2020
M F M F M F
Clinical signs
vomiting - - +++ +++ +++ +++
soft stool - + -+ +++ 4+ +++
15  Food - - ) v $ v
consumption
Body weight { v ) v
Blood T:TG TG T TG T.TG T:TG T.TG
biochemistry NEFA NEFA NEFA NEFA
\.CHE
T.Cho
20 — : no remarkable change 7T:increase {: decrease

+:afew times +++: many times

These results support the position that at equivalent doses, Cm.A exhibited fewer

toxic signs than THA and E2020 in the parameters tested.
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12;(7)(3}2(0/?? C% ‘iﬁfé Bgﬁ%g}%oéﬁ (djﬁ;g %tﬁ)%@ % 1% 4P Y r(egpe'ctively Despite
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wWi[M!! yawning) were evident (data not shown) On the other hand, THA and E2020 Wthh

both increased the ACh content more potently and long-lastingly than Cm.A, also
evidenced the foregoing cholinergic symptoms, but with greater severity as compared
10 with Cm.A (data not shown).

In aged rats (25~27 month-old Fischer 344), similar increases which were
evidenced in young rats were also obtained, but with somewhat longer duration of
action than young rats. The lower potency of E2020 in aged rats relative to young rats
may be due to higher pre-treatment level of ACh (Fig 2F). Except for E2020-treated

15 aged rats, basal ACh levels in striatum were approximately the same between young

Wistar and young and aged Fischer 344 rats.

B. Effect on ACh release in hippocampus
ACh content in perfusate obtained from hippocampus (Bregma, A. -5.8 mm, L.
5.0 mm, H: 4.0 mm) of brain were continuously detected by means of HPLC and ECD

20 through the microdialysis system using freely moving rats (See Messamore and
Kawashima, supra). After an equilibration period, five fractions were allowed to obtain
basal ACh content. Test substances were injected i.p., and thereafter, microdialytic
analysis was conducted for 3 hr. Results are summarized in Figure 3.

Cm.A (10, 30 mg/kg) increased the ACh content in perfusate in a dose-

25 dependent fashion, 164% and 552%, respectively. Few centrally acting cholinergic
symptoms (e.g. tremor, chewing and yawning) were observed (data not shown). THA
and E2020 also increased ACh content similar to that observed with Cm.A, but the
effects of THA were somewhat weak. Moreover, concomitantly with this increase,
cholinergic symptoms as discussed in Example 3A were more apparent as compared

30 withCm.A.
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A. Invivo study - antagonistic action on peripheral 5-HT3 receptor
A bolus i.v. injection of serotonin (5-HT) (20 pg/kg) caused reflex bradycardia
5 transiently (von Bezold - Jarish Effect : B.J.E.) via activation of peripheral 5-HT3
receptor in anesthetized rats. The effect of Cm.A, THA and E2020 on peripheral 5-HT3
receptor were tested using B.J.E. as a model. Results are summarized in Figure 4.
Pretreatment with Cm.A inhibited B.J.E. dose dependently (3 to 10 mg/kg, i.v.)
without any change on blood pressure and heart rate (data not shown). THA evidenced
10 aslight tendency to decrease the reflex, but THA caused severe hypertension, salivation
and tremor at 10 mg/kg (data not shown). E2020 (0.1 ~ 1 mg/kg, i.v.) evidenced no
inhibitory effect on B.J.E., and E2020 caused hypertension, salivation and tremor at a

higher dose than 1 mg/kg, i.v.(data not shown).

B. In vitro study - IC, determination
15 Binding affinity of a variety of compounds, including Cm.A, for the 5-HT3
receptor was investigated using a commercially available serotonin 5-HT3 binding assay
(NovaScreen, Hanover, MD). The receptor source was NIE-115 cells (See Lunnis, S. C.
R. and Kilparick, G. J., 189: Evr. Jrnl. Pharmacol. 223 (1990); and Hoyer, D. and Heijt,
H. C., 33 Mol. Pharmacol., 303 (1988)). The reference compound utilized was "MDL
20 72222," a 5-HT3 receptor antagonist. Reactions were carried out in 20mM HEPES (pH
7.4) containing 150 mM NaCl at 25°C for 60 minutes. The reaction was terminated by
rapid vacuum filtration onto glass fiber filters. Radioactivity trapped onto the filters was
determined and compared with the control values.
Under the foregoing conditions, Cm.A was determined to have an ICs, 0f 1.18 x
25 10° (MDL 72222 was comparatively determined to have an ICs, of 1.74 x 10%¥). Cm.A
was determined to have a Ki of 5.52 x 107 under the foregoing conditions (MDL 72222
was comparatively determined to have a Ki of 8.15 x 10"%). Table 4 sets forth comparative
values of 1C,, and Ki values for a variety of analogues of and compounds relatedto Cm. A

(as determined using the same protocol as defined above for Cm A):
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L10% & () -f, & 10% & Cm. ) *~******+b@ ! RN6X110%& ()} 910%&' 9.p4 IRAUOTLOYR () |
10: Cm.D 4.69x 107 2.15x 107
Cm.E 2.88x 107 1.32x 107
Cm.F 3.90x 107 1.79 x 107
10 Cm. G 2.92x 107 1.34x 107
The IC50 value for Cm. B and Cm D (210nM and 83nM, respectively, as determined using
the protocols set forth in the above-referenced patents) are comparable to the value for Cm.
A. See Figures 14A through 14F for structures of Cm. B through Cm. G, respectively.
C. Ex Vivo Binding of SHT3 Receptors
15 Animals:
Animals (Sprague-Dawley rats) were injected intraperitoneally with 10mg/kg Cm.
A (in 90% ethanol, 10% water, vehicle) (n=3) or vehicle (n=3). After thirty minutes
animals were sacrificed and brains were rapidly dissected and frozen in isopentane
maintained at -42°C. Sections (horizontal and coronal) were prepared on a cryostat and
20 maintained at -20°C.

<~ @11 $10%@ () -
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Autoradiography:

Brain sections were removed from storage and thawed at room temperature for 30

minutes. Total SHT3 receptor binding was measured in sections incubated with 0.5nM

(®*H)-zacopride (Amerhsam, zacorpide is a S-HT3 selective ligand) in SOmM HEPES/TRIS

25 buffer. Non-specific binding was determined in adjacent sections incubated in the presence

of radioligand and 500nM 5-HT. After a 10 minute incubation at room temperature,

sections were washed in ice-cold buffer (2x 1 minute) followed by a 10second rinse in ice-

cold distilled water.

Sections were then dried in a stream of cold air overnight. After

drying, sections were exposed to x-ray film (Kodak Hyperfilm) and exposed for 4 months.

10@ 10@
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5 measurements were obtained from an area of x-ray on which no tissue was exposed
Measurements were made in a region of the brain referred to as the "amygdala." Results
are presented in bar-graph format in Figure 1 5. These results support the position that Cm.
A occupies SHT3 receptor sites within the brain, as evidenced by the inability of the

radiolabeled SHT3 selective ligand to be detected in the comparative brain sections.

10 Example$
Anti-Amnestic Studies
A. Passive avoidance
Using male Wistar rats, passive-avoidance studies were conducted using a step
through-type, 2 compartment (light and dark) box. In the acquisition trial, at the time
15 when the animal entered the dark area, a guillotine door was closed and an electric shock
(0.5~0.8 mA for 3 seconds) was delivered to the animal. After 24 hours, the retention trial
was conducted: the rat was put in the light area and the time until the animal entered the
dark area (latency) was measured. Cut-off latency was set at 600 seconds. Test substances

were orally administered 30 minutes before the acquisition trial.

20 1. Scopolamine-induced memory impairment
Rats were treated i.p. with scopolamine (0.5 mg/kg) 15 minutes before the
acquisition trial. Scopolamine shortened the latency significantly compared to the non-
treated control. Cm. A significantly reversed the effect of scopolamine at doses of 0.1, 0.3

and 3.0 mg/kg. Results are summarized in Figure 5.

25 2. Cycloheximide-induced memory impairment
Rats were treated s.q. with cycloheximide (1.5 mg/kg), a protein synthesis inhibitor,
immediately after the electric shock. Cycloheximide also shortened the latency

significantly compared with a non-treated control. Cm.A prolonged the shortened latency
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3. Basal forebrain (BF) lesion-induced memory impairment
Using the stereotaxic atlas of Paxinos, G. and Watson, C: The Rat Brain in
5 Stereotaxic Coosrdinates, 2*. Edition, Academic Press, San Diego, CA (1986), basal
forebrain (Bregma, A° 1.4 mm, L: 2.6 mm, H: -7.0 mm) was bilaterally identified and a
pair of microsyringes inserted therein, through which ibotenic acid (7.5 pg each) was
infused to denervate the region. After 2 weeks, the acquisition trial was conducted. Effects
of Cm.A, THA and E2020 were determined after single or repeated doses.

10 Cm.A decreased the latency of BF-lesioned rats. A single dose of Cm.A (0.03 ~ 1.0
mg/kg) partially, but significantly, recovered the memory deficit induced by BF-lesion
See Figure 7. Furthermore, the results summarized in Figure 8 support the position that
repeated doses of Cm.A (0.03 ~ 0.3 mg/kg/day) for 1 week evidenced improvement in
recovery as potently as or more potently than THA and E2020.

15 B. Eight-arm radial maze
Using male Wistar rats, the anti-amnestic effects of Cm.A on spatial cognition was
evaluated using an eight-arm radial maze task. After repeated trials for spatial cognition,
memory-established rats (which had more than 7 correct choices and less than one error)

were utilized.

20 1. Scopolamine-induced deficit in spatial memory
Treatment with i.p. scopolamine (0.5 mg/kg) significantly caused a decrease in the
correct choices and an increase in errors in spatial memory-established rats. A oral dose
of Cm.A (0.03 ~ 0.3 mg/kg) significantly improved the deficit of spatial cognition. See
Figure 9.
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5 After repeated treatment for 2 weeks, Cm.A (3.0 mg/kg/day) significantly

improved the deficit of spatial memory. See Figure 10.

C. Water maze
Using young (2 month-old) male Wistar rats or young (2 month-old) and old (22
10 month-old) male Fischer 344 rats, the anti-amnestic effect of the compounds in a Morris
water maze task (Morris, R. J. Neurosci. Meth. 27 (1984)) was observed under the
following parameters. For each training trial, the rat was placed in the water (22°C) such
that the animal faced the wall of a circular pool (150 cm in diameter, 45 cm in height), and
started at one of five starting points (selected randomly). In each trial, the latency period
15 to escape onto the hidden platform (fixed in the middle of one quadrant, 2 cm below the
surface of water) was recorded. These procedures were repeated once or twice a day during

the experimental period.

1. Scopolamine-induced deficit in spatial learning
A total of 6 trials (2 trials on 1* day, and 1 trial after 2™ day) were conducted to
20 observe the effects of the test compounds. Scopolamine (0.5 mg/kg, i.p.) and the test
compounds (p.o.) were administered 30 and 60 minutes before each trial, respectively.
Results are summarized in Figure 11.
The latency period to escape onto the platform declined gradually as the number
of trials increased in the nontreated controls. Scopolamine significantly inhibited this
25 learning processes. Cm.A (1.0 mg/kg/day) improved the deficit in spatial learning induced

by scopolamine. THA showed no significant effect in this experiment.

2. Basal forebrain (BF) lesion-induced deficit in spatial learning
T escape latency period for BF-lesioned rats did not decline even after repeated

learning ... 7 days. Oral treatment with 0.3, 1.0 and 3.0 mg/kg/day of Cm.A improved the
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3. Effect on aged rats

As compared with young rats, aged rats (22 month-old) were unable shorten the
escape latency period. Even after the 11" trial, only a partial decrease in the latency
period was evident in the aged rats. However, Cm.A gradually improved the deficit of
spatial learning to a level nearly equivalent to young rats. THA evidenced similar activity

in this experiment. See Figure 13.

Example 6

Human Phase I Clinical Analysis.

A Phase IA clinical trial was conducted as a single-dose, double-blind, placebo-
controlled, dose-escalation study. This study investigated the safety and pharmacokinetic
profile of the particularly preferred salt (depicted in Figure 1B; N-[2-(1-benzylpiperizin-4-
yl) ethyl]-2,3-dihydro-9-methoxy-1 H-pyrrolo [3.4- b] quinolin- 1 -one hemifumarate) of the
compound of Figure 1A, N-{2-(1-benzylpiperzin-4-yl) ethyl]-2,3-dihydro-9-methoxy-1 H-
pyrrolo [3,4-b] quinolin-1-one. The compound was administered orally in doses from 2
mg to 180 mg to healthy volunteers (male and female), aged 50-75 years, under fasting
conditions. A total of 68 individuals were enrolled in the study and completed the trial.
A maximum tolerated dose was not identified in this study, i.e., even at 180 mg, there were
insufficient adverse events to establish a true "maximum tolerated dose" in this study.
Indeed, there were no clinically significant changes in any of the safety parameters
monitored in the study (vital signs, ECG, blood chemistry, hematology, urinalysis, and
physical examination). There were no serious adverse events reported; sevenmild adverse
events occurred during the study in individuals receiving the compound, and those that
may have possibly been related to the compound included headache and nausea.

It is noted that the recommended dose for the approved AChE inhibitor E2020
(ARICEPTO) is 5 or 10 mg per day. See, Physicians Desk Reference, 53 Edition, 1999,
pages 960-963. Although a clinically-established inhibitor of AChE, E2020 is not
described as having any effect upon the SHT3 receptor.
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be made to the preferred embodiments of the invention without departing from the spirit

5 of the invention. It is intended that all such variations fall within the scope of the

invention.
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5. The method of claim 4 wherein the acetylcholine enhancer has the
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6. A pharmaceutical composition comprising a compound of formula:
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=
N
or pharmaceutically acceptable salts thereof.

7. A pharmaceutical composition comprising a compound of formula:
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9. A method of both inhibiting the enzyme acetylcholine esterase and
antagonizing the serotonin receptor SHT3 comprising providing an individual in need

thereof with the composition of claim 6.

10. A method of both inhibiting the enzyme acetylcholine esterase and
10 antagonizing the serotonin receptor SHT3 comprising providing an individual in need

thereof with the composition of claim 7.



