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- Piperazine derivatives of formula (I) are useful in the treatment of cognitive disorders. In formula (I), X is a group of (11a):
{(CH,),CR-R3.CONR*R? or (1Ib): -A-NRO6COR” where n, A, R, RI, R2, R3, R4, R5, Ré and R7 have specified meanings.
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USE OF PIPERAZINE DERIVATIVES FOR THE TREATMENT
OF COGNITIVE DISORDERS

This i1nvention relates to the use of certain piperazine

derivatives in the treatment of cognitive disorders

The piperazine derivatives are those of general formula
N-X (1)

and the~pharmaceutiCally acceptable acid addition salts
thereof -

In formula (I)

R 1s hydrogenfor'lOWer'alkyl,

‘RT is an aryl'br'nitrogen;containing-heteroaryl

radical,

and X is'a:groupOf'formula

. "(CHz)ncngB-CONR4R5 (IIa)
~ or ) B
-A-NR°COR’ (IIb)
where
n iéionéofthe integers‘l or 2, 1

| '.2_.

 R .is.hydrogén'orloweralkyl,

‘-R3'iSan‘ary1'radical Qran arvl(lowerlalkyl radical,

R4 1S hYdrcgén'or lowér'alkyl,
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125 1s hydrogen, an alkyl group of 1 to 8 carbon atoms,
cycloalkyl of 3 to 12 carbon atoms or

cycloalkyl(lowerlalkyl,

or R4 and R5 together with the nitrogen atom to which
they are attached represent an azetidino, pyrrolidino,
piperidino, hexahydroazepino, morpholino or piperazino
ring which may be optionally substituted by lower

alkyl, aryl or aryl(lower)alkyl,

A 1s an alkylene chain of 2 to 4 carbon atoms
optionally substituted by one or more lower alkyl

groups,

R6 1s a mono or bicyclic heterocaryl radical

and R7 1s hydrogen, lower alkyl, cycloalkyl,
cycloalkenyl, cycloalkyl(lowerlalkyl, aryl,
aryl(lowerlalkyl, heteroaryl, heteroaryl(lowerlalkyl,

8 . '
group of formula -NR8R9 [where R is hydrogen, lower

alkyl, aryl or aryl(lowerlalkyl and. R9 is. hydrogen,

lower alkyl, -CO(lowerlalkyl, aryl, COaryl,
aryl(lowerlalkyl, cycloalkyl or cycloalkyl(lower)alkyl

or R8 and R9 together with the nitrogen atom to which

they are both attached represent a saturated

heterocyclic ring which may contain a further hetero

atom) or a group of formula OR [where Rll 1s lower

alkyl, cycloalkyl, cYcloalkyl(lower)alkyl, aryl,
aryl(lowerlalkyl, heterocaryl or heterocaryl-

(lowerlalkyl].

Preferred compounds of formula I are those of

R

1 2.3 4_5 1)

R =N N-(CHZ)nCR R CONR 'R

__/
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or the pharmaceutically acceptable acid addition salts
thereof (where n, R, Rl, R2, R3,. R4 and R5 are as

defined above).

The term ~lower” as used herein means that the radical
referred to contains 1 to 6 carbon atoms. Preferably
such radicals contain 1 +to 4 carbon atoms. Examples of
“lower alkyl” radicals are methyl, ethyl, propyl,
isopropyl, butyl, tert-butyl, pentyl and isopentyl.
Examples of cycloalkyl groups are cyclopentyl,
cyclohexyl and cycloheptyl‘ A preferr'ed example 1S
cyclohexyl. Cycloalkyl groups include bicyclic,
tricyclic and tetracycllc groups, eg adamantyl.
Preferably the cycloalkyl group contains 3 to 12 carbon

atoms.

Wwhen used herein “aryl” means an aromatic radical
having 6 to 12 carbon atoms (eg phenyl or naphthyl)
which optionally may be substituted by one or more
substituents . Preferred substituents are lower alkyl,
lower alkoxy (eg methoxy, ethoxy, propoxy, butoxy),
halogen, halo(lower)alkyl (eg trifluoromethyl), nitro,
nitrile, amldo, .(lower)alkoxycarbonyl amino,
(lower)alkylamlno or di(lower)alkylamino

subst;tue,nts ‘Two substituents on the aromatic ring

' may be COnneCted' together to form another ring system.

When Rl 1s an aryl radlcal it 1s preferably a phenyl

. radical containing a substituent in the ortho pos:.tlon

A preferred example of Rl is o-(lower)alkoxyphenyl eg
O— methoxyphenyl Rl can also be, for example a

1- naphthyl radical Optlonally substituted in the 2 or 7/

posn.tlons by, ,.for example, (lowerl)alkoxy.

Preferred examples of aryl(lower)alkyl are benzyl and

phenethyl in ‘which the phenyl rings may be subst*ftuted
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by substituents as given above.

When used herein ”nitrogen containing heteroaryl
radicaf’ means an aromatic ring containing one or more
nltrogen atoms as heteroatoms (eg pyridinyl,
S pyrlmldlnyl or pyraZJ.nyl) WhJ.Ch may optionally be
| substltuted by' one or more lower alkyl, _ lower alkoxy,
' halogen, trlfluoromethyl ' amlno, (lower)alkylamino or
dl(lower)alkylamlno substltuents 'Preferably_' the

| heteroaryl radlcal 1s monocycllc

10 - When R6 is a blcycllc heteroaryl radlcal both rings of
the radlcal may contaln hetero rlng atoms or only one
' rlng may contain a hetero atom Oor atoms. " In the latter
instance the radlcal R6 lS connected to the rest of the
molecule of formula (I) V.l.a the rlng contalnlng the |

_-15 “ .hetero atom(s)

- Examples of the heteroaryl radlcal R6 1nclude
monocycl:.o radlcals oontalnlng one hetero atom,‘ eg
optlonally substltuted pyr:.dyl (partlcularly ’

. ‘ 2 - pyr:.dyl) monocycllc radlcals oontalnlng two hetero
. '. 20 atoms, eg thlazolyl (partlcularly 2- thlazolyl) and
PR blCYCllC radlcals contalnlng one or two hetero atoms eg'
qulnollnyl or 1soqu1nollnyl (partlcularly ' -
2- qulnollnyl) P e

The plperaz:Lne derlvatlves of formula (I) and thelr

g method of preparatlon are dlsclosed for example 1n-.

'\hGBl2230780A' Ha'_et
B 2230781a

:"h] ] _30  The'compoanas disc1osed?in GB 2230780A are described as
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antidepressant and/or anxiolytic agents. The compounds
disclosed in GB 2230781A, GB 2248836A and GB 2255337A
are disclosed as >-HT,, antagonists useful for the
CLreatment of CNS disorders such as anxiety, as
antildepressants, hypotensives and as agents for

regulating the sleep/wake cycle, feeding behaviours
and/or sexual function.

The preferred compounds of formula (I) are:

Nntertwbutyl-Bm[4~(2-methoxyphenyl)piperazin-l—yljw2~
10 phenylpropanamide and its (S)-enantiomer
2,3,4,5;6,7~hexahydro—l—[4~[1~L4~(2—methoxyphehyl)—
PiPeraZinyl]]f2~phenyl]butanoyl~lH~azepine

(u)w(R);2;3,4,5,6,7uhexahydro-l—[4~[4-(2-

. methoxyphenyl)piperazin~l~yl]~2—phenyl]butanoylle-
L3 azepine

N~[2ﬂ[4~(2émethoxyphényl)ulupiperazinyl]ethyl]m
N-(2-pyridinyl)cyclohexanecarboxamide

and thelr pharmaceutlcally acceptable acid addition
salts. '

20 The preSent prcvides in one aspect, a method of
treating cognitive disorders which comprlses
.+ . administering to a human in need thereof  an ef fective

amount of a compound of formula (I) as defined above or

a pharmaceutlcally acceptable acid addition salt

25 thereof. In a second aspect the invention provides the

use of a compound of formula (I) as defined above or a
pharmaceutlcally acceptable acid addition salt thereof

for the manufacture of a medicament for the treatment
of cognitive disorders.
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The compounds are useful in the treatment of cognitive
disorders such as memory deficits and dementia states.
Examples of such states occur, for example, in senile

dementia (eg Alzheimer s disease), brain damage caused

by stroke and brain injuries, and age assoclated memory

impairment.

In this speclrlcatlon the terms “treatment” and

' treatlng ‘relate to the admlnlstratlon of the

compounds to prevent the dlsorder as well as to treat

“the dlsorder or to allevrate the symptoms of the

dlsorder.’

The efficacy'of the compounds for treating congitive
dlsorders can be examlned in two ways. First, the
1nfluence of compounds on learnlng and memory in normal

animals 1is. examlned by comparlng the performance of

'compound treated anlmals to vehlcle treated control

anlmals.' Compounds that 1mprove learning and memory

are eXpected to enhance performance whereas compounds

that 1nterfere w1th learnlng and memory would be

'predlcted to lmpalr performance in the learnlng and

'memory'tasks. Second. in an attempt tO'model specific

’ dlseases,'learnlng and memory def1c1ts can be_
”experlmentally 1nduced and the ablllty of target

~substances to reverse the resultlng cognltlve def1c1ts
examlned For example,‘ln order 1nduce cognitive

defrcrts and to model the deflclency 1n central
4 |

'glutamaterglc neurotransm1sszon which occurs 1n'

Alzhelmer s Dlsease,_antagonlsts of glutamate receptors

.,___ '_can be admlnlstered to anlmals which are'then tested 1in
_ 30 s
. maze) In thlS procedure the selectlve 5- HTlA

a sultable behavxoural procedure (e. g. the radial arm

antagonlst (w) (R)_“,3 4, 5 6 7 - hexahvdro 1-[4-[4-(2-
methoxyphenyl)plpera21n l yl] 2- phenyl]butanoyl -1H-

azeplne has been shown to reverse the cognitive
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deficits induced by the glutamate receptor antagonist,

MK-801. Animals were required to learn and remember 1n

which parts of the apparatus they could locate food

rewards. The administration of MK-801 (0.1 mg/kg 1.p.)
5 significantly increased the number of errors made by

the animals, compared to vehicle-pretreated controls.

At doses of 0.3 and 3.0 mg/kg s.c., the 5-—HTlA
antagonist (-)=(R)- 2,3,4,5,6,7-hexahydro-1-[4-{4-(2-

methoxyphenyl) plperaZln l-yl]-2-phenyl ]Jbutanoyl-1H-

10~ azepine, Slgnlflcantly reversed the cognitive deficit

induced by MK 801

The compounds may be used in treating cognitive
disorders in their free base form or as acid addition

salts.

15  Examples of acid addition salts are those formed from

' inorganic and_organicacids;such as sulphuric,
hydrochloric,_hydrObromic; phOSphoric,-tartaric,
fumaric,'maleic,,citric;acetic, formic,
methanesulphoniC,‘p-toluenesulphonic, oxalic and

20 succinlic acids.

The compounds of formula I contain one or more
asymmetric oarbon atoms, so'that the compounds can
exlist 1in different steroisomeric forms. The compounds
can, fordekample,'exist'as racemates or optically
25 active forms. | '
The compouﬁdS'may be used for treating cognitive
’.'dlsorders in the form of pharmaceutical compositions

Wthh comprlse a compound of formula I or a
-npharmaceutlcally acceptable acid addition salt thereof

30 in a55001atlon,w1th'a pharmaceutically acceptable
fcarrier.g Any7suitable carrier known in the art can be

used-to°preparedthe pharmaceutical composition. In
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such a composition, the carrier 1s generally a solid or

liguid or a mixture of a solid or liguid.

Solid form compositions include powders, granules,
tablets, capsules (eg hard and soft gelatine capsules),
suppositories and pessaries. A solid carrier can be,
for example, one or more substances which may also act
as flavourlng agents, IUbricants, solubilisers,
suspendlng agents, flllers,.glldants, compression
aldes, blnders or tablet dlSlntegratlng agents, 1t can

also be an encapsulatlng materlal In powders the

carrler is a flnely lelded solid which is in admixture

with the flnely divided actlve 1ngred1ent In tablets

the active 1ngred1ent is mlxed with a carrier!having
the necessary compre851on properties in sultable

proportlons and compacted 1n the shape and size

.de51red The powders and tablets preferably contain up

to. 99%, eg from 0. 03 to 99%, preferably 1 to 80% of the

active 1ngred1ent Sultable SOlld carrlers 1nclude,

-for example,‘ca101um phosphate, magne81um stearate '

talc, sugars, lactose, dextrln,-starch gelatln,

,cellulose, methyl cellulose, sodlum carboxymethyl

cellulose, polyv1nylpyrrolld1ne, low meltlng waxes and

ion exchange resmns. -

- l.The term .comp031tlon lS 1ntended to 1nclude the
' 25_  ’formulatlon of an actlve 1ngred1ent Wlth encapsulatlng
,materlal as carrler to glve a capsule in which the

ns*lactlve 1ngredlent (wmth or thhout other*carrlersl-ls

surrounded by the carrler, whlch 1s thus ln a58001atlon

,,with it' Slmllarly cachets are 1ncluded
_quuld form composmtlons 1nclude, for example,

5pressurlsed comp051tlons ' The active 1ngred1ent Tor

~j.example, can be dlssolved or suspended in a

\
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pharmaceutically acceptable liguid carrier such as
water, an organic solvent, a mixture of both or
pharmaceutically acceptable oils or fats. The ligquid
carrier can contain other suitable pharmaceutical

5 sdditives such as solubilisers, emulsifiers, buf fers,
preservatlves, sweeteners, flavouring agents,
suspending agents, thlckenlng agents, colours,
viscosity regulators, stabilisers or aosmo-regulators.
Suitable examples of llquld carriers for oral and

10 parenteral admlnlstratlon include water (particularly
contalnlng addltlves as above,,eg cellulose
derlvatlves, preferably sodlum carboxymethyl cellulose
solution), alcohols, eg glycerol and glycols) and their
derivatives, and oils (eg fractionated coconut oil and

15  arachis 0il). For parenteral administration the

';carrler can also be an 011y ester such as ethyl oleate

and 1sopropyl myrlstate Sterlle liguid carriers are
used 1n sterlle lquld form.composmtlons for parenteral

admlnlstratlon

20 ‘Liquid pharmaceutlcal comp051tlons which are sterile

' olutlons or suspen51ons can be utlllzed by, for
example, 1ntramuscular, 1ntraper1toneal or subcutaneous
1njectlon.' Sterlle solutions can also be administered
'1ntravenously When the compound is orally active it

25 'can'be-adm;n;stered orally,elther in ligquid or solid

composition form.

BRI 'Preferably the pharmaceutlcal composmtlon is in unit
 dosage form,,eg as tablets or capsules In such form,
. ? the comp031tlon is sub lelded in unit dose contalnlng
30-}  approprlate quantltles of the actlve 1ngredlent the
unlt dosage forms can be packaged composition, for
' example packeted powders, vials, ampoules, prefilled
'syrlnges or sachets contalnlng liguid. The unit dosage

qform can be, for example, a capsule or tablet itself,
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or it can be the apprOprlate number of any such
compos::.tlons 1n package form. The quantlty of the
active 1ngred1ent in unit dose of composition may be
. varied or adjusted from 0.5 mg or less to 750 mg or
5 more, . accordlng to the partlcular need and the activity.
of the active 1ngred1entf- ‘ . '

. .



WO 94/09780 PCT/GB93/02197
~11 -
- |

Example 1

Preparation of Tablets

Amount per tablet mg

(=)-(R)-2,3,4,5,6,7~
> Hexahydro- l.[4 [4 (2m
methoxyphenyl)plpera21n 1-
“ le -2~ phenyl]butanoyl le-'l

azepine | | .- ".l 5 10
. Microcrystalline vcelluloee - 49.25 47.25 44 .75
. 10 .. ~ Modified food corn .- starch 49,25 47.25  44.75
MagneSiumstearatefO.S ' 0.5 0.5

‘ Tablets are prepared from bulk amounts of 1ngred1ents

1T the proportlons glven above

All of the actlve compound _ cellulose and a portlon of
":15' - the corn starch are mlxed and granulated to 10% corn
.starch paste - The resultlng granulatlon is sn.eved
dr:x.ed and blended with the remainder of the corn starch
ag-and the magne51um stearate mearesultlng granulation
15 then oompressed :Lnto tablets contalnlng l 5 and 10

20 mg of the actlve :Lngredlent per tablet.
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Example 2

Preparation of powder filled capsules
Amount mg
N-tert. butyl 3 [4 (2-- .
> | 'methoxyphenyl )plperamn l- N _
' ..yl] 2-—phenylpropanam1de - ‘_ 10 o | | 15.
:.‘ Avicel | ‘ | i ' R
Lactese . 183

Magnesium stearate 2 2

"I'he formulatlons are prepared by adm1x1ng the

L _"\J.ngred:.ents 1n the proportlons glven above and fllllng |
i '_'two--part hard gelatln capsules Wlth the requlred amount‘.j;
15 of the resultn.ng mlxture to glve capsules contalnlng 10

_or 15 mg of the acta.ve compound
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CLAIMS

1. The use:of a piperazine derivative of general

formula-(l)' 

(D

'or,a_pharmaceUtically.aCCeptable'acid addition salt
l.thefeoff"" ' S ' '
~ where R is hydrogen or lower alkyl,
Rl'is-an arylfdr£nitr¢gén-COntaining heteroaryl
radical, | ' '

or :
-a-wg®cor’ . dm
’where“
| ds one of the integers 1 or Z,

IR L L
"R° is hydrogen or lower alkyl,

'R? is an aryl radical or an aryl(lower)alkyl radical,

. .' .. X 4 ‘ | ., ' | : - ' | ) " '. -' ' '_ : ] L . SN '

.u    ;;'f§S'iS hYdrOgén,,an alle group of l to 8 carbon atoms;   '

'cycloalkyl of 3 to 12 carbon atoms or '

cycloalkyl(lower)alkyl Ay
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or RY and R° together with the nitrogen atom to which
they are attached re?resent an azetidino, pyrrolidino,
piperidino, hexahydroazepino, morpholino or piperazino
ring which may be optionally substituted by lower
alkyl, aryl or aryl(lowerjlalkyl,

A 1s an alkylene chain of 2 to 4 carbon atoms

optionally substituted by one or more lower alkyl

groups,

R6 1s a mono or bicyclic heteroaryl radical
and R7 1s hydrogen, lower alkyl, cycloalkyl,
cycloalkenyl, cycloalkyl(lowerlalkyl, aryl,

aryl(lowerlalkyl, heteroaryl, heterocaryl(lowerlalkyl, a
group of formula -NR®R® [whereR8 1s hydrogen, lower
alkyl, aryl or aryl(lowerlalkyl and R9 is hydrogen,
lower alkyl, ~-CO(lowerlalkyl, aryl, COaryl,
aryl(lowerlalkyl, cycloalkyl or'cycloalkyl(lower)alkyl
or R8 and.R9 together with the nitrogen atom to which
they are both attached represent a saturated

heterocyclic ring which may contain a further hetero

atom] or a group of formula OR11 [ where Rll is lower

alkyl; cycloalkyl, cycloalkyl(lowerlalkyl, aryl,
aryl(lowerlalkyl, heteroaryl or heterocaryl-

(lowerlalkyl)]

for the manufacture of a medicament for the treatment

of cognitive disorders.

2. The use as claimed in claim 1 wherein the compound

of general formula (I) has the formula

1_N 2. 3 4_5 (I1)

R N-(CHz)nCR R CONR 'R™
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where n, R, Rl, R2, R3, R4 and R5 are as defined in

claim 1.

3. The use as claimed in claim 1 wherein the compound

of formula (I) 1is

N-tert-butyl-3-[4-(2-methoxyphenyl)piperazin-l-yl])-2-

phenylpropanamide or its (S)-enantiomer or

2,3,4,5,6,7-hexahydro-1-{4-[1-[4-(2-methoxyphenyl)-
piperazinyl]]-2-phenyl ]Jbutanoyl-lH-azepine or

(-)-(R)-2,3,4,5,6,7-hexahydro-1-[4-[4-(2-
methoxyphenyl )piperazin-1l-yl}-2-phenyl Jbutanoyl-1H-

azepine or

N-[2-[4-(2-methoxyphenyl)-l-piperazinyl Jethyl ]-
N-(2-pyridinyl)cyclohexanecarboxamide.

4 A use of a piperazine derivative of general formula

R N-X (I)

LY
___/

or a ﬁharmaceutically acceptable acid additign salt
thereof, for the preparation of a pharmaceutical for

treatment of cognitive disorders,

where R is hydrogen or lower alkyl,

rRT is an aryl or nitrogen containing heteroaryl

radical,

and X 1s a group of formula
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2,3 4_5

-(CH,) CRR”.CONR"R (IIa)

or
-A-NR "COR | (IIb)

where

n is one of the integers l or 2,
R2 1s hydrogen or lower alkyl,
R> is an aryl radical or an aryl(lower)alkyl radical,

R4 is hydrogen or lower alkyl,

R5 1s hydrogen, an alkyl group of 1 to 8 carbon atoms,
cycloalkyl of 3 to 12 carbon atoms or
cycloalkyl(lowerlalkyl,

or R4 and R5 together with the nitrogen atom to which
they are attached represent an azetidino, pyrrolidino,
piperidino, hexahydroazepino, morpholino or piperazino
ring which may be optionally substituted by lower
alkyl, aryl or aryl(lowerlalkyl, '

A 1s an alkylene chain of 2 to 4 carbon atoms
optionally substituted by one or more lower alkyl

groups,
R® is a mono or bicyclic hetercaryl radical

- and R7 is hydrogen, lower alkyl, cycloalkyl,
cycloalkenyl, cycloalkyl(lower)alkyl, aryl,

aryl(lower)alkyl, heteroaryl, heteroaryl(lovéer-)alkyl, a

group of formula --NR8R9 [where 'R8‘ 1s hydrogen, lower

9

alkyl, aryl or aryl(lowerlalkyl and R 1s hydrogen,
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~ lower alkyl, -CO(lowerlalkyl, aryl, COaryl,
aryl(lowerlalkyl, cycloalkyl or cycloaikyl(lower)alkyl
or R8 and R9 together with the ni'trogen atom to which
they are both attached represent a saturated
heterocyclic ring which may contain a further hetero
aton] or a group of formula ORll (where Rl:L 1s lower
alkyl, cycloalkyl, cycloalkyl(lowerlalkyl, aryl,
aryl(lowerlalkyl, heterocaryl or heteroaryl-

(lowerlalkyl].

5. A use as claimed in claim 4 wherein the compound

of general formula (I) has the formula _

R
I ‘ 2.3 4_5
\_/

R™-N N-(CHZ)nCR RTCONR R (II)

where n, R, Rl, R?', R3, R4 and R5 are as defined in

claim 4.

6. A use as claimed in claim 4 wherein the compound

of formula (I) is |

N-tert-butyl-3-[{4-(2-methoxyphenyl)piperazin-l-yl]}-2-

phenylpropanamide or its (S)-enantiomer or

2,3,4,5,6,7-hexahydro-1-{4-(1-[4-(2-methoxyphenyl)-
piperazinyl]J)J-2-phenyl ]Jbutanoyl-lH-azepine or

(-)-(R)-2,3,4,5,6,7-hexahydro-1-{4-[4-(2~
methoxyphenyl)piperazin-l-yl }-2-phenyl ]Jbutanoyl-1H-

azepine or

N-[2-[4-(2-methoxyphenyl)-l-piperazinyl]ethyl]-
N-(2-pyridinyl)cyclohexanecarboxamide.
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7. A pharmaceutical composition for the treatment of

cognitive disorders comprising a pharmaceutically

acceptable acid addition salt thereof.
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