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‘DESCRIPTION

PRODRUG OF “DONEPEZIL HYDROCHLORIDE

Technical Field
The present invention relates to a novel
prodrug of donepezil:hydrochloride,.which is a

thérapeutic agent for Alzheimer type dementia, a

‘process for production thereof and a pharmaceutical

composition containing them.

Backgréund Art

‘In }ecént years, senile dementia represented
by Alzheimer type dementia has bécome a serious problem
with a growth of the aged population, and‘the
de?elobment of an excellent therapeutic agent.for
senile dementia is eaéerly desired.. |

It haS been reported that in case of

- Alzheimer typé dementia; the amounts of

neurotransmitters such as acetylcholine, norepinephrine

and serotonin are decreésed with the accumulation of R-
amyloids. The cholinesterase inhibitor that controlled
the decomposition of the acetylcholine was developed by
focusing attention on the close relation to the
decrease in the cognitive function including the memory
to the degeneration of cholinergic neuron. The
cholinesterase inhibitors used as a therapeutic agent

for Alzheimer type dementia includes donepezil
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hydrochloride, rivastighine and galantamineh etc.
Among these acetylcholine inhibitors,
donepezii-hydréchloride is an exceilent_thefabeutic
agent characterized by a few peripheral side éffect
based on the high selectivity of acetylcholinesterase
to butyrylcholinesterase and by the long half-life 'in

blood etc. (see Japénese Patent No. 2578475, Japanese

‘Patent No. 2777159 and J of Med Chem (1995) 38, 4821).
.As a result of ‘clinical tests, it has been confirmed

that donepezil hydrochloride is effective against a

mild or medium casé'of Alzheimérltype dementia. :The
effect of donepezil hydrochloride is the.suppreséionldf
the progress of dementia symptoms iﬁ a mild or medium
case.of Alzheimer type demenfia. In addition, on the
basis of the results of subsequent clinicai tests, én
additioﬁal applibation for launching donepezii

hydrochloride with new efficacy and effect on a serious

case of Alzheimér type dementia has been made.

Disclosure of Invention

Donepezii hydrothoride is a very excellent
therapeutic agent for Alzheimer type dementia from the
viewpoint of efficacy, absorption, distribution,
toxicity and the like and is most commonly used all
over the world. Donepezil causes a rapid increase of
its blood level after administration because of its
satisfactory absorption and distribution, to exhibit

its efficacy. On the other hand, it has been reported
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that thé side effegts of donepezil hydrobhloride, suéh
as vomit, diarrhea and nightmare.are observed which are
consideréd to be due to the rapid increase of the blood
level of donepezil caused soon after admini$tration.
The remission and reduction of the side effects.(e.g;
vomit, diarrhea and nightmare) caused in some cases are
a problem to be‘solﬁed for the present invention.

The present inventors earnestly made.efforts
in oraer to solve the abbve probleh, and génsequéntly

could prevent .the rapid increase of the blood level of

"donepezil by converting donepezil to a'prodrug'ﬁd

retard the reléase of the pharmaceutical activity
itself intod biood; This prevention-permits remission
and ;eduction of the above-mentioned side. effects (e.g.
vomit, diarrhea.and nightmare) observed in'sdme casés,
whereby the present invention has been-accompiished.
That 1is, thé present invention relates to a

compound‘represénted-by the formula (I):

wherein R is a Cl-6 alkyl group optionally substituted
by one to three substituents selected from the
substituent group o, a carbamoyl group optionally
substituted by one or two Cl-6 alkyl groups, a C6-14

aryloxycarbonyl group optionally substituted'by one to
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‘three substituents seleCted from the substituent gfbhp

o, a C2-6 alkanoyl group optlonally substituted by one
to three substltuents selected from the substltuent

group a, or a C6—l4larylcarbonyl group optlonally

" substituted by one to three substituents selected ffem

the substituent group a; and n is an integer of 0 or 1,
or a pharmaceutically acceptable salt thereof; said .

substituent group a consisting of a Cl-6 alkoxy group,

‘a C2-6 alkenyl.group, a Cl-6 alkyl group,.a Cl-6

alkylthiq gfoup} a_C2—6 alkynyl group, a C6-14 aryl
group, a cyaﬁo groep, a C3;8 eyeloaikoxy group,:e1C3—8
cycloalkyl gfoup, a C3-8 cycloalkylthio greup,_a |
halogeﬁ-atom and a nitro group. |

Further, the present invention also relates

to a process for producing a compound.repfesented by

the formula (I):

wherein R and n are as defined above, or a
pharmaceutically acceptable salt thereof, which
comprises the steps of;

reacting a compound represented by the

formula (III):
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or a salt thereof with a compound represénted by the

formﬁla (IV):_l
RICOX  (aV)

wherein R! is an amino group obtionélly-sﬁbstituﬁed by
one or two C1?6 alkyl groups, a C6-14 aryloxy group
optionélly’suBstituted_byIOne-to three substituents
sélegted from the substituent group a as defined above,
a Cl-6 alkyl group'optiqnally substituted.by one to
three gubstituents selected from the substituént a as.
defined above, or a Cé—14 aryl group optionaily

substituted by one to three substituents selected from

" the substituent group a as defined above; and X is a .

leaving group, or
reacting a compound represented by the

formula (IITI):

@)
MeO:]::::I:%:]//\\I:::j
N\/@
MeO
(e

or a salt thereof with a compound represented by the
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CH(ORY); (V)

wherein R? is a Cl-6 alkyl group optionally substituted
by one to three substituents selected from the
substituent grdup o as defined above,

thereby obtaining a compound represented by

‘the formulé (I1):

()

wherein R is a Cl-6 alkyl group optionally substituted
by one to three substituents selected from the
substituent group a as defined above, a-carbamoyl group

optionally substituted by one br two Cl-6 alkyl groupé,

-a C6-14 arylokycarbonyl group optionaliy substitutedlby

ohe to three substituents selected from the substituent

groﬁp o as defined'above, a C2-6 alkanoyl group
optionally substituted by one to three substituents
selected from the substituent group a as defined above,
or a C6-14 arylcarbonyl group optionally substituted by
one to three substituents selected from the substituent
group a as defined above, or a salt thereof, and

if necessary, subjecting the compound of the

formula (II) or a salt thereof to salt forming reaction

PCT/JP2006/321443
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and/or oxidation reaction.

Still further, the present invention relates
to-a phafmaceutical commposition comprising é compound
or a pharmaceutically acceptable salt therépf as
defined above, as an active ingredient.

The compound of the formula (I) of the
preséht invention ié'expected to be effective in the-

treatment, prevention, remission, amelioration and the

.like of, fbr example, a cerebral accident (e.g.'

cerebrai heﬁorrhage or_cerebfal infarction), cefebral
arte;iosclerosis, 5; a head injury; énd aprosexiéf
lalopathy, hypobplia, emotional disturbance, memory
disturbance, hallucinatoryéparanoid.syndrome,
béhavioral abnormality which are associated with, for
ekample, encephalitis or cerebral palsy. |

| In addition, the remission and reduction of
the side effects (e.g. vdmit, diarrhea and nightmare)

observed: in some cases after the administration of

- donepezil hYdfochloride are the expectéd'advantages of

the present invention.

Best Mode for Ca;rYing Out the Invention

In the description in the present
specification, the term "halogen atom” means a fluorine
atom, a chlorine atom, a bromine atom, an iodine atom
or the like, preferably a chlorine atom or a bromine
atom.

The term "C3-8 cycloalkyl group” means a
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cyclic élkyl:group of 3 to 8 carbon atoms. ,Préferaﬁle
examples of this group are cyclopropyl group,
cyclobufyl group,'cyclopgntyl group, cyclohegyl group,
cycloheptyl group, cyclooctyl group, etc. . _
The term "Cl-6 alkyl group" means an.alkyi

group of 1 to 6 carbon atoms. Preferable examples of
this.group are'linear or brénched alkyl groups such as

methyl'group, ethyl gfoup,'n—propyl’group, isopropyl

.group,.nQbutyl~group, isobutyl gréup, t—butyl'group, n-

pentyl_group,.isopentyl group, neopentyl group, n-hexyl

group, 1~methylpfopyl group, 1,2—dihethylpropyllQrpﬁp,
l—ethyipropyl grQup, l-methyl-2-ethylpropyl grouﬁ, lf‘
éthyl—Z—methyipropyl.group; 1;1,2—t£imethylpropyl
gfoup, l—methylbutyl group, 2-methylbutyl group, 1,1-
dimethylbutyl groupf'Z,Z—dimethylbutyl grdup, 2-
ethylbqtyl group, 1,3-dimethylbutyl group, 2—-
methylpentyl group, B;methylpentyl group, etc. More

preferabile exambles thereof are methyl group, ethyl

© group and ﬁépfopyl group.

The term "C2-6 ‘alkenyl group". means an
alkenyl group of 2.t§ 6 carbon atoms. Preferable
examples of this group are linear or branched alkenyl
groups such as wvinyl group, allyl group, 1—propenyl
group, isopropenyl group, l-buten-1-yl1 group, l-buten-
2-yl group, l-buten-3-yl, 2-buten-1-yl group, 2-buten-
2-yl group, etc.

The term "C2-6 alkynyl group" means an

alkynyl group of 2 to 6 carbon atoms. Preferable
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- hexyloxy gfoub.

g
examples of this group are linear or branched alkyhyl
groups such as ethynyl group, 1—p;opynyl group,'2—

propynyi group, butynyl group, pentynyl'group,ghexynyl

group, etc.

The term "Cl-6 alkoxy group"'means a éroup'
formed by the replacement'of a hydrogen atom of én‘
alkyl group of 1 to 6 carbon atoms by an oxygen atom.
This group includes,-for example, methoXy group, ethoxy
group, n—pfopoxy group, isopropoxy group,:h—butoxy
group, isobﬁthy group, sec-butoxy group, t—butéxy'_
group, h-pentyloxy group, isobentylb%y'group; seé—
pentyloxy group, t-pentyloxy group, n—hexylbxy gfoup('
isohexYloxy gfoup, 1,2—dimethylprop§xy group, 2=
ethylpropoxy group, l—methyl—Z—ethylperdxy gfoup, 1-
ethyl—2—methylpropoxy group,,1,1,2—trimethylpropoxyl
gréup,_1,l—dimethylbutoxy group, 2,2—diméthylbutoxy
group, Z2-ethylbutoxy group, 1,3—dimethylbutoiy groué,
2—methylpéntquky groﬁp, 3—methylpéntyloxy'group and

The term "C3-8 -cycloalkoxy g:oup".means-a
group formed by the feplacement of a hydrogen atom of a
cyclic alkyl group of 3 to 8 carbon atoms by an oxygen
atom. This group includes, for example, cyclopropoxy
group, cyclobutoxy group, cyclopentyloxy group,
cyclohexyloxy group, cycloheptyloxy group and
cyclooctyloxy group.

The term "Cl-6 alkylthio group"” means a group

formed by the replacement of a hydrogen atom of an
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 alkyl_group of 1 to 6 swcarbon atoms by a sulfur. atom.

This group includesfstQgExamplé,Emethylthié group,
ethylthio group, n-propylthio group, iSoprépylthio

group, n-butylthio gropp,~isobuﬁylthio groﬁp} t-

"butylthio group, n—pénfylthio group, lsopentylthio

group, neopentylthio group, n-hexylthio group and I-

methylpropylthio group.

The term "C3-8 cycloalkylthio group" means a

group formed'by the replacemeﬁt of a hydrogen atom of a

cyclic_élkyl gréup_of 3 to 8 carbon atoms by a éulfur
atom. This group includes, fof example, |
cyclopfopylthib group, cyclobutylthio gréup,
cyclopentylthio group, cy¢lohexylthio group}
cjclqheptylthio group and.;yclooctylth%o.group.

‘The "C6-14 aryl. group" includes,‘for example,

- phenyl group, naphthyl group and anthryl groub. Of-

these, phenyl group is preferable.

The térm "C6-14 aryloxycarbonyl group" meané

" a group formea by bonding of a carbonyi group,td the .

phenolic hydroxyl.group of an aryloxy group of 6 to 14.
carbon atoms. Preferable_examples of this group are
phenoxycarbonyl group, naphthyloxycarbonyl group,
anthryloxycarbonyl group, etc. Phenoxycarbonyl group
is more preferable.

The term "C6-14 arylcarbonyl group" means a
group formed by bonding of a carbonyl group to an
aromatic ring of 6 to 14 carbon atoms. Preferable

examples of this group are benzoyl group, naphthoyl
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.group, etc. Benzoyl grbup is more preferable.

The term "C2-6 aikanoyl_group" means an
alkanoyliéroup;of'Z to 6 carbon atéms.'"Preferable
exampleé of this group are acetyl gfqup, pfppanoyl
group, butanoyl group, pentanoyl grdup énd hexaﬁoyl
group. |

| The term "substituent group a" means the

group consisting of a'C1—6'alkoxy group, a C2-6 alkenyl

Vgroup, a Ci—6 alkyl group, a Cl-6 alkylthio group, a

C2-6 alkynyi grbuph a C6-14 aryl group, a cyano group,
a C3-8 cycloélkoxy group;.a'CB;S cyéioalkyl groﬁp,‘a
C3-8 cycioalkyithio group, a halogen atom_aﬁd a.ﬁitro'
group. .- |

The term "pharmaceutically acceptable salt"
means a salt of the compound (I) which can'be used as
an actiye agent of a pharmaceutical cbmpositibn.
Preferred examples of-such a salt may includé_a minéral

acid salt such és hydrochloride, hydrobromide, Sulfaté

. . 1
- and nitrate; an inorganic acid salt such as

pérchlorate, phosphate, carbonate and bicarbonéte; an

organic carboxylaté such as acetate, oxalate, maleate,
tartarate, fumarate and citrate; an organic sulfonate
such as methanesulfonate, trifluoromethanesulfonate,
ethanesulfonate, benzenesulfonate, toluenesulfonate and
camphorsulfonate; an amino acid salt such as aspartate
and glutamate; a quaternary amine salt; an alkali metal
salt such as sodium salt and potassium salt; and an

alkali-earth metal salt such as magnesium salt and

PCT/JP2006/321443
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I | The term_fsaltf means -the same meanings as
those.oflghe term'"phaﬁmaceuticaily acceptable salt" as
mentioned above.
Next, a process for producing the compoundvof"
the formula (I) of the présent iﬁvention (hereinafter

referred to as the Compound'(i);fthe same abbreviation

'applied to compounds fepresénted by other formulas) or

a salt thereof -is explaihed below.

The .compound (I). or a salt thereof is
synthesized by the use of a compound (III) or a salt
thereofﬁ.which'is donepezil or donepezil salt, as a

starting material as shown below.
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R1J-J\x' or  CH(OR%3

awy 4%)
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R
MeO i
MeO g

e

\/@

\
o

That is; the synthesis is carried out by the .
following process 1 when R of the compound (I) is the
carbamoyl group, the aryloxycarbonyl group, the

alkanoyl group or the arylcarbonyl group.
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Process 1

A compound_fIII)'

oo™ | 'N\/Q
MeO ' _

(11D

or a salt thereof is. 'reacted with a compouhd

'repﬁesented by the fofmula (IV):

R!COX. (Iv)

wherein..R1 is én'amino group optionally éubstitutéd by
one or two*C1;6 alkyl groups, -a C6—i4 aryloxy group
obtionally substitqted by one to three‘substituents
selected from the substituent group o, a_Cl;é alkyl.
group thionally substituted by one to. three .
substituents selected'frém the substituent gfoup o, or

a C6-14 aryl gréup optionally substituted by one to

: three-substitﬁehts selécted from the sﬁbStituent group

o; and X is a leaving group.

More speéifically, when R' is an amino group
optionally substituted by one or two Cl-6 alkyl groups,
the reaction 1s carried out in pyridine solvent in a
sealed tube at a'temperature of 0 to 100°C, preferably
90°C. When R' is an C6-14 aryloxy group optionally
substituted by one to three substituents selected from
the substituent group o, or when R! is an Cl1-6 alkyl

group optionally substituted by a substituent(s)
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selectedifrom the substituent group «, er a C6-14 eryl
group optionally substitutedfbyfajsubStituent(s)
selected rrom the substituent -group «, the reaction is
carried out at -60°C to room temperature in an inert
solvent such as tetrahydrofuran or dlmethylformamldelby
using lithium bistrimethylsilylamide or lithium
diisepropylamide as a base. o

As to the synthe51s of the startlng material

(IV), when R' is an. amino group optlonally substltuted

by one or two- Cl 6 alkyl groups, R? COX is generally

synthesized by the use of a correspondlng amine as a
starting materlal according to methods as descrlbed_ru
Tetrahedron Lett, 1994, 35, 839. When R is a C6-14
aryloxy group optionally substituted by one to three
substitueuts selected.from the substituent group a,
Rlcox'i; generally synthesized by the use of é
corresponding phenol as a.starting material eccording

to methods as described in.J of Med Chem (1983)'26, 264

~and Synthesis’(1993) 103. When R! is a Cl- 6 alkyl group

optlonally substltuted by one to three substltuents
selected from the substltuent group o, or a C6-14 aryl
group optionally substituted by one to three
substituents selected from the substituent group a,
RCOX is generally obtained in high yield by treating a
corresponding carboxylic acid with thionyl chloride or
oxalyl chloride according to methods as described in
Jikken Kagaku Koza (Experimental Chemistry), 4th

Edition, Vol. 22, 115, Maruzen Co., Ltd.
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Oherwise, the compound. (I) or a salt thefeof o

is synthesized by the procéss 2 when R of the cdmpound-

(I) is an optionally substituted C1-6 alkyl group.

Process 2 .

A compound (III)

(11D -

or a salt thereof is reacted with a-compound

5 represénted,by'the formula (V):

CH(ORY);. (V)

whérein R is a Cl-6 alkyl group optiénally sdbstituted_
by one to three substituents selected ffom the
Substitueﬁt groﬁp o.
Mdrelspecifically, the compouﬁd'(III) or salt
10 thereof is reacted with the cempound (V) in a sealed
tube in the presenbe.of an acid such as hydrochloric
acid or p-toluenesulfonic acid at a temperature of 0 to
100°C, preferably 90 to 100°C. This reaction proceeds
also on microwave irradiation.
15 The compound (V) may be generally synthesized
in high yield by the use of a corresponding alcohol and
ethyl orthoformate as starting materials according to

methods as described in J. Am. Chem. Soc. 74, 554
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(1952) and ibid. 77, 3801 (1955]

Thus, according to tHe.process 1 and the

process 2, the'compound (II)

(11

‘wherein R is as defined above, or a salt thereof is
5 _obtaingd. | o
| If neéessary, such a compounds(Ii) may be
converted to a salf_with, for éxample'hydrochlofici
acid, Hydrobromig acid, p—toluenesulfonic_aéid or thel
like according to a conventional method. In addition,
10 4if necessary, the compound (II) or the‘salt thereof is

converted to an N-oxide enol compound (I):

© OR | -
MeO Ii '
‘ O N\/©
' MeO | ,
: (Ohn
: (1) '
wherein R is as defined above, and n is an integer of
1, by oxidation with an oxidizing agent such as
15 hydrogen peroxide, a hydroperoxide or perbenzoic acid
or the like at a temperature of -20°C to a room
temperature in a solvent such as benzene, methanol,
methylene chloride or chloroform for 1 hour to 3 days.

The compound of the formula (I) or a

20 pharmaceutically acceptable salt thereof is useful as a
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~in one portion or several portions.

18

therapeutic agent for Aizheimérftype'dementia and may

be orally or parente:ayiyﬂadmiﬁiStered for treatment.

When gsed“in the form éf an oral preparation, the
compound may be formulated int§’a solid preparation
such as a powder, granules; capsules, tablets of the
like or a liquid-pfeparation such ‘as a syrup, elixir or

the like. When used in the form Sf_a parenteral

'preparation, the.compdund may be formulated into an

injection, an inhalation, a percutaneous preparation, a

suppository or the like. .These preparations are

produced according to conventional methods by adding

pharmaéélogically and pharmaceutically acceptablé
preparafion adjuvants'to the active.ingredient.n
Alfhough the dose is varied depending Qn;the kind of a
disease to be treated, the age, sex, body Qeight and
éymptom of a patient, and administration rOuté, the
compound is administefed.in a dosé_of, in general,
approximately 1>fo 10 mg in terms of donepezil per day

' The present invention is illustrated in:
detail with the foiléwihg examples, which should not be
construed as limiting the scope of the invention. The
abbreviations used in the examples are common
abbreviations generally known to those skilled in the
art. Some of the abbreviations are described below.

A proton nuclear magnetic resonance spectrum
was measured at 400 MHz by the use of CDCl; as a

solvent, and chemical shift is recorded in & unit (ppm)
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‘with respect to tetrameﬁhyﬁsiﬁame‘and coupling

constants were recordéd n hertz (Hz). In'a spectral
pattern, s; singlet, d; doublet; t; triplet, and b;

broad..”Analytical th1n41ayef»chr@matography (TLC) was

‘carried out on a pre-coated silica gel plate (60F-254),

followed by visualization'and detection by the use of
UV light and ethanolic phosphomolybdic acid.

Example 1

‘Synthesis of l-benzyl-4-[(1,5,6-tfimethoxy-3H-inden)-2-

yl]methYlpiperidine

OMe

‘To donepezil (200 mg, 0.527 mmpl) were added
1 ml éf trimethyl orthoformate and 2 ml of a 1.25 M

solution of hydrogen chloride in methanol, and the

reaction\mixturé was. stirred in a sealed tube at 90°C:

for 5 déys;' The reaction mixture was éllowed_to cool
tb room temperatufe and was then concentratéd'under
reduced pressure fo'remove the solvent. Methylene
chloride was added to the residue, followed by washing
with a saturated aqueous sodium hydrogencarbonate
solution. The organic layer was dried (MgSO4) and then
concentrated under reduced pressure, and the resulting
residue was purified by a silica gel column
chromatography (NH-silica gel, n-hexane/ethyl acetate)

to obtain the title compound (43.0 mg, yield: 21%).
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- In another pfocess, donepezil-(250 mg, 0.659.  
mmol), 1 ml of trimethyl_orthoformate and 3 ml of a
1.25 M éolution of hydrogen chioride in methanol were
plaéed in a sealed tube, and the reaction ﬁixture was
irradiated with a microwave at an output of lOO”watts
for 40 minutes at a reaction temperature of 90°C. The
reaction mixtufe was allowed to cool to room

temperature and was then concentrated under reduced

pressure to remove the solvent. A saturated aqueous

sodium hydrogencarbonate solution was added to the

‘residue, followed by extraction with methylene

chloride. Thé organic. layer was dried (MgSO4) aﬁd thén
concentrated ﬁnder reduced pressure, and the resulting
résidue was purified by a silica gel column
Ch;omatogiaphy.(n—hexane/ethyl acetate) td obtain the
title compound (69.3 mg, yield: 27%). -
1H—NMR(CDCl3)8:1.19—1.31(2H,m),-1.37—1.47(1[-[,rﬁ),i.55—

1.62(2H,m),1.85(2H,dt,J=0.20,1.16Hz),2.31(2H,d,J=

" 0.72Hz),2.80 (2H,b-d, J=1.16Hz), 3.06 (2H,s) ,3.41 (2H,s),

3.80(3H,s),3.81 (3H,s),3.84(3H,s),6.80 (1H,s),6.88 (1H,
s,),7.13-7.25(5H,m) . |

ESI-MS:m/z=394 (M+H") .

Example 2

Synthesis of l-benzyl-4-{(1-N,N-

diisopropylcarbamoyloxy-5,6-dimethoxy-3H-inden) -2-

yllmethylpiperidine
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' ' OCON(i-Pr);
_ MeO I
: ’ MeQ . _

N,N-diisopropylcarbamoyl chloride (94.9 mg,
0.580 mmol) and 2 ml of pyridine were added to
done?ézil (ZOQImg, 0.527 mmol)( and the reaction
5 mixture was stirred in a séaled tube at 90°C for 5 days.

The reactibn mixture was allowed .to cool fo room
temperaﬁure.and'was then concentrated under reduced
pressure to remove-the solvenf. Ethyl'adetate'wés
added to the residue, followed by washing with a‘

10 saturated aquéous'sodium bydrogencafbonate solution and
then_a saturated aqueous sodium chlori@e:solution. Thé
organic layer was dried (MgS04) and then.cbnéentratéd
under ;educed pressure, and the resulting residue was,
purified by a silica éel.column chromatography'(NH—

15 silica gel, n—hékane/ethyl acetate) . Then, the mixture

" thus obtained was purified by a preparétive thin-layer

chromatography (méthylene chldride/methanol) to obtain '

o\

).

'H-NMR (CDC13)8:1.16-1.34(14H,m),1.37-1.48(1H,m),1.57-

the title compound.(47.0 mg, yield: 18

20 1.64(2H,m),1.84(2H,dt,J=0.20,1.16Hz),2.24(2H,d,J=0.71Hz
),2.78 (2H,b-d, J=1.16Hz),3.16 (2H, s), 3. 40 (2H,s),
3.78(3H,s),3.79(3H,s),3.88-4.08 (2H,m), 6.56 (1H,s),

6.87 (1H,s),7.15-7.25(5H,m) .

ESI-MS:m/z=507 (M+H") .
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Example 3:

Synthesis of 1—benzyl—4¥[(l—phéhoxycarbonylgxy+5,6_

dimethoxy—BH—inden)—2fyllmethylp£peridine

OCOOPh

Donepezil (1bo mg; 0.264 mmdl) was dissolved
5 in tetrahydrofuran (THF, 3 mlf uhder a nitrogen
atmosphére and -the resulting solution was cooled to -
60°C. Then, lithium,bistrimethyisilylamide (l.O:M; a
THF soiution, 6.40 ml, 0.40 mmol) was poured into'thev
reaction mixtﬁre.. The resulting mixture was heated to
10 -10°C from -60°C over a period of 1.5 hours and then
cooled to -60°C, and a THF solution (1 ml) containing
phenyl chloroformate (0.050 ml, 0.40 ﬁmol) waé poured
into.the ;eacﬁion mixture. After slow heating fo room
temperatgre froﬁ —60°C, the,reaction'mixture waé stirréd
15 "overnight aﬁd/a saturated aqueous ammoﬁium chloride
solution was addea to the reaction mixture, followed by“
extraction with etﬁyl acetate. The organié layer was
dried (MgSO4) and then concentrated under reduced
pressure, and the resulting residue was purified by.a
20 preparative thin-layer chromatography (methylene
chloride/methanol) to obtain the title compound (43.4
mg, yield: 33%).
'H-NMR (CDC13)8:1.24-1.38(2H,m),1.43-1.54(1H,m),

1.62(2H,b-d,J=1.24Hz),1.89(2H,b-t,J=1.07Hz),2.32(2H,d,
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J=0.71Hz), 2.82(2H,b-d,J=1.07Hz),3.21(2H,s),3.44 (2H,b-
s),3.81(3H,5),3.83(3H,5),6.70 (1H,s) , 6.91 (1H,s),7.15~
7.25(8H,m),7.32-7.37 (2H,m) . | '

ESI-MS:m/z=500 (M+H" ).

Example 4

Synthesis of 1-benzyl-4-[(l-benzoyloxy-5, 6-dimethoxy-

‘3H— inden)-2-yl]lmethylpiperidine

o ocoPh

MeO‘/\O . .
YO

MeO”.

The title compound (40.3 mg, yield: 32%) was

obtained according to the process described in Example

3} except for reacting.benzoyl chloride (0.046 mL) 1in

place of phenyl éhloroformate with donepezil (100 mg,:

0.264 mmol) .

lH—NMR(CDC13)5:1,20—1.32(3H,m),1.35--'1.43(1H,m),1.47—

©1.55(1H,m)1.71-1.83(2H,m)2.06-2.12 (2H,m) , 2. 66-

2;76(2H,m),2.99(1H,d,J=l;72H2);3.38(2H,S),3.62K1H;d,J=I
.72Hz),3.86(3H,s),3.92(3H,s),6.84(1H,S),7.14(1H,S),7.15
-7.27(7H,m),7.38(1H,t,J=0.75Hz),7.62(2H,d,J=0.75Hz) .

ESI-MS:m/z=484 (M+H") .

Example 5

Synthesis of l-benzyl-4-[(l-ethoxy-5,6-dimethoxy-3H-

inden)-2- yl]methylpiperidine
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: OFEt
LU0
_ MeQ .

The title compound (50.2 mg, yieid: 23%) was
obtained according to the process described in Example
1, except for reacting triethyl orthoformate (1 mL) in

place of trimethyl orthoformate with donepezil (200 mg,

0.528 mmol) .

"H-NMR (CDC15)8:1.23-1.35(2H,m) , 1.30 (3H, £, J=0.70Hz) , 1.38-
1.48(1H,m),1.56-1.63 (2H,m).,, 1.89 (2H,b-t, J=1.10Hz) ,
2.30(2H,d, J=0.71Hz),2.83 (2H,b-d, J=1.10Hz) , 3.08 (2K,
s),3.47(2H,s),3.80(34,s),3.83(3H,s),4.00(2H,q, J=0.70Hz)
,6.77 (1H, ), 6.88 (1H,s) ,7.15-7.27 (SH,m) .

ESI-MS:m/z=408-(M+H") .

Exampie 6

Synthesis of l—benzylf4—[(1—acetoxy—5,6fdimethoxy—3H—

‘inden) - 2—yl]methylpiperidine

' . OAc
MeO:‘/\C‘ . .
O N\/©
MeO ) ]

The title compound (71.2 mg, yield: 43%) was
obtained according to the process described in Example
3, except for reacting acetyl chloride (0.042 mL) in
place of phenyl chloroformate with donepezil (150 mg,

0.396 mmol).

'H-NMR (CDC13)8:1.20-1.34(3H,m),1.44-1.52(2H,m),1.72-
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1.86(3H;m),2,l8f2,23(1ﬁ,m),2.20(3H}s),2.69—2.76(2H,m),
2.74(1H,d,J=1.70Hz),;3.67.(2H,s),3:78 (1H,d, J=1.70Hz),3.81
(3H,s),é.90(3H}s),6.81(1H,s),7i03(1H,s),

7.13-7.25(5H,m) .

" ESI-MS:m/z=423 (M+H') .

Exampie 7

Synthesis of 1—benzyl—4—[(1,5,6—trimethoxy—3H—inden)—2—

yl]lmethylpiperidine-1l-oxide

“OMe

To 1-benzyl-4-[(1,5,6-trimethoxy-3H-inden)-2-
yl]methylpiperidine (21.0 mg, 0.053 mmol)‘were added 2
mL of methanol and 0.5 mL of a 30% aqueous hydrogen
peroxide solution, and the reaction mixture Qaé stirred

at room temperature for 2 days. The reaction mixture

" was concentrated under reduced pressure to remove the

solvent, and a sa£u:ated'aqueous sodium
hydrogencarbonate solution was added to the residue,
followed by extraction with methylene chloride. The
organic layer was dried (MgSO4) and then concentrated
under reduced pressure, and the resulting residue was
purified by a thin-layer chromatography to obtain the
title compound (6.9 mg, yield: 32%).

'H-NMR (CDC13)8:1.40-1.52(1H,m),1.53 (2H,b-d, J=1.44Hz),

2.09-2.35(3H,m),2.38(2H,d,J=0.86Hz),2.96-3.16(3H,m),
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3.04(2H,s),3.79(3H,s),3.80(3H,s),3.83(3H,s),4.34(2H,s),
6.80(1H,s),6.86(1H,s),7.30-7.45(5H,m) .

ESI-MS:m/z=410 (M+H") .

Example 8

Synthesis of 2-[(l-benzylpiperidine-l-oxid-4-

yl)methyl]-5, 6-dimethoxy-3H~-inden-1-yl benzoate

, OCOPh -

Roane

MeO | .

O -

The.title compound (14.4 mg, yield: 29%) was
obtained by tﬁe same process as in Example 7 except for
reacting l-benzyl-4-[(l-benzoyloxy-5, 6-dimethoxy-3H-
inden) - 2;yl]methylpipe;idine (47.3 mg, 0;098 mmol)
with 0.5 mL of a 30% aqueous hydrogen peroxide
solution.

'H-NMR (CDC13)8:1.33 (1H, b-d, J=1.38Hz) ;1.43-1.53(1H,m),

©1.43-1.53(1H,m),1.63 (1H,b-d, J=1.38Hz),1.83 (1K, dd, J=

0.55,1.44Hz),2.04(1H,dq, J=0.38,1.3Hz),2.15 (1H,dq, J=
0.38,1.3Hz),2.25(1H,dd, J=0.55,1.44Hz),2.88-3.10 (5H,m) ,
3.59(1H,d,J=1.73Hz),3.87(3H,s),3.93(3H,s),4.29(2H,s),
6.83(1H,s),7.14 (1H,s),7.21-7.27(2H,m), 7.28-7.35(3H,m),
7.36-7.42(3H,m),7.53-7.58 (2H,m) . |
ESI-MS:m/z=500 (M+H") .

Test Example 1

Evaluation of metabolism

In order to demonstrate the usefulness of the
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compound of' the presenﬁ invention as.a drug, the
following drug metaboiism test was carried out by
choosiné the compound of Example 1 as a representative
compouna. | |
The compound of Example 1 was administered to
fasted male rats (aged 8 weeks, n= 2) in the form 6f a

solution of the compound in 10% DMSO/10% Tween 20, and

the blood levels of the original compound and donepezil

produced- in the living body were-@eriodically measured.

The area under the blood concentration-time curve (AUC)

for each of them is .shown in Table 1 below.

Table 1
: AUC infinite
Test Administration * (ngehr/mL)
compound - route and dose Donepezil
. ' Prodrug hydrochloride
Compouﬁd of i.v., 1.0 mg/kg 181.3 172.0
Example 1 p.o., 3.0 mg/kg 2.8 517.3

The results of Table 1 indicate that thel
compound of Example 1 can prévent the rapid increase of
the blood level more effectively than donepezil
hydrochloride, thereby retarding the release of the
pharmaceutical activity itself into blood.

This prevention permits remission and
reduction of the above-mentioned side effects (e.qg.
vomit, diarrhea and nightmare) observed in some cases,

whereby the present invention has been accomplished.
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Industrial Applicability

According to the present invention, the
compouna §f thé formula (I) or a salt fhereof;-which is
a pfodrﬁg of donepezil hydrochloridé, permits remission

5 and reduction of effecté of donepezil hydrochloride

(e;g. vomit, diarrhea and nightmare) , and is therefore
usefﬁl as a therapeutic agent for Alzheimer type

dementia having smaller side effects.
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'CLAIMS

1. A compound represented by the formula (I):

wherein R is a Cl-6 aikyl gfoup optiehaily substituted
.by one to fhree substituents selected from the |
substitﬁent.groﬁp a, a_carbamoyl group. optionally
substituted by one or two C1—6.alkyi groups, a Cé—14
aryloxycarbonyl group optionally substituted by_ene te
three substitﬁents selected from the substituent group
a,:a C2-6 alkanoyl group optionally substituted by -one
te three substituents se;ected from the subsfituent
group a, or a C6¥14.arylcarbonyl group-optionelly
substituted by one to-three substituents selected from
the substituentugfoup d; and n is an integer of 0 or i,
" or a phermaceﬁtically acceptable salt fhereof; said
Isﬁbstituent greup'a conéisting of a Cl-6 alkoxy group,
a C2-6 elkenyl groﬁp, a Cl-6 alkyl group, a Cl-6
alkylthio group, a C2-6 alkynyl group,.a C6-14 aryl
group, a cyano group, a C3-8 cycloalkoxy group, a C3-8
cycloalkyl group, a C3-8 cycloalkylthio group, a
halogen atom and a nitro group.

2. A process for producing a compound

represented by the formula (I):
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wherein R and n are as défined in claim 1, or a-

pharmaceuticaliy accéptable salt thereof, which

cohprises the steps of; .
.reacting a compound'repgésented by the

formula (III): -

MeO

MeO

(he

or a salt thereof with a compound represented by the

formula (IV):

RICOX (V)

wherein R' is an amino Qrbup optionally substifuted by
one or two Cl-6 alkyl groups, a C6-14 arylbxy group
optionally substituted by one to three substituents
selected from the substituent group o as defined in
claim 1, a Cl-6 alle group opticnally substituted by
one to three substituents selected from the substituent
o as defined in claim 1, or a C6-14 aryl group
optionally substituted by one to three substituents

selected from the substituent group a as defined in



WO 2007/052541 PCT/JP2006/321443
31
claim 1; and X is a ledving group,'or
reacting a compound fep;esented by the

formula.(III):

UIU_

or a salt'thereof with a compdundlrepresented by the

formula.(V):

CH(ORY); (V)

wherein Rz'is'é Cl-6 alkyl group opfionally substituted
by one to three substituents selected from the
substituent group o as defined in claim 1/

| thereby obtaining a compound-represénted by.

the formula (II):

()

wherein R is a Cl-6 alkyl group optionally substituted
by one to three substituents selected from the
substituent group a as defined in claim 1, a carbamoyl
group optionally substituted by one or two Cl-6 alkyl
groups, a C6-14 aryloxycarbonyl group optionally

substituted by one to three substituents selected from
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the substituent group & as defined in claim 1, a C2-6
| alkanoyl group optionally substituted by one to three
substitﬁents.sélécted from the substituent group a as
defined.in claim 1, or a C6-14 arylcarbonyl group
optionally substituted by one to three substituents
selected from the substitﬁent group a as defined in
claiﬁ l, or a éalt thereof, and
if necessary, subjecting thé.compound of the
formﬁla (II)'or a salt fhereof to salt férming reaction
and/or 6xidétioﬁ reaction:
3. A pharmacéutical compositioﬁ cémprisiﬂg‘a
compouﬁd or a pharmaceutically acceptable salt,thereof

according to claim 1, as an active ingredient.
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