
POLYMER COMPOSITION The present invention relates to,
amongst other things, an aromatic polycarbonate
composition, a process for manufacturing an aromatic
polycarbonate composition, an article and a method of
forming an article from an aromatic polycarbonate
composition. In particular, although not exclusively,
the present invention relates to an aromatic
polycarbonate composition which typically exhibits
desirable short cycle times in melt processing
applications, such as injection moulding applications.
Thermoplastic aromatic polycarbonates may be employed
in numerous applications, such as electrical,
engineering and automotive applications. Typically,
high molecular weight aromatic polycarbonates (e.g. Mw
of 20,000 to 50,000 Da) are employed in electrical and
engineering applications because of their relatively
high strength, high impact resistance, high
temperature and fire resistance properties. However,
high molecular weight polycarbonates typically exhibit
relatively poor melt flow characteristics which may
restrict their applications. In particular, high
molecular weight aromatic polycarbonates typically
exhibit relatively low melt flow rates. Consequently,
it is typically more difficult to form intricate
moulded parts and moulded articles with low levels of
residual stress from such aromatic polycarbonates. A
further disadvantage which may restrict the
applications of aromatic polycarbonates is the
relatively high cost of these polymers. In an attempt
to overcome some of the disadvantages associated with
aromatic polycarbonates, blends of the polycarbonate
with other polymer resins have been employed. For
example, blends of aromatic polycarbonates and
acrylonitrile-butadiene-styrene (ABS) have been used
to reduce the raw material costs and enhance the melt
flow of the polycarbonate. However, despite the
enhanced melt flow of the aromatic polycarbonate and
ABS blend generally there is an increase in the
process cycle time in melt processing applications
(e.g. injection moulding applications), as it is
necessary to cool the blend for prolonged periods of
time to form the moulding and allow themoulding to be
removed from the mould without damaging the moulding
and/or the mould. The increased process cycle time,
namely the time to form an article by an injection
moulding process, increases the costs and decreases
the efficiency of the injection moulding procedure.
Further disadvantages which may result from blends of
aromatic polycarbonates and ABS include a reduction in
the Vicat softening point and a reduction in the
impact resistance compared to the aromatic
polycarbonate alone. The present invention therefore
seeks to solve some of the aforementioned technical
problems associated with processing a blend of an
aromatic polycarbonate and another polymer,
particularly a thermoplastic blend of an aromatic
polycarbonate and another polymer. Thus according to a
first aspect, the present invention provides a
composition comprising a mixture of: (i) an aromatic
polycarbonate; (ii) a graft copolymer including
polyacrylonitrile; and, (iii) a non-crosslinked
acrylic polymer having a weight average molecular
weight (Mw) of less than or equal to 65,000 Daltons
(Da). Such a composition may be referred to
hereinafter as the composition of the present
invention. Preferably, the composition of the present
invention is a polymer blend. It has been found that
when some of the graft copolymer including
polyacrylonitrile (ii) in a mixture of aromatic
polycarbonate (i) and the graft copolymer including
polyacrylonitrile (ii) is replaced with the relatively
low molecular weight non-crosslinked acrylic polymer
(iii), the Vicat softening temperature of the mixture
is typically essentially unchanged. Unexpectedly
however the process cycle time in injection moulding
applications is typically 



reduced significantly. This is unexpected since
conventional theory suggeststhat a heat resistance
increase such as a rise in the Vicat softening
temperature, in the absence of changes in thermal
diffusivity, is necessary for a reduction in the
cooling time of an injection moulded part.
Additionally, it has been found that when some of the
graft copolymer including polyacrylonitrile (ii) in a
mixture of aromatic polycarbonate (i) and the graft
copolymer including polyacrylonitrile (ii) is replaced
with the relatively low molecular weight
noncrosslinked acrylic polymer (iii), the Melt Flow
Rate of the mixture typically increases. The enhanced
Melt flow Rate of the composition of the present
invention permits the formation of more complex shaped
articles and articles having lower levels of residual
stress than a comparable composition not including the
low molecular weight acrylic polymer (iii). Suitably,
the composition of the present invention typically
offers significant advantages in melt processing
applications, such as injection moulding applications.
The Melt Flow Rate measures the rate of extrusion of
thermoplastics through an orifice at a prescribed
temperature and load. Melt Flow Rate is also referred
to as Melt Flow Index. The process cycle time in
injection moulding applications is the total time
taken to produce a moulded article having no visible
defects. The process cycle includes the following: (a)
injecting the molten polymer into a mould; (b) a
holding and cooling phase - during the holding phase
pressure is applied to the molten polymer so it packs
the entirety of the mould as the cooling polymer in
the mould shrinks. Once the gate freezes (i.e. the
polymer at the entry point of the mould cools so that
no more material may be packed into the mould cavity)
the pressure is removed and the part is allowed to
cool in the mould until it is rigid enough to survive
the ejection process; (c) retraction of the injector
screw; (d) mould opening; (e) part ejection; and (f)
mould closing so it may be re-used. Typically, steps
(b) and (c) take place simultaneously. Usually, the
holding and cooling phase (step b) dominates the
process cycle time. Consequently, a reduction of time
in this step, for example a reduction in time for the
molten polymer to cool and solidify, is likely to
reduce the overall process cycle time of the moulding
procedure.The Vicat softening temperature of a polymer
or polymer blend is the temperature at which a
specimen of the polymer/polymer blend starts to soften
rapidly. Typically, it is the temperature at which the
specimen is penetrated to a depth of 1mm with a flat
ended needle under the application of a specific load.
The Vicat softening temperature reflects the point of
softening to be expected when a material is used in an
elevated temperature application. The Vicat softening
temperature of the composition of the present
invention is essentially comparable to the unmodified
aromatic polycarbonate and acrylonithle graft
copolymer mixture not including the low molecular
weight acrylic polymer. Conveniently, the composition
of the present invention may be used in similar high
temperature applications as aromatic polycarbonate and
ABS blends, such as electrical applications. A
suitable method of measuring Vicat softening
temperature is ISO 306B:1 987 Second Edition.
Suitably, the composition of the present invention is
a thermoplastic composition, namely the composition
becomes soft and "plastic" upon heating and firm when
cool. Suitably, the composition of the present
invention may be formed into shaped articles by
melt-processing techniques such as injection moulding,
melt extrusion and blow moulding. Preferably, the
non-crosslinked acrylic polymer comprises a polymer
obtainable by polymerising 60 to 100% by weight of
methyl methacrylate monomer and 0 to 40% by weight of
one or more alkyl (alk)acrylate comonomers. Suitably,
the non-crosslinked acrylic polymer comprises a methyl
methacrylate homopolymer or a copolymer comprising
greater than or equal to 60% by weight methyl
methacrylate and less than or equal to 40% by weight
of one or more alkyl (alk)acrylate comonomers. Most
preferably, the noncrosslinked acrylic polymer
comprises a copolymer as defined herein. 



When the non-crosslinked acrylic polymer comprises a
copolymer, the copolymer is essentially a random
copolymer. By the term "random copolymer" we mean a
copolymer consisting of macromolecules in which the
probability of finding a given monomehc unit at any
given site in the chain is independent ofthe nature of
the adjacent units. Suitably, the random copolymer is
essentially a linear random copolymer. As used herein,
the term "alkyl (alk)acrylate" refers to the
corresponding acrylate ester or alkacrylate ester,
which are usually formed from the corresponding
acrylic or alkacrylic acids, respectively. In other
words, the term "alkyl (alk)acrylate" refers to either
an alkyl alkacrylate or an alkyl acrylate. It will be
appreciated that when the non-crosslinked acrylic
polymer comprises a non-crosslinked acrylic copolymer
the term alkyl (alk)acrylate does not embrace methyl
methacrylate. Preferably, the one or more alkyl
(alk)acrylates is a (C-i-C22)alkyl ((C1- C
-io)alk)acrylate. As mentioned in the preceding
paragraph the (Ci-C 22)alkyl ((Ci-Cio)alk)acrylate
does not include a Ci alkyl (C-ialk)acrylate, namely
methyl methacrylate. Examples of C1-C2 alkyl groups of
the alkyl (alk)acrylates include methyl, ethyl,
n-propyl, n-butyl, iso-butyl, tert-butyl, iso-propyl,
pentyl, hexyl, cyclohexyl, 2-ethyl hexyl, heptyl,
octyl, nonyl, decyl, isodecyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl, octadecyl, nonadecyl, eicosyl, behenyl,
and isomers thereof. The alkyl group may be straight
or branched chain. Preferably, the (C1-C22)alkyl group
represents a (C-i-C8)alkyl group as defined above,
more preferably a (C-i-C6)alkyl group as defined
above, even more preferably a (C-i-C4)alkyl group as
defined above. Examples of C1-10 alk groups of the
alkyl (alk)acrylate include methyl, ethyl, npropyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl,
hexyl, cyclohexyl, 2-ethyl hexyl, heptyl, octyl,
nonyl, decyl and isomers thereof. The alk groups may
be straight or branched chain. Preferably, the
(C1-C10)alk group represents a (C1- C6)alk group as
defined above, more preferably a (C1-C4) alk group as
defined above, even more preferably a methyl group.
Preferably, the one or more alkyl (alk)acrylates is a
(C-i-C8)alkyl ((C1- C4)alk)acrylate, even more
preferably a (C-rC8)alkyl (meth)acrylate, most
preferably a (C-rC4)alkyl (meth)acrylate . It will be
appreciated that the term (C-i-C8)alkyl (meth)acrylate
refers to either (C-i-Cs)alkyl acrylate or
(C-i-Cs)alkylmethacrylate. Examples of (d-C 8)alkyl
(meth)acrylate include the alkyl methacrylates: ethyl
methacrylate (EMA), n-propyl methacrylate (PMA),
isopropyl methacrylate (IPMA), n-butyl methacrylate
(BMA), isobutyl methacrylate (IBMA), tert-butyl
methacrylate (TBMA), octyl methacrylate (OMA) and the
alkyl acrylates: methyl acrylate (MA), ethyl acrylate
(EA), npropyl acrylate (PA), n-butyl acrylate (BA),
isopropyl acrylate (IPA), isobutyl acrylate (IBA),
tert-butyl acrylate (TBA), octyl acrylate (OA) and
combinations thereof. Preferably, the one or more
alkyl (alk)acrylates comprises an alkyl acrylate as
defined herein, particularly a single alkyl acrylate.
As stated previously, the non-crosslinked acrylic
polymer is preferably a noncrosslinked acrylic
copolymer. Suitably, the non-crosslinked acrylic
copolymer is obtainable by polymerising greater than
or equal to 60% by weight methyl methacrylate monomer
and less than or equal to 40% by weight of one or more
alkyl (alk)acrylate comonomers as defined herein. More
preferably, the non-crosslinked acrylic copolymer is
obtainable by polymerising greater than or equal to
60% by weight methyl methacrylate monomer and less
than or equal to 40% by weight of one or more alkyl
acrylate comonomers as defined herein. Preferred alkyl
acrylate comonomers comprise C1-C8 alkyl acrylate
comonomers which include methyl acrylate, ethyl
acrylate, n-propyl acrylate, iso-propyl acrylate,
n-butyl acrylate, iso-butyl acrylate, tert-butyl
acrylate, pentyl acrylate, n-hexyl acrylate,
cyclohexyl acrylate, 2-ethylhexyl acrylate, heptyl
acrylate and octyl acrylate. Further preferred alkyl
acrylate comonomers comprise C1-C4 alkyl acrylate
comonomers and ethyl hexyl acrylate. Most preferred
alkyl acrylate comonomers comprise C1-C4 alkyl
acrylate 



comonomers, such as methyl acrylate, ethyl acrylate,
n-propyl acrylate, iso propyl acrylate n-butyl
acrylate, iso-butyl acrylate and tert-butyl acrylate,
especially methyl acrylate, ethyl acrylate, n-propyl
acrylate and n-butyl acrylate. Preferably, the
non-crosslinked acrylic polymer does not include any
acrylic acid or methacrylic acid monomers. Preferably,
the non-crosslinked acrylic polymer does not include
any functional groups, for example hydroxyl or
aminefunctional groups, which may react with the
aromatic polycarbonate (i) and/or the graft copolymer
comprising acrylonitrile (ii) in the composition of
the present invention. Most preferably, the
non-crosslinked acrylic copolymer consists essentially
of greater than or equal to 60% by weight methyl
methacrylate monomer and less than or equal to 40% by
weight of one or more alkyl (alk)acrylate comonomers
as defined herein. By the term "consists essentially
of" we mean that the non-crosslinked acrylic copolymer
is obtainable from essentially only methyl
methacrylate monomers and one or more alkyl
(alk)acrylate comonomers as defined herein. Suitably,
the non-crosslinked acrylic copolymer comprises
greater than or equal to 60% by weight, preferably
greater than or equal to 70% by weight, more
preferably greater than or equal to 80% by weight,
most preferably greater than or equal to 90% by weight
methyl methacrylate based on the total weight of the
non-crosslinked acrylic copolymer. Suitably, the
non-crosslinked acrylic copolymer comprises less than
or equal to 99.9% by weight, preferably less than or
equal to 99.5% by weight, more preferably less than or
equal to 99% by weight, more preferably less than or
equal to 98% by weight, most preferably less than or
equal to 97% by weight methyl methacrylate based on
the total weight of the non-crosslinked acrylic
copolymer. Suitably, the non-crosslinked acrylic
copolymer comprises greater than or equal to 0.1 % by
weight, preferably greater than or equal to 0.5% by
weight, more preferably greater than or equal to 1% by
weight, more preferably greater than or equal to 2% by
weight, most preferably greater than or equal to 3% by
weight of one or more alkyl (alk)acrylate comonomers
as defined herein based on the total weight of the
non-crosslinked acrylic copolymer. Suitably, the
non-crosslinked acrylic copolymer comprises less than
or equal to 40% by weight, preferably less than or
equal to 30% by weight, more preferably less than or
equal to 20% by weight, most preferably less than
orequal to 10% by weight of one or more alkyl
(alk)acrylate comonomers as defined herein based on
the total weight of the non-crosslinked acrylic
copolymer. Unexpectedly, it has been found that by
employing a non-crosslinked acrylic copolymer having a
relatively low alkyl (alk)acrylate comonomer content
as defined herein, typically provides a composition of
the present invention having the desired increased
Melt Flow Rate whilst still retaining an acceptable,
and relatively high, Vicat softening temperature.
Consequently, such compositions may be suitable for
high temperature applications, for example, electrical
applications. Suitably, the weight average molecular
weight (Mw) of the non-crosslinked acrylic polymer is
less than or equal to 65,000 Daltons (Da), preferably
less than or equal to 60,000 Da, more preferably less
than or equal to 55,000 Da, even more preferably less
than or equal to 50,000 Da. Suitably, the weight
average molecular weight (Mw) of the non-crosslinked
acrylic polymer is greater than or equal to 25,000 Da,
preferably greater than or equal to 30,000 Da, more
preferably greater than or equal to 35,000 Da. The
weight average molecular weight (Mw) of the
non-crosslinked acrylic copolymer may be determined by
techniques well known to those skilled in the art, for
example gel permeation chromatography. An example gel
permeation chromatography method is described
hereunder in the examples. Values of Mw referred to
herein may relate to values obtained when either poly 



methylmethacrylate (PMMA) or polystyrene standards are
used to calibrate the gel permeation chromatography
equipment. In a preferred embodiment, PMMA standards
are used. It has been found that if the weight average
molecular weight (Mw) of the noncrosslinked acrylic
polymer is greater than 65,000 Da, especially using
the preferred alkyl (alk)acrylate comonomers at the
preferred levels, then thecomposition of the present
invention may not exhibit the desirable enhanced Melt
Flow Rate and process cycle time reduction features.
Such compositions are typically not as well suited for
efficiently and economically forming complex shaped
articles. Typically, if the weight average molecular
weight (Mw) of the non-crosslinked acrylic polymer is
less than 25,000 Da then the composition of the
present invention may exhibit an undesirable decrease
in impact strength and the composition of the present
invention may be too brittle for certain applications.
Suitably, if the non-crosslinked acrylic polymer has a
weight average molecular weight (Mw) of between
greater than or equal to 25,000 Da and less than or
equal to 65,000 Da, then this typically provides a
composition of the present invention with a desirable
balance of rheological, mechanical and physical
properties. A highly preferred non-crosslinked acrylic
copolymer has a weight average molecular weight (Mw)
of approximately 35,000 to 45,000 Da, particularly
40,000 Da. Preferably, the non-crosslinked acrylic
polymer is present in an amount of greater than or
equal to 3% by weight, more preferably greater than or
equal to 5% by weight, most preferably greater than or
equal to 7% by weight based on the total weight of the
composition of the present invention. Preferably, the
non-crosslinked acrylic polymer is present in an
amount of less than or equal to 25% by weight, more
preferably less than or equal to 23% by weight, most
preferably less than or equal to 20% by weight based
on the total weight of the composition of the present
invention. Unexpectedly, it has been found that if the
non-crosslinked acrylic polymer is included in the
composition of the present invention within the above
defined limits then this may provide a composition
which exhibits the desirable enhanced melt flow rate
whilst maintaining a satisfactory Vicat softening
temperature. If the non-crosslinked acrylic polymer is
present in an amount of greater than 25% by weight
then this may produce a composition with
inferiorimpact resistance. Suitably, if the
non-crosslinked acrylic polymer is present in an
amount of less than 3% by weight then this may produce
a composition not displaying a satisfactory
enhancement in melt flow. Most preferably, the
noncrosslinked acrylic polymer is present in an amount
of between 7 to 20% by weight, based on the total
weight of the composition. Suitably, the
non-crosslinked acrylic polymer may be prepared by
techniques well known to those skilled in the art, for
example emulsion, bulk, solution and suspension
polymerisation using appropriate initiators and chain
transfer agents. Aromatic polycarbonates include
homopolycarbonates, copolycarbonates and mixtures
thereof. The aromatic polycarbonates typically have a
weight average molecular weight (Mw) of greater than
or equal to 10,000 Da, more preferably greater than or
equal to 20,000 Da. Preferably, the aromatic
polycarbonates have a weight average molecular weight
(Mw) of less than or equal to 200,000 Da, more
preferably less than or equal to 150,000 Da, even more
preferably less than or equal to 100,000 Da, most
preferably less than or equal to 50,000 Da. The
aromatic polycarbonates may be prepared by techniques
well known to those skilled in the art, for example by
polycondensation of a dihydroxy aromatic compound with
a carbonic acid derivative such as phosgene (see
German Offenlegungsschriften 2,063,050; 2,063,052;
1,570,703; 2,21 1,956; 2,21 1,957 and 2,248,81 7).
Among the dihydroxy compounds useful for preparing the
aromatic 



polycarbonates are hydroquinone, resorcinol,
bis(hydroxyphenyl)-alkanes, bis
(hydroxyphenyl)-ethers, bis(hydroxyphenyl)-ketones,
bis-(hydroxyphenyl)- sulfoxides,
bis-(hydroxylphenyl)-sulfides,
bis-(hydroxyphenyl)-sulfones, and
a,a-bis-(hydroxylphenyl)-diisopropylbenzenes, as well
as their alkyl substituted derivatives. These and
further suitable aromatic dihydroxy compounds
aredescribed, for example, in US Patent No's
3,028,356; 2,999,835; 3,1 48,1 72; 2,991 ,273; 3,271
,367; and 2,999,846. Further examples of suitable
bisphenols are 2,2-bis-(4-hydroxyphenyl)- propane
(bisphenol A),
2,4-bis-(4-hydroxyphenyl)-2-methylbutane, 1, 1
-bis-(4- hydroxyphenyl)-cyclohexane,
a,a'-bis-(4-hydroxyphenyl)-p-diisopropylbenzene,
2,2-bis-(3-methyl-4-hydroxyphenyl)-propane,
2,2-bis-(3-chloro-4- hydroxyphenyl)-propane,
bis-(3,5-dimethyl-4-hydroxyphenyl)-methane, 2,2-bis-
(3,5-dimethyl-4-hydroxyphenyl)-propane,
bis-(3,5-dimethyl-4-hydroxyphenyl)- sulfide,
bis-(3,5-dimethyl-4-hydroxyphenyl)-sulfoxide,
bis-(3,5-dimethyl-4- hydroxyphenyl)-sulfone,
dihydroxybenzophenone, 2,4-bis-(3,5-dimethyl-4-
hydroxyphenyl)-cyclohexane,
a,a'-bis-(3,5-dimethyl-4-hydroxyphenyl)-pdiisopropylbe
nzene and 4,4'-sulfonyl diphenol. Examples of
particularly preferred aromatic bisphenols are
2,2-bis-(4- hydroxyphenyl)-propane,
2,2,-bis-(3,5-dimethyl-4-hydroxyphenyl)-propane and 1,
1 -bis-(4-hydroxyphenyl)-cyclohexane. The most
preferred bisphenol is
2,2-bis-(4-hydroxyphenyl)-propane (bisphenol A). Some
of the most preferred aromatic polycarbonates include
Lexan(tm) available from General Electric, now
"Sabic", Calibre(tm) available from The Dow Chemical
Company and Makrolon(tm) available from Bayer.
Suitably, the aromatic polycarbonate is present in an
amount of greater than or equal to 30% by weight,
preferably greater than or equal to 35% by weight,
more preferably greater than or equal to 40% by
weight, even more preferably greater than or equal to
45% by weight, even more preferably greater than or
equal to 50% by weight, most preferably greater than
or equal to 55% by weight based on the total weight of
the composition of the present invention.Suitably, the
aromatic polycarbonate is present in an amount of less
than or equal to 97% by weight, preferably less than
or equal to 95% by weight, more preferably less than
or equal to 90% by weight, more preferably less than
or equal to 85% by weight, more preferably less than
or equal to 80% by weight, even more preferably less
than or equal to 75% by weight based on the total
weight of the composition of the present invention.
Suitably, if the amount of the aromatic polycarbonate
is within the aforementioned ranges then this may
provide a composition of the present invention which
possesses a desirable Vicat softening temperature and
desirable impact resistance. Such compositions may be
suitable for use in electrical, automotive and
engineering applications. By the term "graft copolymer
including polyacrylonithle" we mean a graft copolymer
comprising a polymer derived by polymerising
acrylonithle type monomers. Polyacrylonithle is
synonomous with poly ( 1-cyanoethylene). Suitably, the
graft copolymer including polyacrylonithle comprises
an acrylicstyrene- acrylonithle (ASA) polymer, an
acrylonithle-EPDM-styrene (AES) polymer, an
olefin-styrene-acrylonithle (OSA) polymer or an
acrylonitrilebutadiene- styrene (ABS) polymer. More
preferably, the graft copolymer including
polyacrylonithle comprises an ASA polymer an AES
polymer or an ABS polymer. Most preferably, the graft
copolymer including polyacrylonithle comprises an ABS
polymer. Suitable graft copolymers including
polyacrylonithle include greater than or equal to 10%
by weight, preferably greater than or equal to 15% by
weight, more preferably greater than or equal to 20%
by weight, most preferably greater than or equal to
25% by weight of acrylonitrile (i.e. 1-cyanoethylene)
based on the total weight of the copolymer. Suitable
graft copolymers including polyacrylonitrile include
less than or equal to 50% by weight, preferably less 



than or equal to 45% by weight, more preferably less
than or equal to 40% by weight, most preferably less
than or equal to 35% by weight of acrylonitrile
(i.e.1-cyanoethylene) based on the total weight of the
copolymer. A highly preferred graft copolymer
including polyacrylonitrile includes about 30% by
weight of acrylonitrile (i.e. 1-cyanoethylene).
Suitable graft copolymers including polyacrylonitrile
include greater than or equal to 40% by weight,
preferably greater than or equal to 45% by weight,
more preferably greater than or equal to 50% by
weight, even more preferably greater than or equal to
55% by weight, most preferably greater than or equal
to 60% by weight styrene, or a derivative thereof such
as a-methyl styrene, based on the total weight of the
copolymer. Suitable graft copolymers including
polyacrylonitrile include less than or equal to 80% by
weight, preferably less than or equal to 70% by
weight, more preferably less than or equal to 65% by
weight styrene, or a derivative thereof such as
a-methyl styrene, based on the total weight of the
copolymer. Preferably, the graft copolymer including
polyacrylonitrile includes styrene. It will be
appreciated by those skilled in the art that the graft
copolymer including polyacrylonitrile comprises a
grafted phase and a graft base. Suitably, such
polymers have rubber elastic properties. Suitable
graft copolymers including polyacrylonitrile comprise:
(i) 5 to 95% by weight, preferably 20 to 80% by
weight, relative to the weight of the graft copolymer
of a grafted phase; and (ii) 5 to 95% by weight,
preferably 20 to 80% by weight, relative to the weight
of the graft copolymer of a graft base. The grafted
phase may comprise a polymerised mixture of (a) 50 to
99% by weight, relative to the weight of the mixture,
of styrene, a-methyl styrene, ring substituted
styrene, CrC 8 alkyl (meth)acrylate or mixtures
thereof; and (b) 1 to 50% by weight, relative to the
weight of the mixture of acrylonitrile,
methacrylonitrile, maleic anhydride, N-substituted
maleimide or mixtures thereof. Suitably, the graft
base includes one crosslinked elastomer selected from
the group consisting of diene and alkyl acrylate in
particular. Particularly preferred graft copolymers
including polyacrylonitrile are obtainable by grafting
at least one (meth)acrylate and/or acrylonitrile
and/or styrene as thegrafted base, preferably styrene
and acrylonitrile, onto a graft base containing a
butadiene polymer. In addition to butadiene units, the
graft base may contain up to 50% by weight, based on
the weight of the butadiene units, of other
ethylenically unsaturated monomers, such as styrene,
acrylonitrile, or Ci to C4 alkyl (meth)acrylates. The
preferred graft base contains polybutadiene, a
copolymer of butadiene and acrylonitrile, or a
copolymer of butadiene and styrene. Suitable graft
copolymers including polyacrylonitrile may be produced
by free radical graft copolymehsation of the monomers
and comonomers constituting the graft phase in the
presence of the graft base. Suitable processes include
emulsion, solution, bulk or suspension polymerisation.
Suitably, the graft copolymer including
polyacrylonitrile is present in an amount of greater
than or equal to 0.5% by weight, preferably greater
than or equal to 1% by weight, more preferably greater
than or equal to 2% by weight, even more preferably
greater than or equal to 5% by weight, even more
preferably greater than or equal to 10% by weight
based on the total weight of the composition of the
present invention. Suitably, the graft copolymer
including polyacrylonitrile is present in an amount of
less than or equal to 60% by weight, preferably less
than or equal to 55% by weight, more preferably less
than or equal to 50% by weight, even more preferably
less than or equal to 45% by weight, most preferably
less than or equal to 40% by weight based on the total
weight of the composition of the present invention.
Preferably, the ratio by weight of the aromatic
polycarbonate to the weight of the graft copolymer
including polyacrylonitrile in the composition of the
present invention is 90:1 to 0.5:1 , preferably 40:1
to 0.75:1 , more preferably 10:1 to 



1: 1 .According to a preferred aspect, the composition
of the present invention further includes an impact
modifier for enhancing the toughness of the
composition. Suitable impact modifiers include rubbery
copolymers such as styrene-butadiene copolymers (SBC),
functional ethylene polymers, ethylenepropylene- diene
copolymers (EPDM), ethylene-vinyl-acetate copolymers
(EVA), butadiene based polymers, styrene-olefin
copolymers, methacrylatebutadiene- styrene (MBS)
copolymers, and acrylic based impact modifiers. It
will be appreciated that the impact modifier, when
present in the composition of the present invention,
is physically and chemically distinct from the graft
copolymer including polyacrylonithle, the
non-crosslinked acrylic polymer and the aromatic
polycarbonate. By the term "rubbery copolymer" we mean
materials which have a glass transition temperature of
less than room temperature, preferably less than or
equal to 0 C, more preferably less than or equal to -
10 C, even more preferably less than or equal to -20
C, even more preferably less than or equal to -30 C,
even more preferably less than or equal to -40 C. In
some embodiments, the materials may have a glass
transition temperature of less than or equal to -50 C,
preferably less than or equal to about -80 C. As will
be discussed hereunder, certain components may exhibit
both a glassy phase and a rubbery phase as a result of
the component exhibiting more than one glass
transition temperature. The glassy phase Tg is
observed at a higher temperature than the rubbery
phase Tg. For the avoidance of doubt, in instances
where the component exhibits both glassy and rubbery
phases, the preferred glass transition temperatures
mentioned above relate to the rubbery phase of the
material, not the glassy phase. Suitably, the impact
modifier is in the form of particles and/or a powder.
Preferably, the weight mean particle size of the
impact modifier is greater than or equal to 50 nm,
more preferably greater than or equal to 100 nm, even
more preferably greater than or equal to 150 nm.
Preferably the weight mean particle size of the impact
modifier is less than or equal to 1000 nm, more
preferably less than or equal to 750 nm, even more
preferably less than or equal to 500nm. Most
preferably, the weight mean particle size of the
impact modifier is 150 nm to 400 nm, especially 200 to
350 nm. By the term "weight mean" as referred to
herein we mean the volume/mass weighted arithmetic
mean diameter D(4,3). The weight mean particle size
may be determined by Photon Correlation Spectroscopy
in accordance with ISO 13321 : 1 996(E) using a
monochromatic coherent He-Ne laser with a fixed
wavelength of 632.8 nm and distilled and filtered
water as the dispersion medium. Highly preferred
impact modifiers comprise core-shell impact modifiers,
such as MBS impact modifiers and acrylic based impact
modifiers (AIM). MBS impact modifiers typically
comprise an elastomehc core of styrene and butadiene
and a rigid shell comprising a methyl methacrylate
homopolymer or a methyl methacrylate - styrene
copolymer. Acrylic based impact modifiers typically
comprise a core comprising a resin derived from one or
more alkyl (alk)acrylate monomers as defined herein
and a rigid shell also typically comprising a resin
derived from one or more alkyl (alk)acrylate monomers.
Acrylic based impact modifiers may also include an
intermediate phase which include a resin derived by
polymerising styrene type monomers, such as styrene.
The inclusion of a MBS impact modifier typically
provides enhanced impact properties at lower
temperatures (e.g. -20 C) compared with an acrylic
based impact modifier. Preferred acrylic based
core-shell impact modifiers, comprise a core and a
rigid outer shell which include resins derived from
one or more C1 to C5 alkyl (meth)acrylates as defined
herein. Suitable core-shell acrylic based impact
modifiers comprise 25 to 95 weight percent of the core
and 75 to 5 weight percent of the rigid shell. One or
more intermediate phases are optional, for example a
middle stage comprising a resin derived from styrene.
Suitably if the 



acrylic based impact modifier comprises two stages
then the core comprises an elastomeric phase. If the
acrylic based impact modifier comprises one or more
intermediate phases then the core may comprise a
non-elastomehc phase and the middle stage may comprise
the elastomeric phase. Preferred particles include
those where the core layer and the outer rigid shell
compriseresins which comprise homopolymers of methyl
methacrylate or random copolymers of methyl
methacrylate (about 88 to 99.9 wt%) and one or more C1
to C4 alkyl acrylate as defined herein (about 0.1 to
12 wt%). The core layer or intermediate layer (where
present) further includes a crosslinking monomer (e.g.
butylene diacrylate) and/or a graft linking monomer.
The graft linking monomer is a polyethylenically
unsaturated monomer having a plurality of addition
polymehsable reactive groups (e.g. allyl acrylate,
diallyl maleate). The function of the graft linking
monomer is to provide a residual level of unsaturation
in the elastomehc phase. Suitable core-shell acrylic
based impact modifiers may be prepared by techniques
well known to those skilled in the art as described in
US Patent No's 5,31 8,737; 4,444,949; and, 4,260,693.
A highly preferred core-shell acrylic based impact
modifier comprises an elastomeric core and a rigid
outer shell (i.e. 2 phases) as disclosed in US Patent
4,444,949. Suitably, the impact modifier may be
present in an amount of greater than or equal to 1% by
weight, preferably greater than or equal to 2% by
weight, more preferably greater than or equal to 3% by
weight based on the total weight of the composition of
the present invention. Suitably, the impact modifier
may be present in an amount of less than or equal to
20% by weight, preferably less than or equal to 15% by
weight, more preferably less than or equal to 10% by
weight based on the total weight of the composition of
the present invention. Typically, the inclusion of an
impact modifier in a melt processable composition may
be expected to result in a composition which is more
difficult to melt process. Unexpectedly, the inclusion
of the non-crosslinked acrylic polymer (iii) in the
composition of the present invention typically reduces
the combined holding and cooling time in injection
moulding applications even when the composition of the
present invention includes an impact modifier.
Furthermore, the composition of the present invention
typically exhibits an enhanced Melt Flow Rate when it
includes an impact modifier compared to a
comparablecomposition comprising only the aromatic
polycarbonate and the graft copolymer including
acrylonitrile and/or a comparable composition which
does not include the non-crosslinked acrylic polymer
(iii). The resulting composition of the present
invention including an impact modifier typically
exhibits enhanced toughness compared with a comparable
composition not including an impact modifier. Thus,
the non-crosslinked acrylic polymer (iii) in the
composition of the present invention typically
provides significant advantages in melt processing
applications even when the composition includes an
impact modifier. In particular, it is possible to vary
the concentration of the noncrosslinked acrylic
polymer and the impact modifier to enhance the Melt
Flow Rate and/or enhance the impact resistance of the
composition of the present invention. Suitably the
Melt Flow Index (MFI) @ 260 C of the composition of
the present invention (established in accordance with
ISO 1133:1 997 using 5kg/cm 3 load as discussed
hereunder) is at least 5% greater than, preferably at
least 10% greater than, more preferably at least 15%
greater than, even more preferably at least 20%
greater than, even more preferably at least 30%
greater than, even more preferably at least 40%
greater than, most preferably at least 50% greater
than the MFI value of a comparable composition
containing the same level of the aromatic
polycarbonate (i) not including the non-crosslinked
acrylic polymer (iii) and where the non-crosslinked
acrylic polymer (iii) is replaced with the same amount
of the graft copolymer including polyacrylonithle
(ii). The Melt Flow Index of a polymeric material as
defined herein is measured at 



260 C in accordance with ISO 1133:1 997. The polymeric
material for testing is manufactured using a twin
screw extruder and preconditioned in a vacuum oven at
80 C for 24 hours prior to testing. The material is
loaded into the barrel of a rheometer heated at 260 C
and having a die of diameter 2.095 ml. The loaded
rheometer is allowed to equilibrate for 10 mins and
then a load of 5 kg/cm3 applied to the piston. The
units for MFI are quoted in g/1 0 min.The composition
of the present invention may further include one or
more reinforcement fibres. Preferred reinforcement
fibres include glass fibre and carbon fibre.
Unexpectedly, the composition of the present invention
including a reinforcement fibre typically displays an
enhanced Melt Flow Rate and a reduced combined holding
and cooling time in injection moulding applications
compared with a comparable composition not including
the low molecular weight acrylic polymer. Moreover,
the inclusion of the reinforcement fibre in the
composition of the present invention typically
enhances the stiffness of the polymeric composition.
The reinforcement fibre may be present in an amount of
less than or equal to 40% by weight, more preferably
less than or equal to 30% by weight, even more
preferably less than or equal to 20% by weight based
on the total weight of the composition of the present
invention. Other optional additives which may be
present in the composition of the present invention
include: colour concentrates such as dyes and
pigments; lubricants; UV stabilisers; thermal
stabilisers; antioxidants; flame retardants;
antistatic agents; particulate fillers such as talc,
glass beads, titanium dioxide and calcium carbonate;
nanofillers such as nanoclays, nano oxide particles
and carbon nanotubes; and, processing aids such as
PTFE. The total amount of such optional additives will
generally not exceed 15% by weight based on the total
weight of the composition of the present invention.
According to a second aspect of the present invention
there is provided a process for manufacturing the
composition of the present invention which comprises
mixing the aromatic polycarbonate (i) with the graft
copolymer including polyacrylonithle (ii) and the
non-crosslinked acrylic polymer (iii), optionally in
the presence of an impact modifier and/or a
reinforcement fibre. Preferably, the mixing is
performed by melt-blending the aromatic polycarbonate,
the graft copolymer including polyacrylonithle and the
noncrosslinked acrylic polymer, optionally with an
impact modifier and/or a reinforcement fibre.
Preferably, the melt blending is performed at a
temperature of between 200 C to 300 C, more preferably
200 C to 260 C.The composition of the present
invention may be in the form of sheets, films, powders
or granules/pellets. Typically, the composition of the
present invention may be supplied in the form of
pellets. The pellets may then be thermally processed
for any downstream application. Suitable downstream
applications include melt-processing applications,
such as injection moulding and blow moulding
applications. Thus according to a third aspect, the
present invention provides a method of manufacturing
an article comprising melting the composition of the
present invention, adding the molten composition to a
mould, allowing the molten composition to solidify in
the mould to form the article and removing the article
from the mould. Preferably, the method comprises an
injection moulding application wherein the molten
composition is injected into the mould. Preferably,
the article comprises a shaped article. Alternatively,
or additionally, if the composition of the present
invention is in the form of sheets (e.g. extruded or
laminated sheets) it may be thermoformed or otherwise
formed into a desired shape by any suitable means.
Thus according to a fourth aspect, the present
invention provides an article, particularly a shaped
article, comprising the composition of the present
invention. Suitably, the article comprising the
composition of the present invention comprises a
component for use in the automotive, electrical or
engineering fields. The component may be formed by
injection moulding or fabricated from 



a sheet for example by thermoforming. The component
may subsequently be decorated for example by painting
or by applying a decorative film. Said component may
be for use in constructing a vehicle or in another
automotive application, both as a bulk material or as
a coextruded laminate. Such applications include, but
are not limited to, decorative exterior trim,interior
trim, vehicle cab mouldings, bumpers (fenders),
louvers, rear panels, side and quarter panels and the
like. Said component may be used in electrical
applications for example housings for articles such as
mobile phones, personal computers and televisions.
Said component may be used in engineering applications
for example housings for transformers and switch gear.
The present invention further extends to the use of a
non-crosslinked acrylic polymer as defined herein as
an additive for decreasing the process cycle time in
injection moulding applications of a mixture
comprising an aromatic polycarbonate as defined herein
and a graft copolymer including polyacrylonitrile as
defined herein, optionally including an impact
modifier as defined herein and/or a reinforcement
fibre. The present invention further extends to the
use of a non-crosslinked acrylic polymer as defined
herein as an additive for enhancing the Melt Flow Rate
of a mixture comprising an aromatic polycarbonate as
defined herein and a graft copolymer including
polyacrylonitrile as defined herein, optionally
including an impact modifier and/or a reinforcement
fibre. The invention further extends to a method of
enhancing the melt flow rate of a mixture comprising
an aromatic polycarbonate as defined herein, a graft
copolymer including polyacrylonitrile as defined
herein and optionally including an impact modifier
and/or a reinforcement fibre, the method comprising
mixing, preferably melt blending, a non-crosslinked
acrylic polymer as defined herein with the mixture.
The invention further extends to a method for
decreasing the process cycle time for forming an
article in injection moulding applications from a
mixture comprising an aromatic polycarbonate as
defined herein, a graft copolymer including
polyacrylonitrile as defined herein and optionally
including an impactmodifier and/or a reinforcement
fibre, the method comprising mixing a noncrosslinked
acrylic polymer with the mixture and then forming an
article from the resulting mixture by an injection
moulding procedure. The invention further extends to a
non-crosslinked acrylic polymer having a weight
average molecular weight (Mw) of less than or equal to
65,000 Daltons as defined herein. The invention will
be further described with reference to the following
examples. In the following Examples, the Melt Flow
Index of a polymeric material is measured in
accordance with ISO 1133:1 997 @ 260 C using a 5
kg/cm3 load on the piston of the rheometer. Samples
are prepared by twin screw extrusion and
preconditioned in a vacuum oven at 80 C for 24 hours.
The material is loaded into the barrel of a rheometer
heated to 260 C and fitted with a die of diameter
2.095 ml. The loaded rheometer is allowed to
equilibrate for 10 minutes prior to testing. The
impact resistance (Notched Izod) of a polymeric
material is measured in accordance with ISO-1 80A.
Test specimens are multipurpose Type 1A having the end
tabs cut off. The resulting test specimen measures 80
x 10 x 4 mm. The depth under the notch of the specimen
is 8 mm. For reduced temperature testing, the test
specimen is preconditioned for 6 hours in a freezer
set at the desired test temperature. Typically, the
elapsed time from removing the specimen from the
freezer to impact is 5 seconds. The Vicat B softening
temperature of a polymeric material is determined in
accordance with ISO 306B:1 987 Second Edition. The Mw
of a polymeric material is determined by using gel
permeation chromatography as follows. A dilute
solution of polymer (30mg of polymer 



dissolved in 10ml of chloroform) is passed through a
column (2 x PolymerLaboratories Ltd. UK 2x PLgel 10mm
MIXED-B /300x7.5mm/Part No. 1110- 6 100) in an oven
held at 30 C (Polymer Laboratories Ltd UK 505 LC
Column Oven) with chloroform as a solvent at a flow
rate of 1ml/min using a HPLC pump (Polymer
Laboratories UK Ltd LC1 120 HPLC Pump). The exit of
the column is fitted with an infra red detector
(Foxboro Miran-1 A CVF General Purpose IR Detector)
that is tuned to the carbonyl absorption (5.90
micrometers) and this is used for routine
determination of molecular weights of acrylic polymers
that are soluble in chloroform Calibration is carried
out using PMMA standards ex. Polymer Laboratories Ltd.
UK covering a molecular weight range of ~ 5000 -
1500000. Figure 1 is a plot of the impact resistance
of a composition versus the melt flow rate of a
composition. Figure 2 is a plot of the minimum cooling
time of various compositions in an injection moulding
application versus the melt flow rate of a
composition. Example 1 - Preparation of a
non-crosslinked acrylic polymer comprising methyl
methacrylate and ethyl acrylate (97:3) A 150 litre
stainless steel autoclave equipped with a stirrer and
a heating and cooling jacket is charged with 54 litres
of deionised water, 30 kg of methyl methacrylate (97%
by weight), 928 g of ethyl acrylate (3% by weight),
1259 g polymethacrylic acid (PMA - 4.07% by weight
based on the total amount of monomers), 260 g disodium
hydrogen phosphate dehydrate (0.84% by weight based on
the total amount of monomers), 62 g of
2,2'-azobis(isobutyronitrile)- (AIBN) (0.2% by weight
based on the total amount of monomers) and 343 g of
dodecyl mercaptan ( 1 . 1 1% by weight based on the
total amount of monomers) with agitation at room
temperature. The autoclave is sealed and purged with
nitrogen. The sealed autoclave is pressurised to 6 psi
and then heated to 82 C. The reaction mixture is
stirred while the reaction proceeds and maintainedat
82 C until the reaction exotherm begins to subside,
after which the reaction mixture is heated at 95 C for
20 minutes to reduce residual monomer levels and
decompose any residual initiator. The reaction mixture
is then cooled to room temperature, the contents
removed from the autoclave and filtered. The filtered
polymer is then washed with deionised water, spread
onto trays and dried in an air oven at a temperature
of 80 C for 48 hours, to yield an acrylic copolymer
comprising 97% by weight methyl methacrylate and 3% by
weight ethyl acrylate having a weight average
molecular weight (Mw) of 45,000 Da as determined by
gel permeation chromatography. Example 2 - Preparation
of non-crosslinked acrylic polymer comprising methyl
methacrylate and ethyl acrylate (97:3) Example 1 was
repeated except 247.5 g of dodecyl mercaptan (0.8% by
weight based on the total amount of monomers) were
employed. This produced an acrylic copolymer
comprising 97% by weight methyl methacrylate and 3% by
weight ethyl acrylate having a weight average
molecular weight (Mw) of 50,000 Da as determined by
gel permeation chromatography. Example 3 - Preparation
of non-crosslinked acrylic polymer comprising methyl
methacrylate and ethyl acrylate (97:3) Example 1 was
repeated except 6 18.5 g of dodecyl mercaptan (2.0% by
weight based on the total amount of monomers) were
employed. This produced an acrylic copolymer
comprising 97% by weight methyl methacrylate and 3% by
weight ethyl acrylate having a weight average
molecular weight (Mw) of 30,000 Da as determined by
gel permeation chromatography.Example 4 - Preparation
of non-crosslinked acrylic polymer comprising methyl
methacrylate and ethyl acrylate (93.5:6.5) Example 1
was repeated except 28.91 8 kg of methyl methacrylate
(93.5% by weight) and 201 0 g of ethyl acrylate (6.5%
by weight) were employed. This produced an acrylic
copolymer comprising 93.5% by weight methyl
methacrylate and 6.5% by weight ethyl acrylate having
a weight average molecular weight of approximately
45,000 Da. Example 5 - Preparation of a
non-crosslinked acrylic polymer comprising 



methyl methacrylate and butyl acrylate (97:3) Example
1 was repeated except 928 g of n-butyl acrylate (3% by
weight) was employed instead of ethyl acrylate.
Example 6 - Preparation of a non-crosslinked acrylic
polymer comprising methyl methacrylate and butyl
acrylate (93.5:6.5) Example 4 was repeated except 201
0 g n-butyl acrylate (6.5% by weight) was employed
instead of ethyl acrylate. Example 7 - Preparation of
a composition comprising an aromatic polycarbonate,
ABS and an acrylic polymer A mixture of Lexan 103 an
aromatic polycarbonate available from General
Electric, now "Sabic", (7.2 kg) pre-dhed in an air
circulating oven at 120 C for 4 hours, Polylac PA 709
a high impact ABS ( 1 .3 kg) available from Chi-Mei
and the acrylic polymer of Example 1 ( 1 .5 kg)
pre-dhed in an air circulating oven at 80 C for 4
hours was added to a high density polyethylene bag and
the contents tumbled by hand for 1 minute. The mixture
was then starve fed into the feed hopper of a Werner
Pfleider ZSK30 twin screw extruder equipped with two
30 mm co-rotating screws. The six temperature
controllable zones of the extruder from the hopper to
the die were set at 240 C, 255 C, 255 C, 255C, 255 C
and 255 C, respectively. A vacuum (20 in Hg) was
applied to the vent part between zones 5 and 6 of the
extruder (zone 6 being nearest the die). Both of the
co-rotating screws were run at 276 rpm and the
throughput of the mixture was 11.8 kg/hour. The
circular cross-section extrudate is delivered into a 5
metre long water both containing water at room
temperature. The cooled extrudate is then passed over
a series of guides to a strand pelletizing unit to
produce the composition in the form of pellets having
a length of 6 mm. Example 8 - Preparation of a
composition comprising an aromatic polycarbonate, ABS
and an acrylic polymer The procedure of Example 7 was
repeated using Lexan 103 (5.5 kg), Polylac PA 709 (3.0
kg) and the acrylic copolymer of Example 4 ( 1 .5 kg)
to produce the composition in the form of pellets
having a length of 6 mm. Example 9 - Preparation of a
composition comprising an aromatic polycarbonate, ABS
and an acrylic polymer The procedure of Example 7 was
repeated using Lexan 103 (7.0 kg), Polylac PA 709 (2.5
kg) and the acrylic polymer of Example 3 (0.5 kg) to
produce the composition in the form of pellets having
a length of 6 mm. General procedure for preparing a
composition comprising an aromatic polycarbonate, a
graft copolymer including polyacrylonithle, an acrylic
polymer and an impact modifier A mixture of an
aromatic polycarbonate pre-dhed in an air circulating
oven at 120 C for 4 hours, and a graft copolymer
including polyacrylonitrile, the noncrosslinked
acrylic polymer having a weight average molecular
weight of less than or equal to 65,000 Da and an
impact modifier all of which pre-dhed in an air
circulating oven at 80 C for 4 hours are added to a
high density polyethylene bag and the contents tumbled
by hand for 1 minute. The mixture is then starve fed
into the feed hopper of a Werner Pfleider ZSK30 twin
screwextruder equipped with two 30 mm co-rotating
screws. The six temperature controllable zones of the
extruder from the hopper to the die were set at 240
-C, 255 -C, 255 -C, 255 -C, 255 -C and 255 -C,
respectively. A vacuum (20 in Hg) was applied to the
vent part between zones 5 and 6 of the extruder (zone
6 being nearest the die). Both of the co-rotating
screws were run at 276 rpm and the throughput of the
mixture was 11.8 kg/hour. The circular cross-section
extrudate is delivered into a 5 metre long water both
containing water at room temperature. The cooled
extrudate is then passed over a series of guides to a
strand pelletizing unit to produce the composition in
the form of pellets having a length of 6 mm. Examples
10 to 16 The compositions of Examples 10 to 16 as
detailed in Table 1 are prepared in accordance with
the general procedure as detailed above. Lexan 103 is
an 



aromatic polycarbonate available from General
Electric, now "Sabic", Polylac PA 709 is a high impact
ABS available from Chi Mei, KM355 is a MBS based
core-shell impact modifier particle (Tg approximately
-45 C having a weight mean particle size of 200 nm)
and is available from Rohm & Haas, Clearstrength E920
is a MBS based core-shell impact modifier particle (Tg
approximately -80 C having a weight mean particle size
of 300 nm) and is available from Arkema. Comparative
Examples A to F The comparative compositions of
Examples A to F to as detailed in Table 2 are prepared
in accordance with the general procedure as detailed
above but with the omission of the non-crosslinked
acrylic polymer or both the non-crosslinked acrylic
polymer and the impact modifier. The following is
evident from the results displayed in Tables 1 and 2
:(a) Increasing the amount of polycarbonate in a
polycarbonate and ABS blend reduces the Melt Flow Rate
of the blend (see MFI), increases the impact
resistance of the blend (see Notched Izod) and
increases the Vicat softening temperature of the blend
(see Examples A to D of Table 2). (b) Increasing the
amount of impact modifier in a
polycarbonate/ABS/impact modifier blend reduces the
Melt Flow Rate of the blend and increases the impact
resistance (see Examples B, E and F of Table 2). (c) A
decrease in the Melt Flow Rate (MFI) of a
polycarbonate and ABS blend optionally including an
impact modifier typically results in an increase in
the impact resistance (Notched Izod @ 23 C) of the
blend (see Examples A to D of Table 2). (d) Adding the
non-crosslinked acrylic polymer at the expense of ABS
to a polycarbonate/ABS/impact modifier blend
significantly increases the Melt Flow Rate of the
blend. Compare Example F of Table 2 (MFI 8.6 g/1 0 min
@ 260 -C) with Example 10 of Table 1 (MFI 14.5 g/1 0
min @ 260 -C) and Example E of Table 2 (MFI 10.7 g/1 0
min @ 260 C) with Example 11 of Table 1 (MFI 25.6 g/1
0 min @ 260 -C). (e) The compositions of the present
invention have comparable Vicat softening temperatures
to polycarbonate and ABS blends which optionally
include an impact modifier (compare Vicat B of
Examples 10 to 16 of Table 1 with Examples A to F of
Table 2). (f) Increasing the amount of non-crosslinked
acrylic polymer and decreasing the amount of impact
modifier in a composition of the present may provide
an increase in the Melt Flow Rate without the loss of
impact resistance of the composition (compare MFI @
260 C g/1 0 min and Notched Izod @ 23 C kJ/m 2 for
Examples 13 and 14 and Examples 15 and 16).Table 1
Table 2 : Comparative ExamplesPHARMACEUTICAL
COMPOSITIONS AND METHOD FOR TREATING SCHIZOPHRENIA
FIELD OF THE INVENTION The present invention relates
to use of (thio)-carbamoyl-cyclohexane derivatives,
particularly
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}- N N-dimethylcarbamoyl-cyclohexylamine and
pharmaceutically acceptable salts thereof in the
manufacture of a medicament for the treatment of
schizophrenia. Furthermore, the present invention
relates to the treatment of schizophrenia through the
administration of (thio)- carbamoyl cyclohexane
derivatives, particularly
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazinl -yl
-ethyl -N N-dimethylcarbamoyl-cyclohexylamine and
pharmaceutically acceptable salts thereof. BACKGROUND
OF THE INVENTION Schizophrenia i s a lifelong
disabling psychiatric disorder with a reported
worldwide prevalence of about 1%, including 3.2
million Americans (see, e.g., National Institute of
Mental Health, Schizophrenia,
httpV/www.nimh.nih.gov/healthinformation/schizophrenia
menu.cfin 2006; Mueser and 



McGurk, Lancet 2004;363:2063-72, 2004). The disorder
usually manifests during adolescence or in young
adulthood; the cardinal symptoms fall into three
domains - positive symptoms, such as delusions and
hallucinations, negative symptoms, such as lack of
drive and social withdrawal, and cognitive symptoms,
such as problems with attention and memory. These lead
to social and occupational dysfunction, which
inevitably have a profound effect on the family and
the place of the affected individual in wider society.
In addition to psychiatric symptoms, patients with
schizophrenia are at greater risk for medical
comorbidities than the general population. Drug
treatment with dopamine antagonists is the cornerstone
of schizophrenia management both during the acute as
well as the residual phase. Current guidelines
recommend atypical antipsychotics, including
risperidone, olanzapine, quetiapine, ziprasidone, and
aripiprazole, as first-line treatment for
schizophrenia. These drugs can beuniformly
characterized by their dual mode of action: in
addition to antagonism of the dopamine D receptor,
they are also potent inhibitors at the serotonin
5-HT2A receptor. Although an improvement over the
classical neuroleptics, atypical antipsychotics still
have shortcomings in the effective management of the
disease. In particular, these drugs are associated
with a high incidence of side effects (eg
extrapyramidal symptoms [EPSs] at high dose, sedation,
cardiovascular effects such as QTc prolongation,
hematologic alterations, effects on sexual function,
weight gain, metabolic abnormalities). Furthermore,
treatment resistance remains high with 10% to30% of
patients having little or no response to currently
available antipsychotic medications, and up to an
additional 30% of patients having only partial
treatment response (see, e.g., Lehman et al, Am. J.
Psychiatry, 161(2 Suppl), 1-56, 2004). This has led to
the common clinical practice of experimental use of
high doses of atypicals, antipsychotic polypharmacy,
and augmentation with other psychotropic drugs (see,
e.g., Zink et al, Eur. Psychiatry, 19:56-58, 2004;
Stahl and Grady, Curr. Med. Chem., 11, 313-27, 2004).
According to the American Psychiatric Association
guidelines for the treatment of schizophrenia, 60 % to
70 % of patients relapse within 1 year without
maintenance treatment and almost 90% relapse within 2
years (see, e.g., Lehman et al., Am. J. Psychiatry,
161(2 Suppl), 1-56, 2004). Overall, a significant
unmet medical need in the treatment of schizophrenia
still exists and much effort is being made to identify
and develop improved antipsychotic agents. In this
search, the D3 dopamine receptor has emerged as a
possible target for antipsychotic drug treatment. This
strategy is based on the brain distribution and
suggested role ofD receptors, which have the highest
density in the ventral striatum (see, e.g., Gurevich
and Joyce, Neuropsychopharmacology, 20, 60-80, 1999),
one of the core areas in the disease pathology.
Dopamine D3 receptors appear to participate in
regulation of motor activity (see, e.g., Shafer and
Levant, Psychopharmacology (Berl), 135, 1-1, 1998) and
cognitive function (see, e.g., Ukai et al, Eur. J.
Pharmacol, 324, 147-51, 1997; Smith et al., Pharmacol
Biochem. Behav., 63, 201-1 1, 1999). Selective
antagonists of the receptor modulated or even
abolished motor disturbances (catalepsy) induced by D2
antagonists (see, e.g., Millan et al, Eur. J.
Pharmacol, 321, R7-9, 1997; Gyertyan et al,
[abstract]. Int. J.Neuropsychopharmacol., 5 Suppl. 1,
174, 2002) in rodent models and did not cause motor
side effects or increase prolactin levels when given
alone (see, e.g., Reavill et al, A. J. Pharmacol. Exp.
Ther., 294, 1154-65, 2000; Millan et al, J. Pharmacol.
Exp. Ther., 293, 1063-73, 2000). This suggests greatly
reduced extrapyramidal side effect liability. D3
antagonists were shown to improve cognitive
deficiencies caused by various agents in rodents (see,
e.g., Sigala et al, Eur. J. Pharmacol, 336, 107-12,
1997; Laszy et al, Psychopharmacology (Berl), 179,
567-75, 2005) and primates, suggesting the possibility
of a promising approach to the treatment of cognitive
disturbances in schizophrenia. Dopamine D3 receptor
antagonists increase the motor activity of animals in
habituated environments (see, e.g., Waters et al, J.
Neural. Transm. Gen. Sect., 98, 39-55, 1994; Sautel et
al, J. Pharmacol Exp. Ther., 275, 1239-46, 1995;
Gyertyan and Saghy, Behav. Pharmacol, 15, 253-62,
2004). This activating effect may prove to be
beneficial against the negative symptoms of the
disease. However, the lack of effect of selective D3
antagonists in various animal models used so far to
assess (human) antipsychotic action suggests that
"pure" D3 antagonists alone may not have sufficiently
robust antipsychotic effects to justify clinical
development. It has been 



shown that approximately 60 % to 80 % occupancy of
dopamine D2 receptors is necessary to achieve an
antipsychotic action in the clinic (see, e.g., Nyberg
et al, Br. J. Psychiatry. Suppl, (29), 40-4, May 1996;
Seeman, Clin. Neurosci. Res., 1, 53-60, 2001). This
latter phenomenon provides the basis for the view that
D2 antagonism is essential for antipsychotic action.
Therefore, it is considered that addition of D3
antagonism to D antagonism may offer distinct
advantages over the existing antipsychotics in the
treatment of schizophrenia, namely no EPSs, cognitive
enhancing potential, and augmented effect on negative
symptoms. U.S. Patent Publication No. 2006/0229297
discloses (thio)-carbamoyl-cyclohexane derivatives
that are D3 and D2 dopamine receptor subtype
preferring ligands, having the formula (I):wherein R1,
R2, X, and n are as defined therein. Hungarian Patent
Application No. P0700339 discloses salts of
trans-4-{2-[4-(2,3- dichlorophenyl)-piperazin-
1-yl]-ethyl} -N^-dimethylcarbamoyl-cyclohexylamine.
One particular compound disclosed therein is
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-
ethyl -N N-dimethylcarbamoyl-cyclohexylamine
hydrochloride, which is also known as trans-l
{4-[2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-ethyl]-c
yclohexyl}-3,3-dimethyl-urea hydrochloride, the
structural formula for which is shown below: These
(thio)-carbamoyl-cyclohexane derivatives are orally
active and very potent dopamine D3/D2 receptor
antagonists, which bind with significantly higher
potency to D3 than D2 receptors. The D3 receptor
antagonism is about one order of magnitude greater
than the D2 receptor antagonism, which is believed to
counteract some of the extrapyramidal side effects
produced by D2 receptor antagonists. In addition to
the increased relative affinity for dopamine D3 to D2,
e.g.
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,Ndimethylcarbamoyl- cyclohexylamine
hydrochloride has a low potency at other receptor
sites such as the 5-HT2c, histamine H1, and adrenergic
receptor sites, which suggest a lower potential for
side effects such as EPSs and body weight gain. Thus,
there is an existing and continual need for effective
treatments for the symptoms of schizophrenia and
cognitive effects associated with schizophrenia,
without some of the side effects associated with
traditional treatments. SUMMARY OF THE INVENTION The
present invention relates to use of
(thio)-carbamoyl-cyclohexane derivatives of formula
(I), particularly
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,Ndimethylcarbamoyl- cyclohexylamine and
pharmaceutically acceptable salts thereof in
themanufacture of a medicament for the treatment of
schizophrenia. Furthermore the present invention
relates to the treatment of schizophrenia through the
administration of (thio)- carbamoyl cyclohexane
derivatives of formula (I), particularly
trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylamine and pharmaceutically acceptable
salts thereof. DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to use of
(thio)-carbamoyl-cyclohexane derivatives of formula
(I) (I) wherein R1 and R2 are each, independently
hydrogen, alkyl, alkenyl, aryl, cycloalkyl, aroyl, or
R1 and R form a heterocyclic ring with the adjacent
nitrogen atom; X is O or S; n is 1 or 2; and/or
geometric isomers and/or stereoisomers and/or
diastereomers and/or salts and/or hydrates and/or
solvates and/or polymorphs thereof in the manufacture
of a medicament for the treatment of schizophrenia. In
certain embodiments, when R1 and/or R2 represent
alkyl, the alkyl moiety is a substituted or
unsubstituted saturated hydrocarbon radical which may
be straight-chain or branched-chain and contains about
1 to about 6 carbon atoms (particularly, 1 to 4 carbon
atoms), and is optionally substituted with one or more
C1-6 alkoxycarbonyl, aryl (e.g., phenyl) or (C1-6
alkoxycarbonyl)-C 1-6 alkyl groups, or combinations
thereof.In additional embodiments, R1 and R2 form a
heterocyclic ring with the adjacent nitrogen atom,
which may be a saturated or unsaturated, optionally
substituted, monocyclic or bicyclic ring, which may
contain further heteroatoms selected from O, N, or S.
For example, the heterocyclic ring can be pyrrolidine,
piperazine, piperidine or morpholine. 



In additional embodiments, when R1 and/or R represent
alkenyl, the alkenyl moiety may have 2 to 7 carbon
atoms and 1 to 3 double bonds. In additional
embodiments, when R1 and/or R2 represent aryl, the
aryl moiety may be selected from an optionally
substituted mono-, bi- or tricyclic aryl, such as, but
not limited to, phenyl, naphthyl, fluorononyl, or
anthraquinonyl group (e.g., phenyl or naphthyl). The
aryl moiety may be substituted with one or more C1-6
alkoxy, trifluoro-C 1-6 alkoxy, C1-6 alkoxycarbonyl,
C1-6 alkanoyl, aryl, C1-6 alkylthio, halogen, cyano
groups or combinations thereof. In additional
embodiments, when R1 and/or R2 represent cycloalkyl,
the cycloalkyl moiety may be selected from an
optionally substituted mono-, bi- or tricyclic
cycloalkyl group, such as cyclohexyl or adamantyl. In
additional embodiments, when R1 and/or R2 represent
aroyl the aryl moiety therein is as defined above,
e.g., phenyl. Pharmaceutically acceptable salts
include those obtained by reacting the main compound,
functioning as a base with an inorganic or organic
acid to form a salt, for example, salts of
hydrochloric acid, sulfuric acid, phosphoric acid,
methane sulfonic acid, camphor sulfonic acid, oxalic
acid, maleic acid, succinic acid, citric acid, formic
acid, hydrobromic acid, benzoic acid, tartaric acid,
fumaric acid, salicylic acid, mandelic acid, and
carbonic acid. Pharmaceutically acceptable salts also
include those in which the main compound functions as
an acid and is reacted with an appropriate base to
form, e.g., sodium, potassium, calcium, magnesium,
ammonium, and choline salts. Those skilled in the art
will further recognize that acid addition salts of the
claimed compounds may be prepared by reaction of the
compounds with the appropriate inorganic or organic
acid via any of a number of known methods.
Alternatively, alkali and alkaline earth metal salts
can be prepared by reacting the compounds of the
invention with the appropriate base via a variety of
known methods.The following are further examples of
acid salts that can be obtained by reaction with
inorganic or organic acids: acetates, adipates,
alginates, citrates, aspartates, benzoates,
benzenesulfonates, bisulfates, butyrates, camphorates,
digluconates, cyclopentanepropionates,
dodecylsulfates, ethanesulfonates, glucoheptanoates,
glycerophosphates, hemisulfates, heptanoates,
hexanoates, fumarates, hydrobromides, hydroiodides,
2-hydroxyethanesulfonates, lactates, maleates,
methanesulfonates, nicotinates,
2-naphthalenesulfonates, oxalates, palmoates,
pectinates, persulfates, 3-phenylpropionates,
picrates, pivalates, propionates, succinates,
tartrates, thiocyanates, tosylates, mesylates and
undecanoates. In one embodiment, the pharmaceutically
acceptable salt is a hydrochloride salt. Some of the
compounds useful in the present invention can exist in
different polymorphic forms. As known in the art,
polymorphism is an ability of a compound to
crystallize as more than one distinct crystalline or
"polymorphic" species. A polymorph is a solid
crystalline phase of a compound with at least two
different arrangements or polymorphic forms of that
compound molecule in the solid state. Polymorphic
forms of any given compound are defined by the same
chemical formula or composition and are as distinct in
chemical structure as crystalline structures of two
different chemical compounds. The use of such
polymorphs is within the scope of the present
invention. Some of the compounds useful in the present
invention can exist in different solvate forms.
Solvates of the compounds of the invention may also
form when solvent molecules are incorporated into the
crystalline lattice structure of the compound molecule
during the crystallization process. For example,
suitable solvates include hydrates, e.g.,
monohydrates, dihydrates, sesquihydrates, and
hemihydrates. The use of such solvates is within the
scope of the present invention. Furthermore, the
present invention particularly relates to the use of
trans-4-{2-[4-(2,3- dichlorophenyl)-piperazin-
1-yl]-ethyl} -N N-dimethylcarbamoyl-cyclohexylamine
and pharmaceutically acceptable salts thereof, more
particularly to the use of trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin- 1-yl] -ethyl}-N
N-dimethylcarbamoyl-cyclohexylamine hydrochloride in
the manufacture of a medicament for the treatment of
schizophrenia.Furthermore, the present invention
relates to a method of treating schizophrenia by
administering to a patient in need thereof, a
therapeutically effective amount of a compound of
formula (I) and/or geometric isomers and/or
stereoisomers and/or diastereomers and/or salts and/or
hydrates and/or solvates and/or polymorphs thereof as
the active ingredient. Furthermore, the present
invention particularly relates to a method of treating
schizophrenia 



by administering to a patient in need thereof a
therapeutically effective amount of trans-4- {2-
[4-(2,3-dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dim
ethylcarbamoyl-cyclohexylamine or a pharmaceutically
acceptable salt thereof, more particularly a
therapeutically effective amount of
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,N-dimethylcarbamoylcyclohexylamine hydrchloride,
as active ingredient. In certain embodiments, the
active ingredient is administered in an amount of
about 0.1 mg, about 0.2 mg, about 0.3 mg, about 0.4
mg, about 0.5 mg, about 1 mg, about 1.5 mg, about 2
mg, about 2.5 mg, about 3 mg, about 3.5 mg, about 4
mg, about 4.5 mg, about 5 mg, about 5.5 mg, about 6
mg, about 6.5 mg, about 7 mg, about 7.5 mg, about 8
mg, about 8.5 mg, about 9 mg, about 9.5 mg, about 10
mg, about 10.5 mg, about 11 mg, about 11.5 mg, or
about 12 mg. In yet further embodiments, the active
ingredient is administered in an amount which ranges
between any two of these dosage amounts. For example,
in one embodiment, the active ingredient is
administered in an amount from about 1.5 mg to about
4.5 mg. In another embodiment, the active ingredient
is administered in an amount from about 6 mg to about
12 mg. In yet another embodiment, the active
ingredient is administered in an amount from about 0.5
mg to about 12 mg In exemplary embodiments, the active
ingredient is administered in an amount of about 0.5
mg, about 1.0 mg, about 1.5 mg, about 3 mg, about 4.5
mg, about 6 mg, about 9 mg or about 12 mg, for
example, in an amount of about 1.5 mg, about 3 mg,
about 4.5 mg, about 6 mg, about 9 mg or about 12 mg.
The desired dose may be administered as one or more
daily sub dose(s) administered at appropriate time
intervals throughout the day, or alternatively, in a
single dose, for example, for morning or evening
administration. For example, the daily dosage may be
divided into one, into two, into three, or into four
divided daily doses.The duration of the treatment may
be decades, years, months, weeks, or days, as long as
the benefits persist. In one embodiment, the present
invention relates to a method of treating
schizophrenia by administering to a patient in need
thereof about 0.5 mg
trans-4-{2-[4-(2,3-dichlorophenyl)- piperazin-l -y
-ethyl -N N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof. In one
embodiment, the present invention relates to a method
of treating schizophrenia by administering to a
patient in need thereof about 1.0 mg
trans-4-{2-[4-(2,3-dichlorophenyl)- piperazin- l -yl
-ethyl -N N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof. In one
embodiment, the present invention relates to a method
of treating schizophrenia by administering to a
patient in need thereof about 1.5 mg
trans-4-{2-[4-(2,3-dichlorophenyl)- piperazin-l
-ylJ-ethyl -N N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof. In another
embodiment, the present invention relates to a method
of treating schizophrenia by administering to a
patient in need thereof about 3 mg trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin- 1-yl] -ethyl}-N
N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof. In a further
embodiment, the present invention relates to a method
of treating schizophrenia by administering to a
patient in need thereof about 4.5 mg
trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylamine or a pharmaceutically
acceptable salt thereof. In yet another embodiment,
the present invention relates to a method of treating
schizophrenia by administering to a patient in need
thereof about 6 mg trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylamine or a pharmaceutically
acceptable salt thereof. In another embodiment, the
present invention relates to a method of treating
schizophrenia by administering to a patient in need
thereof about 9 mg
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-1-yl]
-ethyl}-N N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof. In yet
another embodiment, the present invention relates to a
method of treating schizophrenia by administering to a
patient in need thereof about 12 mg
trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylamine or a pharmaceutically
acceptable salt thereof. 



In additional embodiments, the active ingredient
administered is trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-1-yl] -ethyl}-N
N-dimethylcarbamoyl-cyclohexylamine hydrochloride. In
one embodiment, the active ingredient is administered
in one or two divided daily doses. In one embodiment,
the administration of the active ingredient provides
therapeutic effects in the treatment of cognitive
symptoms of schizophrenia. In another embodiment, the
administration of the active ingredient provides
therapeutic effects in the treatment of positive
symptoms of schizophrenia. In a further embodiment,
the administration of the active ingredient provides
therapeutic effects in the treatment of negative
symptoms of schizophrenia. hi other embodiments, the
administration provides therapeutic effects in the
treatment of affective symptoms of schizophrenia,
residual symptoms of schizophrenia, or
schizophreniform disorder. The compounds of formula
(I) can be administered alone or as an active
ingredient of a pharmaceutical composition. Numerous
standard references are available that describe
procedures for preparing various formulations suitable
for administering the compounds according to the
invention. Examples of potential formulations and
preparations are contained, for example, in the
Handbook of Pharmaceutical Excipients, American
Pharmaceutical Association (current edition);
Pharmaceutical Dosage Forms: Tablets (Lieberman,
Lachman and Schwartz, editors)current edition,
published by Marcel Dekker, Inc., as well as
Remington's Pharmaceutical Sciences (Arthur Osol,
editor), 1553-1593 (current edition). The mode of
administration and dosage forms is closely related to
the therapeutic amounts of the compounds or
compositions which are desirable and efficacious for
the given treatment application. Suitable dosage forms
include but are not limited to oral, rectal,
sub-lingual, mucosal, nasal, ophthalmic, subcutaneous,
intramuscular, intravenous, transdermal, spinal,
intrathecal, intra-articular, intra-arterial,
sub-arachinoid, bronchial, lymphatic, and
intra-uterille administration, and other dosage forms
for systemic delivery of active ingredients.
Formulations suitable for oral administration are
preferred. To prepare such pharmaceutical dosage
forms, the active ingredient, is intimately admixed
with a pharmaceutical carrier according to
conventional pharmaceutical compounding techniques.
The carrier may take a wide variety of forms depending
on the form of preparation desired for administration.
In preparing the compositions in oral dosage form, any
of the usual pharmaceutical media may be employed.
Thus, for liquid oral preparations, such as, for
example, suspensions, elixirs and solutions, suitable
carriers and additives include water, glycols, oils,
alcohols, flavoring agents, preservatives, coloring
agents and the like. For solid oral preparations such
as, for example, powders, capsules and tablets,
suitable carriers and additives include starches,
sugars, diluents, granulating agents, lubricants,
binders, disintegrating agents and the like. Due to
their ease in administration, tablets and capsules
represent the most advantageous oral dosage unit form.
If desired, tablets may be sugar coated or enteric
coated by standard techniques. For parenteral
formulations, the carrier will usually comprise
sterile water, though other ingredients, for example,
ingredients that aid solubility or for preservation,
may be included. Injectable solutions may also be
prepared in which case appropriate stabilizing agents
may be employed. In some applications, it may be
advantageous to utilize the active agent in a
"vectorized" form, such as by encapsulation of the
active agent in a liposome or otherencapsulant medium,
or by fixation of the active agent, e.g., by covalent
bonding, chelation, or associative coordination, on a
suitable biomolecule, such as those selected from
proteins, lipoproteins, glycoproteins, and
polysaccharides. Treatment methods of the present
invention using formulations suitable for oral
administration may be presented as discrete units such
as capsules, cachets, tablets, or lozenges, each
containing a predetermined amount of the active
ingredient as a powder or granules. Optionally, a
suspension in an aqueous liquor or a non-aqueous
liquid may be employed, such as a syrup, an elixir, an
emulsion, or a draught. 



A tablet may be made by compression or molding, or wet
granulation, optionally with one or more accessory
ingredients. Compressed tablets may be prepared by
compressing in a suitable machine, with the active
compound being in a free-flowing form such as a powder
or granules which optionally is mixed with, for
example, a binder, disintegrant, lubricant, inert
diluent, surface active agent, or discharging agent.
Molded tablets comprised of a mixture of the powdered
active compound with a suitable carrier may be made by
molding in a suitable machine. A syrup may be made by
adding the active compound to a concentrated aqueous
solution of a sugar, for example sucrose, to which may
also be added any accessory ingredient(s). Such
accessory ingredient(s) may include flavorings,
suitable preservative, agents to retard
crystallization of the sugar, and agents to increase
the solubility of any other ingredient, such as a
polyhydroxy alcohol, for example glycerol or sorbitol.
Formulations suitable for parenteral administration
usually comprise a sterile aqueous preparation of the
active compound, which preferably is isotonic with the
blood of the recipient (e.g., physiological saline
solution). Such formulations may include suspending
agents and thickening agents and liposomes or other
microparticulate systems which are designed to target
the compound to blood components or one or more
organs. The formulations may be presented in unit-dose
or multi-dose form. Parenteral administration may
comprise any suitable form of systemic delivery or
delivery directly to the CNS. Administration may for
example be intravenous, intra-arterial, intrathecal,
intramuscular, subcutaneous, intramuscular,
intra-abdominal (e.g.,intraperitoneal), etc., and may
be effected by infusion pumps (external or
implantable) or any other suitable means appropriate
to the desired administration modality. Nasal and
other mucosal spray formulations (e.g. inhalable
forms) can comprise purified aqueous solutions of the
active compounds with preservative agents and isotonic
agents. Such formulations are preferably adjusted to a
pH and isotonic state compatible with the nasal or
other mucous membranes. Alternatively, they can be in
the form of finely divided solid powders suspended in
a gas carrier. Such formulations may be delivered by
any suitable means or method, e.g., by nebulizer,
atomizer, metered dose inhaler, or the like.
Formulations for rectal administration may be
presented as a suppository with a suitable carrier
such as cocoa butter, hydrogenated fats, or
hydrogenated fatty carboxylic acids. Transdermal
formulations may be prepared by incorporating the
active agent in a thixotropic or gelatinous carrier
such as a cellulosic medium, e.g., methyl cellulose or
hydroxyethyl cellulose, with the resulting formulation
then being packed in a transdermal device adapted to
be secured in dermal contact with the skin of a
wearer. hi addition to the aforementioned ingredients,
formulations of this invention may further include one
or more accessory ingredient(s) selected from
diluents, buffers, flavoring agents, binders,
disintegrants, surface active agents, thickeners,
lubricants, preservatives (including antioxidants),
and the like. The formulations of the present
invention can have immediate release, sustained
release, delayed-onset release or any other release
profile known to one skilled in the art. In one
embodiment of the present invention,
trans-4-{2-[4-(2,3-dichlorophenyl)- piperazin-l -yl
-ethyl -N N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof is
administered as an adjunctive treatment to one or more
additional therapeutic agents (e.g., antipsychotics,
antidepressants). In another embodiment, trans-4-{2-
[4-(2,3-dichlorophenyl)-piperazin- 1-yl]-ethyl} -N
N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof may be
co-administered as a combination therapy with one or
more one or more additional therapeutic agents (e.g.,
antipsychotics, antidepressants).The antipsychotic may
be an atypical or a typical antipsychotic, preferably
an atypical antipsychotic. Examples of atypical
antipsychotics include, but are not limited to,
olanzapine, clozapine, risperidone, sertindole,
quetiapine, aripiprazole, ziprasidone, and surmontil,
Examples of typical antipsychotics include, but are
not limited to: acepromazine, benperidol, bromazepam,
bromperidol, chlorpromazine, chlorprothixene,
clotiapine, cyamemazine, diazepam, dixyrazine,
droperidol, flupentixol, fluphenazine, fluspirilene,
haloperidol, heptaminol, isopropamide iodide,
levomepromazine, levosulpiride, loxapine, melperone,
mesoridazine, molindone, oxypertine, oxyprothepine,
penfluridol, perazine, periciazine, 



perphenazine, pimozide, pipamperone, pipotiazine,
prochlorperazine, promazine, promethazine,
prothipendyl, pyridoxine, sulpiride, sultopride,
tetrabenazine, thioproperazine, thioridazine,
tiapride, tiotixene, trifluoperazine, triflupromazine,
trihexyphenidyl, and zuclopenthixol. Definitions The
term "pharmaceutically acceptable" means biologically
or pharmacologically compatible for in vivo use in
animals or humans, and preferably means approved by a
regulatory agency of the Federal or a state government
or listed in the U.S. Pharmacopeia or other generally
recognized pharmacopeia for use in animals, and more
particularly in humans. The term "schizophrenia" is
intended to include the group of mental disorders
characterized by disruptions in thinking and
perception, and includes schizophrenia (and all its
subtypes; paranoid, catatonic, disorganized, residual,
undifferentiated) and other psychotic disorders (as
per Diagnostic and Statistical Manual for Mental
Disorders, Fourth Edition, Washington, D.C (1994):
American Psychiatric Association, or The ICD-10
Classification of Mental and Behavioural Disorders:
Clinical Descriptions and Diagnostic Guidelines,
Geneva (1992): World Health Organization) such as
schizophreniform and schizoaffective disorders, brief
psychotic disorder, etc. hi a clinical evaluation,
schizophrenia is commonly marked by "positive
symptoms" such as hallucinations (especially auditory
hallucination which are usually experienced as
voices), disorganized thought processes and delusions
as well as "negative symptoms" which include affective
flattening, alogia, avolition, and anhedonia.The term
"the negative symptoms of schizophrenia" refer to a
class of symptoms of schizophrenia which can be
considered to reflect a loss' in functional, directed
thought or activity. Negative symptoms of
schizophrenia are well known in the art, and include
affective flattening (characterized by, for example,
an immobile and/or unresponsive facial expression,
poor eye contact and reduced body language), alogia
('poverty of speech' or brief, laconic and/or empty
replies), avolition (characterized by a reduced or
absent ability to initiate and carry out goal-directed
activities), anhedonia (loss of interest or pleasure),
asocialty (reduced social drive and interaction),
apathy and other negative symptoms known to those of
skill in the art. The negative symptoms of
schizophrenia may be assessed using any methodology
known in the art including, but not limited to, the
Brief Psychiatric Rating Scale (BPRS), and the
Positive and Negative Symptom Scale (PANSS). The BPRS
and PANSS have subscales or factors that can be used
to measure negative symptoms. Other scales have been
designed to address specifically negative symptoms:
For example the Scale for the Assessment of Negative
Symptoms (SANS), the Negative Symptoms Assessment
(NSA) and the Schedule for the Deficit Syndrome (SDS).
Subscales of the BPRS and PANSS may also be used to
assess positive symptoms, although methods for
specifically assessing positive symptoms are also
available (e.g., the Scale for the Assessment of
Positive Symptoms, or SAPS). The term "cognitive
deficits associated with schizophrenia" refers to
cognitive deficits in schizophrenia patients.
Cognitive impairment in schizophrenia is a core
feature of the illness (i.e. not a result of treatment
or clinical symptoms). Cognitive deficits include, but
are not limited to deficits of attention/vigilance,
working memory, verbal learning and memory,
visuospatial memory, reasoning/problem solving and
social cognition. There are numerous
neuropsychological tests used to measure cognitive
deficits in schizophrenia, such as the Wisconsin Card
Sorting Test (WCST). The terms "treat," "treatment,"
and "treating" refer to one or more of the following:
(a) relieving or alleviating at least one symptom of a
disorder in a subject, including for example, allergic
and inflammatory disorders, such as asthma and COPD;
(b) relieving or alleviating the intensity and/or
duration of a manifestation of a disorder experienced
by a subject including, but not limited to, those that
are in response to a given stimulus (e.g., pressure,
tissue injury, cold temperature, etc.);(c) arresting,
delaying the onset (i.e., the period prior to clinical
manifestation of a disorder) and/or reducing the risk
of developing or worsening a disorder. An "effective
amount" means the amount of an active ingredient that,
when administered to a patient (e.g., a mammal) for
treating a disease (i.e., schizophrenia), is
sufficient to effect such treatment for the disease,
or an amount that is sufficient for modulating a
dopamine receptor (e.g., the dopamine D2 and/or
dopamine D receptor) to achieve the objectives of the
invention. The "effective amount" will vary depending
on the 



compound, the disease and its severity and the age,
weight, responsiveness, etc., of the patient to be
treated. A subject or patient in whom administration
of the therapeutic compound is an effective
therapeutic regimen for a disease or disorder is
preferably a human, but can be any animal, including a
laboratory animal in the context of a trial or
screening or activity experiment. Thus, as can be
readily appreciated by one of ordinary skill in the
art, the methods, compounds and compositions of the
present invention are particularly suited to
administration to any animal, particularly a mammal,
and including, but by no means limited to, humans,
domestic animals, such as feline or canine subjects,
farm animals, such as but not limited to bovine,
equine, caprine, ovine, and porcine subjects, wild
animals (whether in the wild or in a zoological
garden), research animals, such as mice, rats,
rabbits, goats, sheep, pigs, dogs, cats, etc., avian
species, such as chickens, turkeys, songbirds, etc.,
i.e., for veterinary medical use. The term "about" or
"approximately" means within an acceptable error range
for the particular value as determined by one of
ordinary skill in the art, which will depend in part
on how the value is measured or determined, i.e., the
limitations of the measurement system. For example,
"about" can mean within 1 or more than 1 standard
deviations, per practice in the art. Alternatively,
"about" with respect to the compositions can mean plus
or minus a range of up to 20%, preferably up to 10%,
more preferably up to 5%. Alternatively, particularly
with respect to biological systems or processes, the
term can mean within an order of magnitude, preferably
within 5-fold, and more preferably within 2-fold, of a
value. Where particular values are described in the
application and claims, unless otherwise stated the
term "about" means within an acceptable error range
for the particular value.EXAMPLES The following
example is merely illustrative of the present
invention and should not be construed as limiting the
scope of the invention in any way as many variations
and equivalents that are encompassed by the present
invention will become apparent to those skilled in the
art upon reading the present disclosure. EXAMPLE 1
This clinical study will be conducted as a
multicenter, randomized, double-blind,
placebo-controlled, parallel-group, flexible-dose
study. A total of approximately 375 inpatients
patients will be selected using criteria that includes
patients who (i) currently meet or have met in the
past the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision (DSM-IV-TR)
criteria for schizophrenia (295.30 Paranoid Type,
295.10 Disorganized Type, 295.20 Catatonic Type, or
295.90 Undifferentiated Type) based on the Structured
Clinical Interview for DSM-IV (SCID), (ii) have a
PANSS total score > 70 and < 120 at Visit 1 and at
Visit 2, (iii) have a score > 4 (moderate) on item Pl
(delusions) or P3 (hallucinatory behavior) of the
PANSS at Visit 1 and at Visit 2, and (iv) have a score
> 4 (moderate) on item P2 (conceptual disorganization)
or P6 (suspiciousness/persecution) of the PANSS at
Visit 1 and at Visit 2. This study will be 10 weeks in
duration; 6-weeks double-blind treatment and 4-weeks
safety follow-up. A no-drug washout period of up to 7
days will precede randomization. Patients will be
hospitalized during the screening phase. Patients will
remain hospitalized for a minimum of 2 1 days
following randomization and initiation of double-blind
medication. The evaluation schedule is shown in Table
1. Table 1: Evaluation SchedulePatients who meet all
eligibility criteria at Visit 1 will enter a no-drug
washout period of up to 7 days. Following the wash-out
period, patients who meet all eligibility criteria
will be assigned a randomization number at Visit 2 and
dispensed the corresponding blister pack of
double-blind study medication for Week 1 of
double-blind treatment. All patients meeting the
eligibility criteria will be randomized (1:1:1) to one
of three treatment groups: (I) placebo, (II) 1.5 - 4.5
mg trans-4-
{2-[4-(2,3-dichlorophenyl)-piperazin-1-yl]-ethyl}-N,Nd
imethylcarbamoyl- cyclohexylamine hydrochloride, or
(III) 6 - 12 mg
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,Ndimethylcarbamoyl- cyclohexylamine
hydrochloride. Patients will be supplied with
identically appearing capsules containing 1.5 mg, 3.0 



mg, or 6.0 mg of
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,Ndimethylcarbamoyl- cyclohexylamine
hydrochloride or placebo. All study drugs will be
dispensed in blister packs, one for each week. Each
card will contain 30 capsules arranged in 10 columns
and 3 rows, adequate for the 7 days of the week plus 3
extra days. The configuration of the blister pack is
provided in Table 2. All study drugs will be
administered as a single daily dose at bedtime. The
dosing can be switched to morning if there are
tolerability problems; however, any switch must allow
at least 24 hours between two consecutive doses.Table
2: Double Blind Study Dosing Regimen On day 1 and day
2, all patients will be administered one capsule from
row 1 of the blister pack. On day 3, the dose can be
increased to two capsules (rows 1 and 2), if response
is not adequate and there are no tolerability
problems. Starting on day 5, the dose can be increased
by one capsule to a maximum of three capsules (rows 1,
2, and 3) depending on response and tolerability. For
patients randomized to Group II (1.5-4.5 mg
trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylamine hydrochloride), the maximum
dose of 4.5 mg can be reached by day 5, whereas for
patients randomized to Group III (6-12 mg
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}- N N-dimethylcarbamoyl-cyclohexylamine
hydrochloride), the maximum dose of 12 mg can be
reached by Day 9. Any dose increases will be done in
increments of one capsule.Evaluations, to be conducted
using established ratings methods, include: PANSS
Total Score (see, e.g., Kay et al., Schizophr. Bull.,
13, 261-76, 1987) CGI-S: Clinical Global Impressions -
Severity (see, e.g., Guy ECDEU Assessment Manual for
Psychopharmacology. Rockville, Md: US Department of
Health, Education, and Welfare, 218-22, Publication
ADM 76-338, 1976) CGI-I: Clinical Global Impressions -
Improvement (see, e.g., Guy ECDEU Assessment Manual
for Psychopharmacology. Rockville, Md: US Department
of Health, Education, and Welfare, 218-22, Publication
ADM 76-338, 1976) CDSS: Calgary Depression Scale for
Schizophrenia (see, e.g., Addington et al., Schizophr.
Res., 19, 205-12, 1996) Blood samples will be
collected on days 14, 21, 28, 35, 42, 56, and 70. It
is anticipated that the aforementioned treatment
regime with trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylamine hydrochloride will show
significant effectiveness in the treatment of
schizophrenia, when compared to patients treated with
placebo. The present invention is not to be limited in
scope by the specific embodiments described herein.
Indeed, various modifications of the invention in
addition to those described herein will become
apparent to those skilled in the art from the
foregoing description and the accompanying figures.
Such modifications are intended to fall within the
scope of the appended claims. It is further to be
understood that all values are approximate, and are
provided for description. The entire disclosures of
all applications, patents and publications, cited
above and below, are hereby incorporated by reference
in their entirety.Claims ; 1. A method of treating
schizophrenia comprising administering to a patient in
need thereof a therapeutically effective amount of a
(thio)-carbamoyl-cyclohexane derivative of formula (I)
(I) wherein R1 and R2 are each, independently
hydrogen, alkyl, alkenyl, aryl, cycloalkyl, aroyl, or
R1 and R2 form a heterocyclic ring with the adjacent
nitrogen atom; X is O or S; n is 1 or 2; and/or
geometric isomers and/or stereoisomers and/or
diastereomers and/or salts and/or hydrates and/or
solvates and/or polymorphs thereof. 2. The method
according to claim 1, wherein the compound of formula
(I) is trans-4- {2- [4-(2,3-dichlorophenyl)-piperazin-
1-yl] -ethyl}-N,N-dimethylcarbamoylcyclohexylamine
and/or salts and/or hydrates and/or solvates and/or
polymorphs thereof. 3. The method according to claim
1, wherein the compound of formula (I) is trans-4- {2-
[4-(2,3-dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dim
ethylcarbamoylcyclohexylamine hydrochloride and/or
hydrates and/or solvates and/or polymorphs thereof. 



4. The method according to claim 4 wherein the
therapeutically effective amount of a compound of
formula (I) is about 0.1 to 12 mg. 5. The method
according to claim 4 wherein the therapeutically
effective amount of a compound of formula (I) is about
0.5 mg.6. The method according to claim 4 wherein the
therapeutically effective amount of a compound of
formula (I) is about 1.0 mg. 7. The method according
to claim 4 wherein the therapeutically effective
amount of a compound of formula (I) is about 1.5 mg.
8. The method according to claim 4 wherein the
therapeutically effective amount of a compound of
formula (I) is about 3 mg. 9. The method according to
claim 4 wherein the therapeutically effective amount
of a compound of formula (I) is about 4.5 mg. 10. The
method according to claim 4 wherein the
therapeutically effective amount of a compound of
formula (I) is about 6 mg. 11. The method according to
claim 4 wherein the therapeutically effective amount
of a compound of formula (I) is about 9 mg. 12. The
method according to claim 4 wherein the
therapeutically effective amount of a compound of
formula (I) is about 12 mg. 13. The method according
to any one of claims 4-12, wherein a compound of
formula (I) is administered in one, two, three or four
divided daily doses. 14. The method according to any
one of claims 4-13, wherein a compound of formula (I)
provides therapeutic effects in the treatment of
cognitive symptoms of schizophrenia. 15. The method
according to any one of claims 4-13, wherein a
compound of formula (I) provides therapeutic effects
in the treatment of negative symptoms of
schizophrenia. 16. The method according to any one of
claims 4-13, wherein a compound of formula (I)
provides therapeutic effects in the treatment of
positive symptoms of schizophrenia. 17. The method
according to any one of claims 4-13, wherein a
compound of formula (I) provides therapeutic effects
in the treatment of affective and residual symptoms of
schizophrenia.18. The method according to any one of
claims 4-13, wherein a compound of formula (I)
provides therapeutic effects in the treatment of
secondary social and occupational dysfunctions of
schizophrenia. 19. The method according to any one of
claims 4-13, wherein a compound of formula (I)
provides therapeutic effects in the treatment of
schizophreniform disorder and schizoaffective
disorders. 20. The method according to any one of
claims 4-19, wherein a compound of formula (I) is
administered as an adjunctive treatment to one or more
additional therapeutic agents. 21. The method
according to any one of claims 4-19, wherein a
compound of formula (I) is co-administered as a
combination therapy with one or more one or more
additional therapeutic agents. 22. The use of
(thio)-carbamoyl-cyclohexane derivatives of formula
(I) (I) wherein R1 and R2 are each, independently
hydrogen, alkyl, alkenyl, aryl, cycloalkyl, aroyl, or
Ri and R2 form a heterocyclic ring with the adjacent
nitrogen atom; X is O or S; n is 1 or 2; and/or
geometric isomers and/or stereoisomers and/or
diastereomers and/or salts and/or hydrates and/or
solvates and/or polymorphs thereof in a
therapeutically effective amount in the manufacture of
a medicament for the treatment of schizophrenia. 23.
The use according to claim 22 characterized by that
the compound of formula (I) is
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,N-dimethylcarbamoylcyclohexylamine and/or salts
and/or hydrates and/or solvates and/or polymorphs
thereof. 24. The use according to claim 22
characterized by that the compound of formula (I) is
trans-4- {2-[4-(2,3 -dichlorophenyl)-piperazin- 1-yl]
-ethyl} -N,N-dimethylcarbamoylcyclohexylamine
hydrochloride and/or hydrates and/or solvates and/or
polymorphs thereof. 



25. The use according to any one of the claims 22-24
characterized by that the therapeutically effective
amount of a compound of formula (I) is about 0.1 to 12
mg. 26. The use according to claim 25 characterized by
that the therapeutically effective amount of a
compound of formula (I) is about 0.5 mg. 27. The use
according to claim 25 characterized by that the
therapeutically effective amount of a compound of
formula (I) is about 1.0 mg. 28. The use according to
claim 25 characterized by that the therapeutically
effective amount of a compound of formula (I) is about
1.5 mg. 29. The use according to claim 25
characterized by that the therapeutically effective
amount of a compound of formula (I) is about 3.0 mg.
30. The use according to claim 25 characterized by
that the therapeutically effective amount of a
compound of formula (I) is about 4.5 mg. 31. The use
according to claim 25 characterized by that the
therapeutically effective amount of a compound of
formula (I) is about 6 mg. 32. The use according to
claim 25 characterized by that the therapeutically
effective amount of a compound of formula (I) is about
9 mg. 33. The use according to claim 25 characterized
by that the therapeutically effective amount of a
compound of formula (I) is about 12 mg.34. The use
according to any one of claims 25-33 characterized by
that the therapeutically effective amount of a
compound of formula (I) is divided into one, two,
three or four daily doses. 35. The use according to
any one of claims 25-34 characterized by that it is
for the treatment of cognitive symptoms of
schizophrenia. 36. The use according to any one of
claims 25-34 characterized by that it is for the
treatment of negative symptoms of schizophrenia. 37.
The use according to any one of claims 25-34
characterized by that it is for the treatment of
positive symptoms of schizophrenia. 38. The use
according to any one of claims 25-34 characterized by
that it is for the treatment of cognitive symptoms of
schizophrenia. 39. The use according to any one of
claims 25-34 characterized by that it is for the
treatment of affective and residual symptoms of
schizophrenia. 40. The use according to any one of
claims 25-34 characterized by that it is for the
treatment of secondary social and occupational
dysfunctions of schizophrenia. 4 1. The use according
to any one of claims 25-34 characterized by that it is
for the treatment of schizophreniform disorder and
schizoaffective disorders. 


