
8-ETHINYLXANTHINE DERIVATIVES AS SELECTIVE A2A
RECEPTOR ANTAGONISTS Introduction Adenosine receptors
represent a subclass of the group of purine nucleotide
and nucleoside G protein-coupled receptors known as
purinoceptors; the main pharmacologically distinct
adenosine receptor subtypes are known as A1, A2A, A2B,
and A3. The dominant adenosine receptor subtypes in
the brain are A1 and A A While the A1 adenosine
receptor subtype is found throughout the brain in high
density, the distribution of the A2A receptor is more
restricted; it is found in high density in the
striatum (caudate-putamen, nucleus accumbens,
olfactory tubercule), where it is co-localized with
the dopamine D2 receptor on striatopallidal output
neurons. The discrete localization of the A2A receptor
within the striatum and its ability to functionally
antagonize the actions of the D2 receptor has led to
the suggestion of the potential utility of A2A
receptor antagonists for the symptomatic treatment of
Parkinson's disease (PD). The first compounds that
were identified as adenosine receptor antagonists were
the naturally occurring xanthines, caffeine
(1,3,7-trimethylxanthine) and theophylline
(1,3-dimethylxanthine, Daly et al., Cell. MoI.
Neurobiol., 1983, 3, 67). These xanthines have long
been known to reverse motor deficits in a variety of
PD models. However, they are non-selective and of
moderate potency. A variety of synthetic substitutions
on the xanthine moiety led to the discovery that the
introduction of the styryl group in the 8 position of
xanthines was critical in achieving compounds endowed
with selective A2A receptor antagonistic properties
(Ongini et al., Trends Pharmacol. ScL, 1996, 17, 364;
Shimada et al., J. Med. Chem., 1992, 36, 2343; Muller
et al., Curr. Pharm. Des., 1996, 2, 501; Baraldi et
al., Curr. Med. Chem., 1995, 2, 707). The results of
this effort was the discovery of the structurally
related compounds KF17837,
(EJ1,3-dipropyl-8-(3,4-dimethoxystyryl)-7-
methylxanthine, and its analog KW6002
(istradefylline), E 1,3-diethyl-8-(3,4-
dimethoxystyryl)-7-methylxanthine, whose
pharmacological characteristics have been studied
extensively. Despite having similar in vitro profiles,
these two structurally similar xanthines appeared to
have dramatically different in vivo potencies, as
measured by the attenuation of haloperidoMnduces
catalepsy in mice, with KW6002 being clearly more
potent. This divergence in in vivo activity may be
idue to differences in pharmacokinetics,
pharmacodynamics, metabolism, and/or bioavailability
(Kiec-Kononowicz et al., Pure and Appl. Chem., 2001,
73, 1411). KW6002 was chosen by Kyowa-Hakko as a drug
development candidate and has shown potency in a
recently completed Phase Il clinical trial (now in
Phase III trials) as a novel treatment for PD (Hauser
et al., Neurology, 2003, 6 1, 297; Weiss et al.,
Neurology, 2003, 61, 101). Further work on
8-substituted xanthines involved replacement of the
styryl phenyl group with a heterocycle or replacement
of the styryl double bond with its aza analogue (Del
Giudice et al., Eur. J. Med. Chem., 1996, 31, 59).
These compounds are also selective A2A receptor
blockers. Another approach used
3,7-dimethyl-1-propargylxanthine (DMPX) as a starting
point for the development OfA2A selective xanthines.
In particular, 8-(m-bromostyryl)- DPMX was found to be
very potent and highly selective for A2A adenosine
receptors (Muller et al., J. Med. Chem., 1997, 40,
4396). However, a drawback of the described A2A
selective xanthine derivates is their high
lipophilicity and low water solubility, which limits
their use in in vivo studies. To increase water
solubility, polar groups were introduced into the
phenyl ring, as in psulfostyryl- DPMX (Muller et al.,
Bioorg. Med. Chem., 1998, 6, 707). These modifications
generally led to a drop in A2A receptor affinity of
the compounds. An alternative approach was to prepare
water-soluble prodrugs, which contained polar groups
that would be split off after in vivo application
(Muller et al., Drug Dev. Res., 1998, 45, 190; Sauer
et al., J. Med. Chem., 2000, 43, 440). MSX-3 was
developed as a phosphoric acid ester prodrug of MSX-2
(3-(3-hydroxypropyl)-8-(mmethoxystyryl)-
1-propargylxanthine), which is a potent and selective
A2A receptor antagonist soluble in water (Sauer et
al., J. Med. Chem., 2000, 43, 440). However, the
presence of the double bonds on the 8-position makes
all these compounds photosensitive (Muller et al.,
Curr. Pharm. Des., 1996, 2, 501; Ongini et al., Trends
Pharmacol. ScL, 1996, 17, 364). For example, short
exposure of dilute solutions to daylight produces an
equilibrium mixture of the EJZ isomers, where only the
E form (while possibly being present as the minor
component in the stable mixture) possesses high A2A
receptor affinity.In addition, the compounds are not
only unstable in solution, but also in the solid
state, where they undergo light-induced dimerization
forming cyclobutane derivatives that show largely
reduced receptor affinity and selectivity (Hockemeyer
et al., 2004, 69, 3308). In order to avoid the
complicating factor of isomerization, which is hard to
prevent under normal laboratory conditions,
configurationally stable analogs of 8- styrylxanthines
were synthesized. Thereby, 8-(phenylethynyl)-1
,3-dimethylpropargylxanthine (DPMX) was found as
configurationally stable A2A selective antagonist
exhibiting a K1value at the A2A adenosine receptor of
300 nM and a more than 10-fold selectivity versus the
Ai adenosine receptor (Muller et al., Eur. J . Med.
Chem., 1997, 32, 709). However, in addition to the
moderate affinity at the rat A2A receptor, 8-
(phenylethypyl)-1,3-dimethylpropargylxanthine
(8-phenylethynyl-DMPX) also turned out to be only
moderately affine towards the human receptor, having
an IC50 value of > 300 nM and an Imax of only about
37% (unpublished results). Moreover, 8-
(phenylethynyl)-DPMX seems not to be active in the
Irwin Tests and in catalepsy in vivo models (such as
e.g. reserpine, CGS-21680). Accordingly,
configurationally stable compounds with a higher
affinity towards the rat A2A receptor and/or at the
human A2A receptor than 8-(phenylethynyl)-DPMX would
be highly desirable. Particularly preferably, those
compounds may be active in an in vivo model of
Parkinson's disease such as e.g. the reserpine-induced
catalepsy model. There is a rather vague indication in
Muller et al.,1997, supra, that the introduction of
substituents in the phenyl ring "could perhaps yield
more potent and selective A2A- AR
antagonists".Detailed Description Surprisingly,
derivatives of 8-(phenylethynyl)-DPMX carrying
substitutions in the ortho position of the phenyl ring
relative to the attachment position to the triple bond
are more or less inactive (see table 2a). Also,
derivatives with two meta substitutions did not show
an improvement. However, rather unexpectedly,
derivatives with a 



more potent binding at the rat(r)A 2A- and/or the
human (1"I)A2A receptor can be obtained if the phenyl
is substituted with certain residues in meta position.
Additionally, some substituents in para position
(relative to the triple bond) are also tolerated by
the A2A acceptor (see tables 2a and 2b). It has also
been found, surprisingly, that while
8-(phenylethynyl)-DPMX was inactive in an acute in
vivo reserpine induced catalepsy model as well as in a
CGS model under the applied conditions (see biological
part), two derivatives carrying two methoxy groups in
ortho and para position of the phenyl, and an ethyl or
hydroxypropyl substitution at the N3 position,
respectively, showed significant effects both in the
acute reserpin as well as in the CGS induced catalepsy
model, ("test compound
1"=(3-Ethyl-8-(3,4-dimethoxyphenylethynyl)-7-methyl-1-
prop-2-ynyl-3,7- dihydropurine-2,6 dione); "test
compound 2" = (3-(3-Hydroxypropyl)-8-(3,4-
dimethoxyphenylethynyl)-7-methyl-1-prop-2-ynyl-3,7-dih
ydropurine-2,6-dione). Moreover, test compound 1 also
showed significant effects in a haloperidol induced
model of Parkinson's Disease. According to the present
invention A A receptor antagonists are thus 8-
alkynylxanthines and derivatives, which are
represented by the general formula (Ia), and
pharmaceutically acceptable salts, isomers,
diastereomers or enantiomers thereofwherein, R2 is
hydrogen, methyl, NR6R7, or R2 is (C2-C4)-alkyl,
(C2-C4)-alkenyl, or (C2-C4)-alkinyl, or R2 is methyl
which is substituted with a residue selected from
cyano, carboxy, (C3- C5)-cycloalkyl,
(CrC^alkoxycarbonyl, (Ci-C 2)alkylcarbonyl, mono(Ci-
C2)alkylamino, di(Ci-C 2)alkylamino, heterocyclyl,
preferably oxygen containing heterocyclyl, with 3 to 5
ring atoms and heteroaryl with 5 to 6 ring atoms, or
R2 is ethyl, which is substituted in one or more
places, in the same way or differently with fluoro,
chloro, bromo, cyano, -carboxy, methylcarbonyl,
methoxycarbonyl, mono(C 1-C2)alkylamino, di(CrC
2)alkylamino, -OR8, oxygencontaining heterocyclyl with
3 to 5 ring atoms, hydroxyl or a phosphate ester or an
amino acid ester of said hydroxyl group, or R2 is
propyl or butyl, which is substituted in one or more
places, in the same way or differently with fluoro,
chloro, bromo, cyano, -carboxy, -OR8, hydroxyl or a
phosphate ester or an amino acid ester of said
hydroxyl group, R3 is methyl, propargyl, butynyl, or
cyanomethyl; R4 is a heteroaryl with five ring atoms,
preferably selected from imidazolyl, furan- 3yl, or
thien-3yl, and optionally substituted with one or more
substituents selected from halogen, methyl and methoxy
or R4 is a phenyl which is substituted in meta and/or
in para position to its attachment position to the
triple bond with one or two groups selected from
halogen, amino, -OR5, and methyl, or R4 is a phenyl
that is annelated in meta and para position to a
second heterocyclic five or six-membered ring which
contains one or more oxygen atoms thus forming a
bicyclic ring system, which can be substituted with
one or two residues selected from methoxy, methyl or
hydroxyl; R5 is a hydrogen, (C1-C4)-alkyl,
(C2-C4)-alkenyl, (C2-C4)-alkinyl, or R5 is (CrC^-alkyl
substituted in one or more places, in the same way or
differently, with halogen, furan-3-yl, methoxy,
ethoxy, carboxy, hydroxyl or a phosphate or amino acid
ester thereof, or -NR6R7, R6 and R7are independently
hydrogen or (Ci-C 3)-alkyl, or form together with the
nitrogen atom to which they are attached a five or six
membered ring whichmay contain one or two additional
ring forming heteroatoms selected from N and O, and
which five or six membered ring may be unsubstituted
or substituted with one or more residues selected from
C1-C3 alkyl, hydroxyl(C1- C3)alkyl, amino(C1-C3)alkyl,
C1-C3 alkoxyl(C1-C3)alkyl, halo(C1-C3)alkyl, mono^rC
JalkylaminoCCI-CSJalkyl, and dKCVC JalkylaminolCI-CS
alkyl); R8 is (CrC 3)-alkyl or (Ci-C 3)-alkoxy-(Cr
C3)-alkyl. Another aspect of the present invention are
novel 8-ethinylxanthines which in N3 position carry a
group R2 comprising at least 2 carbon atoms. Compared
to 8- (phenylethynyl)-DPMX and derivatives with a
methyl group in N3 position, these compounds with a
moderately extended chain lenghths often show an
improved human A2A binding (see tables 2b and 3).
Moreover, the two representatives from this group of
compounds which have been tested in in vivo models of
Parkinson's Disease (test compounds 1 and 2, see
further above and Figures 4-7) showed significant
activity, whereas 8-(phenylethynyl)-DPMX did not.
Accordingly, one embodiment of the present invention
relates to a compound of formula Ia and
pharmaceutically acceptable salts, isomers,
diastereomers or enantiomers thereof, wherein R2 is
(C2-C4)-alkyl, (C2-C4)-alkenyl, (C2-C4)-alkinyl, or R2
is methyl, which is substituted with a residue
selected from cyano, carboxy, methylcarbonyl,
(C3-C5)-cycloalkyl, methoxycarbonyl, monomethylamino,
dimethylamino, furanyl, thienyl, imidazolyl, oxazolyl,
isoxazolyl, or a heterocyclyl with 3 to 5 ring atoms,
or R2 is ethyl, which is substituted in one or more
places with fluoro, chloro, bromo, cyano,
methylcarbonyl, monomethylamino, dimethylamino, an
oxygencontaining heterocyclyl with 3 to 5, preferably
with 3 ring atoms, -OR8, hydroxyl or a phosphate ester
of said hydroxyl group, R2 is propyl, which is
substituted in one or more places with fluoro, chloro,
bromo, or cyano, methoxy, or hydroxyl or a phosphate
ester of said hydroxyl group, R2 is butyl, which is
substituted in one or more places with fluoro, chloro,
hydroxyl or a phosphate ester of said hydroxyl group
R4 is imidazol-2-yl, furan-3-yl, or thien-3-yl
optionally substituted with one or more substituents
selected from halogen, methyl, or methoxy,or R4 is a
phenyl which is at least substituted in meta position
and is optionally substituted in para position to its
attachment position to the triple bond with a residue
selected from the group consisting of halogen, amino,
-OR5, and methyl, or R4 is a phenyl that is annelated
in meta and para position to a second heterocyclic 5
or 6-membered ring which contains one or more oxygen
atoms, which can be substituted with a methyl, methoxy
or hydroxyl group; R5 is hydrogen, (CrC 3)-alkyl, or
(C2-C3)-alkenyl 



or R5 is (CrCO-alkyl substituted in one or more
places, in the same way or differently, with methoxy,
carboxy, furan-3-yl, OH, a phosphate ester thereof ,
or -NR6R7, R6 and R7 are independently hydrogen or
(Ci-C 3)-alkyl, or form together with the nitrogen
atom to which they are attached a five or six membered
ring which may contain one additional nitrogen atom,
and which five or six membered ring may be
unsubstituted or which may be substituted at said
additional nitrogen atom with a residue selected from
C1-C2 alkyl, hydroxyl(C1-C3)alkyl, amino(C1-C3)alkyl,
C1-C2 alkoxyl(C1-C2)alkyl, halo(C1-C2)alkyl, mono(C1-
C2)alkylamino(C1-C2)alkyl, and
di(C1-C2)alkylamino(C1-C2alkyl); and R8 is
(CrCaJ-alkyl or methoxy(Cr C2)-alkyl. Another aspect
is a compound according to formula Ia and
pharmaceutically acceptable salts, isomers,
diastereomers or enantiomers thereof, wherein R2 is an
ethyl, n-propyl, allyl, 2-fluoroethyl,
thiep-2-ylmethyl, cyclopropylmethyl,
methylcarbonylethyl, methoxycarbonylmethyl,
cyanomethyl, 2-cyanoethyl, 3- cyanopropyl,
dimethylaminoethyl, (OH) 2 OP(O)-propyl, hydroxyethyl,
2- hydroxypropyl, 3-hydroxypropyl, furan-2-ylmethyl,
furan-3-ylmethyl, imidazol- 4ylmethyl,
isoxazol-5-ylmethyl, methoxyethyl, oxiran-2-ylmethyl,
oxiran-2- ylethyl, or a 2,3-dihydroxypropyl group; and
R4 is a phenyl which is substituted in meta position
to its attachment position to the triple bond with a
group selected from methoxy,
dimethylaminopropyloxy,dimethylaminoethyloxy,
furan-3yl-methyloxy, methyl, methoxyethyloxy, or
ethoxy, and is optionally substituted in para position
with methoxy, or . R4 is a phenyl that is annelated in
meta and para position to its attachment position to
form a methylenedioxyphenyl. Another aspect is a
compound according to formula Ia and pharmaceutically
acceptable salts, isomers, diastereomers or
enantiomers thereof, wherein R2 is hydrogen or methyl;
R4 is imidazol-2-yl or thien-3-yl optionally
substituted with one or more substituents selected
from halogen, methyl, or methoxy, or R4 is a phenyl
which is substituted in meta position to its
attachment position to the triple bond with a residue
selected from the group consisting of amino, - OR5 and
methyl and which in para position is unsubstituted or
substituted with a halogen, amino, OR5, or methyl, and
preferably with methoxy methyl, fluoro, chloro or
bromo; or R4 is a phenyl that is annelated in 3- and
4-position to a second heterocyclic 5 or 6-membered
ring which contains one or more oxygen atoms thus
forming a bicyclic ring system, which can be
substituted with a methyl, methoxy or hydroxyl group;
R5 is hydrogen or methyl, or R5 is (Cr C4)-alkyl
substituted in one or more places, in the same way or
differently, with methoxy, carboxy, hydroxyl or a
phosphate ester thereof, or with -NR6R7, and R6 and R7
are independently hydrogen, or (Ci-C 3)-alkyl, or R6
and R7 form together with the nitrogen atom to which
they are attached a five or six membered ring which
may contain one or two additional ring forming
heteroatoms selected from N and O, and which five or
six membered ring may be unsubstituted or substituted
with one or more residues selected from C1-C3 alkyl,
hydroxyl(C1-C3)alkyl, amino(C1-C3)alkyl, C1-C3
alkoxyl(C1-C3)alkyl, halo(C1-C3)alkyl, mono^-C
jalkylaminotd-CSJalkyl, and di(d- C2)alkylamino(C1-C3
alkyl).According to one embodiment of the present
invention, if R4 is a phenyl that is substituted in
meta position to its attachment positon to the triple
bond with a chloro, then the substituent in para
position is not chloro, and in one embodiment is not
halogen. Another embodiment is a compound of formula
Ia and pharmaceutically acceptable salts, isomers,
diastereomers or enantiomers thereof, wherein R4 is a
phenyl which is substituted in meta and/or in para
position to its attachment to the triple bond with
chloro, methyl, or a group -OR 5, R5 is methyl, ethyl,
or (d-C 4)-alkyl which is substituted with OH, a
phosphate ester thereof or -NR6R7; and R6 and R7 are
independently hydrogen, methyl or ethyl. One drawback
often associated with high affinity ligands of the
A2A-receptor, and particularly of purine and
xanthine-based A2A ligands such as d-(phenylethynyl)-
DMPX is the low solubility of the compounds. Increased
polarity and solubility often leads to a decrease in
affinity at the A2A receptor. One particular aspect of
the present invention thus relates to compounds having
improved solubility compared to 8-(phenylethynyl)-DPMX
while maintaining an improved or at least comparable
A2A affinity. One aspect is thus a compound of formula
Ia as disclosed and defined herein, wherein at least
one of the group R2 or the meta substituent of the
phenyl ring (R4) comprises a primary, secondary or
tertiary amine, such as e.g. methylaminoethyl, or
NR6R7 as further defined herein, or OH as well as
phosphate or amino acid esters of a hydroxyl group.
According to one aspect, in the compounds of formula
Ia R4 is a phenyl which is substituted in meta
position to its attachment to the triple bond with the
group CIi(C1- C2)alkyl amino (C2-C4)alkoxyAnother
aspect of the present disclosure is a compound
represented by formula Ia, wherein R4 is a thien-3-yl,
furan-3-yl or a imidazol-2-yl, each of which is
optionally substituted at one of its ringforming
C-atoms with one or more substituents selected from
halogen, methyl, methoxy and methylthio, or wherein
the imidazolyl residue is substituted in its N1
position by a methyl or ethyl group. Another
embodiment of the present invention is having the
general formula (Ilia) and salts thereof, wherein R2
is hydrogen, methyl, NR6R7, or R2 is (C2-C4)-alkyl,
(C2-C4)-alkenyl, or (C2-C4)-alkinyl, or R2 is methyl
which is substituted with a residue selected from
cyano, carboxy, (C3- C5)-cycloalkyl, (Ci-C
2)alkoxycarbonyl, (Cr C2)alkylcarbonyl, mono(d- 



C2)alkylamino, di(d-C 2)alkylamino, heterocyclyl with
3 to 5 ring atoms and heteroaryl with 5 to 6 ring
atoms, or R2 is ethyl, which is substituted in one or
more places, in the same way or differently with
fluoro, chloro, bromo, cyano, methylcarbonyl,
methoxycarbonyl, mono(d- C Jalkylamino, di(CrC
2)alkylamino, oxiranyl, cyclopropyl, dioxolanyl, -OR8,
hydroxyl or a phosphate ester or an amino acid ester
of said hydroxyl group, or R2 is propyl or butyl,
which is substituted in one or more places, in the
same way or differently with fluoro, chloro, bromo,
cyano, -carboxy, -OCH3, hydroxyl or a phosphate ester
or an amino acid ester of said hydroxyl group, R3 is
methyl, propargyl, butynyl, or cyanomethyl; Rx and Ry
are independently selected from halogen, amino, -OR5,
and methyl, and Ry may also be hydrogen, or Rx and Ry
form together with the C-Atoms to which they are
attached a second heterocyclic five or six-membered
ring which contains one or more oxygen atomsthus
forming a bicyclic ring system, which can be
substituted with one or two residues selected from
methoxy, methyl or hydroxyl; R5 is a hydrogen, (d-C
4)-alkyl, (C2-C4)-alkenyl, (C2-C4)-alkinyl, or R5 is
(Ci-Cs)-alkyl substituted in one or more places, in
the same way or differently, with halogen, furan-3-yl,
methoxy, ethoxy, carboxy, hydroxyl or a phosphate or
amino acid ester thereof, or -NR6R7, R6 and R7 are
independently hydrogen or (Ci-C 3)-alkyl, or form
together with the nitrogen atom to which they are
attached a five or six membered ring which may contain
one or two additional ring forming heteroatoms
selected from N and O, and which five or six membered
ring may be unsubstituted or substituted with one or
more residues selected from C1-C3 alkyl,
hydroxyl(C1-C3)alkyl, amino(C1-C3)alkyl, C1- C3
alkoxyl(C1-C3)alkyl, halo(C1-C3)alkyl, mono(Ci-C
2)alkylamino(C1-C3)alkyl, and di(C r
C2)alkylamino(C1-C3 alkyl); R8 is (Cr C3)-alkyl or
(Ci-C 3)-alkoxy-(C 1-C3)-alkyl. Another embodiment of
the present disclosure is a compound of formula Ilia,
wherein R2 is (C2-C4)-alkyl, (C2-C4)-alkenyl,
(C2-C4)-alkinyl, or R2 is methyl, which is substituted
with a residue selected from cyano, carboxy,
methylcarbonyl, (C3-C5)-cycloalkyl, methoxycarbonyl,
monomethylamino, dimethylamino, furanyl, thienyl,
imidazolyl, oxazolyl, isoxazolyl, or a heterocyclyl
with 3 to 5 ring atoms, or R2 is ethyl, which is
substituted in one or more places with fluoro, chloro,
bromo, cyano, methylcarbonyl, monomethylamino,
dimethylamino, -OR8, oxiran-2yl, hydroxyl or a
phosphate ester or an ester of an amino acid of said
hydroxyl group, R2 is propyl or butyl, which is
substituted in one or more places with fluoro, chloro,
bromo, or cyano, methoxy, hydroxyl or a phosphate
ester or an ester of an amino acid of said hydroxyl
group, Rx is selected from the group consisting of
halogen, amino, methyl, or -OR5; Ry is selected from
the group consisting of hydrogen, fluoro, chloro,
bromo, methyl, or methoxy; or Rx and Ry form together
with the C-Atoms to which they are attached a second
heterocyclic 5 or 6-membered ring which contains one
or more oxygen atoms thusforming a bicyclic ring
system, which can be substituted with one or two
residues selected from methoxy, methyl or hydroxyl; R5
is methyl or furanylmethyl, or R5 is (C1-C4)-alkyl
substituted in one or more places, in the same way or
differently, with carboxy, hydroxyl or a phosphate
ester thereof, or -NR6R7; R6 and R7 are independently
hydrogen, (Cr C3)-alkyl, or form together with the
nitrogen atom to which they are attached a five or six
membered ring which may contain one or two additional
ring forming heteroatoms selected from N and O, and
which five or six membered ring may be unsubstituted
or may be substituted at the second ring forming
nitrogen, if present, with one or more residues
selected from C1-C3 alkyl, hydroxyl(C1-C3)alkyl,
amino(C1-C3)alkyl, C1-C3 alkoxyl(C1- C3)alkyl,
halo(C1-C3)alkyl, mono(C 1-C2)alkylamino(C1-C3)alkyl,
and CIi(C1- C2)alkylamino(C1 -C3 alkyl; and R8 is
methyl. Another embodiment of the present invention is
a compound of formula IHa and pharmaceutically
acceptable salts, isomers, diastereomers or
enantiomers thereof, wherein R2 is (C2-C5)-alkyl,
(C2-C4)-alkenyl, (C2-C4)-alkinyl, or R2 is methyl,
which is substituted with cyano, carboxy, oxiran-2-yl,
furan-2-yl, furan-3- yl, thien-2-yl, thien-3-yl,
isoxazol-5-yl, imidazol-4-yl, cyclopropyl or
methoxycarbonyl; or R2 is ethyl, which is substituted
in one or more places, in the same way or differently
with fluoro, chloro, bromo, cyano, oxiran-2yl, mono(C
1-C2)alkyl amino, di(Ci- C )alkyl amino, hydroxyl or a
phosphate ester thereof or R2 is propyl, which is
substituted in one or more places, in the same way or
differently with fluoro, chloro, bromo, cyano,
hydroxyl or a phosphate ester thereof R2 is butyl,
which is substituted in one or more places with
hydroxyl or a phosphate ester of said hydroxyl group;
and Rx is selected from the group consisting of
fluoro, chloro, bromo, methyl, methoxy, ethoxy,
allyloxy, methoxyethoxy, hydroxyethoxy,
mono(C1-C2)alkylaminopropoxy,
mono(C1-C2)alkylaminoethyloxy,
di(C1-C2)alkylaminopropoxy, di(C1-
C2)alkylaminoethyloxy, furanylmethyloxy, or
carboxymethyloxy;Ry is selected from the group
consisting of hydrogen, methoxy, ethoxy, fluoro, and
chloro, or Rx and Ry form together with the C-Atoms to
which they are attached a second heterocyclic five
membered ring which contains one or two ring forming
heteroatoms selected among O and N thus forming
together with the phenyl ring a bicyclic ring system.
Another embodiment is a compound according to formula
Ia or HIa as described above, wherein R2 is ethyl,
propyl, butyl, allyl, butenyl, propargyl or butynyl,
or R2 is methyl, which is substituted with a residue
selected from cyano, carboxy, methylcarbonyl,
methoxylcarbonyl, cyclopropyl, furanyl, thienyl,
imidazolyl, oxazolyl, isoxazolyl, or oxiranyl, or R2
is ethyl, which is substituted in one or two places
with fluoro, chloro, bromo, cyano, methylcarbonyl,
monomethylamino, dimethylamino, methoxy, ethoxy,
hydroxyl or a phosphate ester of said hydroxyl group, 



R2 is propyl, which is substituted in one or two
places with fluoro, chloro, bromo, cyano, methoxy,
hydroxyl or a phosphate ester of said hydroxyl group,
or R2 is butyl, which is substituted in one or more
places with hydroxyl or is substituted with a
phosphate ester of a hydroxyl group Another embodiment
relates to a compound of formula IHa, wherein R2 is a
hydrophobic and Rx comprises a polar group. One
example is a compound wherein (a) R2 is C2-C4 alkyl,
C3-C4 alkenyl, C3-C4 alkinyl, or R2 is methyl, which
is substituted with cyano, oxiran-2-yl, furan-2-yl,
furan-3-yl, thien-2-yl, thien-3-yl, isoxazol-5-yl,
imidazol-4-yl, cyclopropyl, methylcarbonyl,
methoxycarbonyl, or R2 is ethyl which is substituted
with halogen, cyano, methylcarbonyl, or oxiran-2- yl,
or R2 is propyl or butyl, which is substituted with
halogen or cyano;and (b) Rx is amino or OR5, and Ry is
selected from the group consisting of hydrogen,
methoxy, and fluoro, R5 is Ci-C 5 alkyl which is
substituted with a hydroxyl group, a phosphate ester
of a hydroxyl group, or with NR6R7 R6 and R7 are
independently hydrogen, (CrC 2)-alkyl, or form
together with the nitrogen atom to which they are
attached a five membered ring which may contain one
additional ring forming nitrogen atom which nitrogen
atom may be further substituted with a residue
selected from C1-C2 alkyl, hydroxyl(C1-C3)alkyl,
amino(C1-C3)alkyl, C1-C2 alkoxyl(C1-C2)alkyl,
halo(C1-C2)alkyl, mono(C1- C2)alkylamino(C1-C2)alkyl,
and di(C1-C2)alkylamino(C1-C2alkyl). Another aspect is
a compound of formula Ilia, wherein R2 is a polar
group. For examples, compounds in which R2 is methyl,
which is substituted with (i) methylamino, or (ii)
di(C1-C2)alkylamino; or R2 is ethyl, which is
substituted with (iii) one or more -OH groups, (iv) a
phosphate ester of a OH group (v) methylamino, or (vi)
di(Ci-C 2)alkylamino; or R2 is propyl or butyl, each
of which is substituted with (i) one or more -OH
groups or (ii) a phosphate ester of a OH group.
Another aspect of the present disclosure are compounds
of formula Ilia, R2 is ethyl, propyl, butyl; allyl,
butenyl, propargyl, methylcarbonylmethyl,
methylcarbonylethyl, methoxycarbonylmethyl, carboxy,
cyanomethyl, 2- cyanoethyl, 3-cyanopropyl, 2,3-
dihydroxypropyl and the phosphate estersthereof,
furan-2-ylmethyl, furan-3-ylmethyl, thien-2-ylmethyl,
thien-3-ylmethyl, isoxazol-5-ylmethyl,
imidazol-4-ylmethyl, oxiran-2-yl-methyl,
2-methoxyethyl, 2-hydroxyethyl and the phosphate ester
thereof, oxira p-2-yl-ethyl, 3- hydroxypropyl and the
phosphate ester thereof, 2-hydroxypropyl and the
phosphate ester thereof, 3-hydroxy-2-methylpropyl and
the phosphate ester thereof, 2,2,2-trifluoroethyl,
3,3,3-trifluoropropyl, cyclopropylmethyl, 2-
ethoxyethyl, 2-methoxyethyl, 2-fluorcethyl,
2-bromoethyl, 3-fluoropropyl, 4- fluorobutyl,
3-methoxypropyl, methylaminoethyl, or
N,N-dimethylaminoethyl, A preferred embodiment of the
present invention are compounds of formula Ilia, as
described herein, wherein R2 is methyl. Another aspect
are compounds wherein R2 is ethyl, n-propyl or
fluoro(C2-C4)alkyl In a one embodiment, if Rx is
chloro then Ry is not halogen. One aspect is a
compound of formula IHa as disclosed and defined
herein, wherein at least one of the groups R2 and Rx
comprises a tertiary amine of the type NR6R7 as
further defined herein, or a group OMe, or OH as well
as phosphate or amino acid esters of a hydroxyl group.
In another preferred embodiment of the present
disclosure, in the compounds of formula Ilia, R2 is
dimethylaminoethyl, carboxy(C1-C3)alkyl, or
hydroxy(C2-C4)alkyl or a phosphate ester thereof,
and/or wherein Rx is methoxy or a group N,N-di(CV
C2)alkyl amino (C2-C4)alkoxy In another preferred
embodiment of the present disclosure, in the compounds
of formula IHa, Rx and Ry are both methoxy. In another
specific embodiment, in the compounds of formula Ia or
HIa R2 is NR6R7, wherein R6 and R7 maybe the same or
different and are preferably selected from hydrogen,
methyl, ethyl and propyl. Particular examples are
compound wherein R2 is amino or N,N-dimethylamino.
Amino-containing R2 groups generally tend to confer
favourable solubility properties on the
compounds.Another aspect of the present invention
relates to compounds which in addition to A2A binding
properties also are MAO-B inhibitors. Such compounds
hence show effects on two known targets of
Antiparkinsonian drugs, and are particularly
interesting candidates. In one embodiment, these
compounds have the general formula IVa wherein Hal is
cloro or bromo, and wherein R1, R2, R3, and Ry are as
defined as in the compounds of formula Ilia above. Two
specific examples are 8-(3-
chlorophenylethynyl)-3,7-dimethyl-1
-prop-2-ynyl-3,7-dihydropurine-2,6-dione and 8-
(3-bromophenylethynyl)-3,7-dimethyl-1-prop-2-ynyl-3,7-
dihydropurine-2,6-dione which both showed Mao-B-
inhibition values in the submikromolar range. In one
embodiment of formula (IVa), Ry is not halogen. In a
more specific embodiment of formula (IVa), Ry is
hydrogen. Another embodiment is a compound according
to formula (Va) wherein R2, R3 and R4 are as described
in formula (Ia) above, and wherein z is selected from
hydrogen, halogen, methyl, or methoxy.Specific
compounds according to the invention are for example
but not only the compounds listed in table 1.
Preferred compounds are those exhibiting a K, of less
than 150 nM, less than 100 nM, less than 50 nM, or
less than 20 nM with respect to the rA and/or the iA
2A receptor as shown in tables 2a and 2b herein.
Particularly preferred are those compounds having
selectivity over the respective A 1 receptor of at
least a factor 10, more preferably of a factor 30, and
particularly preferably ov a factor of at least 100.
Suitable salts of the compounds of the present
invention, e.g. those of formula (Ia), (Ilia) and
(IVa) usually have a pharmaceutically acceptable anion
or cation. Suitable 



pharmaceutically acceptable acid addition salts of the
compounds of the present invention, e.g. those of
formula (Ia), (Ilia) and (IVa) are salts of inorganic
acids such as hydrochloric acid, hydrobromic,
phosphoric, metaphosphoric, nitric and sulfuric acid,
and of organic acids such as, for example, acetic
acid, benzenesulfonic, benzoic, citric,
ethanesulfonic, fumaric, gluconic, glycolic,
isethionic, lactic, lactobionic, maleic, malic,
methanesulfonic, succinic, p-toluenesulfonic and
tartaric acid. Suitable pharmaceutically acceptable
basic salts are ammonium salts, alkali metal salts
(such as sodium and potassium salts), alkaline earth
metal salts (such as magnesium and calcium salts) and
salts of trometamol (2-amino-2-hydroxymethyl-
1,3-propanediol), diethanolamine, lysine or
ethylenediamine. Salts with a pharmaceutically
unacceptable anion, such as, for example,
trifluoroacetate, likewise belong within the framework
of the invention as useful intermediates for the
preparation or purification of pharmaceutically
acceptable salts and/or for use in non-therapeutic,
for example in vitro, applications. When the compounds
of the present invention, e.g. those of formula (Ia),
(Ilia) and (IVa) are substituted with alkenyl groups,
they exist in various embodiments in the form of their
E-isomers, their Z-isomers, or in mixtures of E- and
Z-isomers in equal amounts or wherein one of the
isomers, is enriched. Further, the compounds of the
present invention, e.g. those of formula (Ia), (Ilia)
and (IVa) may be in the form of their racemates,
enantiomer-enriched mixtures, pure enantiomers,
diastereomers and mixtures thereof in the case that
the compound ofthe present invention, e.g. those of
formula (Ia), (Ilia) and (IVa) comprises one or more
centers of asymmetry. The term "alkyl" (alone or in
combination with another term(s)) means a straight or
branched chain saturated hydrocarbyl substituent
preferably containing from 1 to about 10 carbon atoms
(Ci-Cio-alkyl), more preferably from 1 to 8 carbon
atoms (C1- C8-alkyl), even more preferably from 1 to 6
carbon atoms (Ci-C 6-alkyl), even more preferably from
1 to 5 carbon atoms (CrC 5-alkyl), even more
preferably from 1 to 4 carbon atoms (C1-C^aIkVl) 1or 2
to 5 carbon atoms (C2-C5-alkyl), even more preferably
from 2 to 4 carbon atoms (C2-C4-alkyl), from 2 to 3
carbon atoms (C2-C3- alkyl), or from 1 to 3 carbon
atoms (d-Cs-alkyl). The alkyl groups include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tertiary
butyl, amyl, hexyl, and the like. Further, alkyl
groups are unsubstituted if not indicated otherwise,
see for example haloalkyl or hydroxyalkyl. The terms
"alkenyl" and "alkynyl" include straight and branched
chain radicals of up to 10 carbon atoms, preferably 2
to 8 carbon atoms, more preferably 2 to 6 carbon
atoms, most preferably 2 to 5 carbon atoms, and even
more preferably from 2 to 4, or even 2 to 3 carbon
atoms wherein the hydrocarbon chain comprises at least
one carbon to carbon double bond (in the case of
"alkenyl") or at least one carbon to carbon triple
bond (in the case of "alkynyl"). Examples of "alkenyl"
substituents include ethenyl ("vinyl"), 2-propenyl,
3-propenyl ("allyl"), 1,4-pentadienyl, 1,4-butadienyl,
1-butenyl, 2-butenyl, 3-butenyl, pentenyl, hexenyl,
and octenyl. Examples of "alkynyl" substituents
include ethynyl, 2-propynyl, 3-propynyl ("propargyl"),
1-butynyl, 2-butynyl, 3-butynyl, pentynyl, hexynyl,
and octynyl. The term "alkoxy" (alone or in
combination with another term(s)) refers to -O-alkyl
and means a straight or branched chain alkoxy
substituent preferably containing from 1 to 10 carbon
atoms (d-Curalkoxy), more preferably from 1 to 6
carbon atoms (Ci-C 6-alkoxy), even more preferably
from 1 to 5 carbon atoms (d-C 5-alkoxy), from 1 to 4
carbon atoms (Ci-C 4-alkoxy), or from 1 to about 3
carbon atoms (C1-C3- alkoxy), the alkoxy groups
include methoxy, ethoxy, propoxy, butoxy, isobutoxy,
tertbutoxy, pentoxy, hexoxy and the like.The term
"alkoxyalkoxy" refers to an "alkoxy" group as defined
above, which is substituted with at least one another
"alkoxy" group. In a preferred embodiment,
"alkoxyalkoxy" is an "alkoxy" group which is
substituted by one other "alkoxy" group. The term
"alkoxyalkyl" refers to an alkyl group as defined
above, which is substituted with at least one alkoxy
group as further defined above. In a preferred
embodiment, "alkoxyalkyl" is an "alkyl" group which is
substituted by one other "alkoxy" group. The term
"monoalkylamino" refers to the group -NHR wherein R is
an "alkyl" as defined further above. The term
"dialkylamino" refers to the group -N-RR' wherein R
and R' are "alkyl" groups as defined further above and
which may be the same or different. For example the
term di(C1-C2)alkylamino refers to the group -N-RR'
wherein R and R' are independently selected from
methyl and ethyl. The term "monoalkylaminoalkyl"
refers to the group -R-NHR' wherein R and R' are
"alkyl" groups as defined further above which may be
the same or different. The term "dialkylaminoalkyl"
refers to the group -R"-NRR' wherein R, R" and R" are
alkyl (or alkylen) groups as defined further above,
which may be the same or different. For example the
term di(C1-C2)alkylamino(C1-C3)alkyl refers to the
group NRR' which is bound to the group R", wherein R
and R' are independently selected from methyl and
ethyl, and wherein R" is methyl(en), ethyl(en) or
propyl(en). Nonlimiting examples of such a group are
N.N-dimethylaminopropyl, N1Ndimethylaminoethyl or
N,N-methylethylaminopropyl. The term "alkylcarbonyl"
refers to the group -C(=O)-alkyl wherein "alkyl" is as
defined further above. The term "alkyoxycarbonyl"
refers to the group -C(=O)-O-alkyl wherein "alkyl" is
as defined further above The term "amino" denotes a
nitrogen moiety having two hydrogen substituents
attached to the nitrogen atom.The term "aminoalkyl"
includes an "alkyl" residue as defined further above
which is substituted one or more times with an amino
group. Examples include but are not limited to
2-aminoethyl, 3-aminopropyl, or
3-amino-2methyl-propyl. The term amino(Ci-C 3)alkyl
refers to an alkyl with 1 to 3 carbon atoms at least
one of which is substituted with an amino group.
Preferably, an "aminoalkyl" is a mono-aminoalkyl, i.e.
the alkyl is substituted with only one amino group.
The term "cycloalkyl" when used alone or in
combination with another term(s) means a cyclic group
where all the ring atoms are saturated carbon. In
various embodiments, a cycloalkyl group contains from
3 to 18 ring carbon atoms (C3-C18- cycloalkyl), from 3
up to 10 ring carbon atoms (C3-Ci 0-cycloalkyl), more
preferably from 3 up to 6 ring atoms
(C3-C6-cycloalkyl) and even more preferably from 3 up
to 5 ring atoms (C3-C5-cycloalkyl). The cycloalkyl
groups may be monocyclic, bicyclic, tricyclic, or
polycyclic, and is preferably monocyclic. Examples of
single-ring cycloalkyls include cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl. A cycloalkyl
alternatively may be a fused, bridged or spiro-cyclic
ring system of 2 or 3 rings such 



as, for example, norbornyl, decalinyl,
bicycloheptanyl, adamantyl, and norpinanyl, and the
rings may be fused. The term "halogen" includes
fluoro, chloro, bromo, and iodo. The term "haloalkyl"
includes an "alkyl" residue as defined further above
which is substituted one or more times with the same
or different halogen atoms. Examples include but are
not limited to -CF3, -CF2CI, -CH2CH2F etc. The term
halo(C r C3)alkyl refers to an alkyl with 1 to 3
carbon atoms at least one of which is substituted with
a halogen. The term "hydoxylalkyl" includes an "alkyl"
residue as defined further above which is substituted
one or more times with a hydroxyl group. Examples
include but are not limited to 2-hydroxyethyl,
3-hydroxypropyl, 2,3-dihydroxypropyl, or 3-hydroxy-
2methyl-propyl. The term hydroxyl(d-C 3)alkyl refers
to an alkyl with 1 to 3 carbon atoms at least one of
which is substituted with a
hydroxygroup."Heterocyclyl" is a heterocyclic group
characterized by a cyclic structure in which at least
one of the ring atoms is a heteroatom (i.e., other
than carbon). Typical heterocyclyls have one, two,
three or four heteroatoms. Most commonly and
preferably at least one heteroatom is independently
selected from sulfur, nitrogen and oxygen. Less common
heteroatoms include, P, As, Sb, Sn, Ge, and Si. The
heterocyclic groups include saturated and partially
saturated heterocyclic groups, and they may be
monocyclic, bicyclic, tricyclic or polycyclic and may
be fused rings and are preferably monocyclic. The
heterocyclics also include the so-called
benzoheterocyclics. These have a benzene ring fused to
a heterocyclic ring. The bonding valence of a
heterocyclyl is at a carbon atom or at a nitrogen atom
and preferably at the carbon atom. In various
embodiments, the heterocyclyl group comprises 3 to 18
ring atoms, preferably 3 to 10 ring atoms, more
preferably 3 to 7 ring atoms. A heterocyclyl ring with
3 ring atoms is for example oxiranyl or aziridinyl. A
heterocyclyl with 4 ring atoms is for example
azetidinyl. Heterocyclyl with 5 ring atoms encompasses
for example the rings: pyrrolidinyl, imidazolidinyl
and pyrazolidinyl. Heterocyclyl rings with 6 ring
atoms encompass for example the rings: piperidinyl,
piperazinyl, morpholinyl and thiomorphinyl.
Heterocyclyl rings with 7 ring atoms encompasses for
example the rings: azepanyl, [ 1,3]-diazepanyl and
[1,4]- diazepanyl. Preferred are heterocyclyl rings
with 3 to 6 ring atoms, or 3 to 5 ring atoms. The term
"aryl", when used alone or in combination with other
term(s), refers to an aromatic group. In various
embodiments, the aryl contains from 6 up to 18 ring
carbon atoms (C6-C18-aryl), or from 6 up to 10 ring
carbon atoms (C6-C10-aryl), and includes polynuclear
aromatics. The aryl groups may be monocyclic,
bicyclic, tricyclic or polycyclic and may be fused
rings. A polynuclear aromatic compound as used herein,
is meant to encompass bicyclic and tri-cyclic fused
aromatic ring systems containing from 10-18 ring
carbon atoms. Aryl groups include phenyl and
polynuclear aromatics e.g., naphthyl, anthracenyl,
phenanthrenyl, azulenyl and the like. The aryl group
also includes groups such as ferrocenyl. A preferred
aryl group is phenyl. The term "benzoyl" denotes an
acyl group of the formula -CO-CeH5 wherein the phenyl
ring.The term "heteroaryl" is a heterocyclyl that is
aromatic. In various embodiments, a heteroaryl is
monocyclic or bicyclic containing 1 to 3, preferably 1
or 2, or 1 heteroatom, especially N and/or O and/or S.
The heteroaryl group contains 5 to 18 ring atoms,
preferably from 5 to 14 ring atoms, more preferably
from 5 to 6 ring atoms. Preferably, the "heteroaryl"
group is bound via a carbon ring atom but may be also
bound via a nitrogen atom. Specific examples of
heteroaryl substituents include 6-membered ring
substituents such as pyridinyl, pyrazinyl,
pyrimidinyl, pyridazinyl, and 1,3,5-, 1,2,4-, and
1,2,3-triazinyl; 5-membered ring substituents such as
thienyl, imidazolyl, furanyl, pyrazolyl, oxazolyl,
isoxazolyl, thiazolyl, 1,2,3-, 1,2,4-, 1,2,5-, or
1,3,4-oxadiazolyl, pyrrolyl, triazolyl, thiadiazolyl,
tetrazolyl and isothiazolyl; 6/5-membered fused ring
substituents such as benzothiofuranyl,
isobenzothiofuranyl, benzisoxazolyl, benzoxazolyl,
purinyl, and anthranilyl; and 6/6- membered fused
rings such as quinolinyl, isoquinolinyl, cinnolinyl,
and quinazolinyl. In the compounds according to the
present invention the term "(C3-Ci
8)-cycloalkylcarbonyl" denotes a group R-C(=O)-,
wherein R is an C3-C18 cycloalkyl group as defined
above. The term "arylcarbonyl" denotes a group
R-C(=O)-, wherein R is an aryl group as defined above.
Other carbonyl containing groups are defined
analogously. The term "carbohydrate" denotes the
residue of a polyhydroxy aldehyde or polyhydroxy
ketone of the formula CnH2nOn or Cn(H2O)n, wherein n
>3, preferably 5- 6, and corresponding carbohydrate
groups are, for example, described in Aspinal, The
Polysaccharides, New York: Academic Press 1982, 1983.
A preferred carbohydrate group in the compounds
according to the present invention is a glucosyl, in
particular a 1-b-D-glucopyranosyl group. The term
"amino acid residue" denotes the residue of a
naturally occurring or synthetic amino acid.
Particularly preferred naturally occurring amino acid
residues are selected from the group consisting of
glycyl, valyl, alanyl, isoleucyl, phenylalanyl,
prolyl, seryl, threonyl, methionyl, hydroxyprolyl. The
amino acid residue may be substituted by a suitable
group. Examples are benzylglycyl and N-acetylglycyl.
Suitable ester moieties of inorganic acids may be
derived from inorganic acids such as sulfuric acid and
phosphoric acid.In a more general aspect of the
present invention A2A receptor antagonists are
selected from 8-alkynylxanthines and derivatives,
which are represented by the general formula (I),
wherein, X1, X2 are independently S, O, CH2, or Z,
where Z is (Ak1)C(Ak2), where Ak1 and Ak2 are
independently H or alkyl groups and the total number
of carbon atoms in Z is 1-6, preferably 1-3, and
preferably 1, Y1, Y2 are independently a direct bond
or (C1-C3)-alkylene, R1 and R3 are independently
hydrogen, optionally substituted heterocyclyl with 3
to 18 ring atoms, optionally substituted aryi,
optionally substituted heteroaryl with 5 to 18 ring
atoms, -C(O)R5, -C(O)OR5-OR5, or -OC(O)R5; or R1 and
R3 are (Ci-Ci O)-alkyl, (C2-C10)-alkenyl, (C2-Ci
0)-alkynyl, or (C3-C 8)-cycloalkyl, each of which can
optionally be substituted in one or more places, in
the same way or differently, with halogen, hydroxyl,
cyano, amino, nitro, optionally substituted (C3-Ci
8)-cycloalkyl, optionally substituted heterocyclyl
with 3 to 18 ring atoms, optionally substituted aryl,
optionally substituted heteroaryl with 5 to 18 ring
atoms, -OC(O)R5Or -C(O)R5, or -OR5; 



R2 is hydrogen, optionally substituted heterocyclyl
with 3 to 18 ring atoms, optionally substituted aryl,
optionally substituted heteroaryl with 5 to 18 ring
atoms, -NR6R7, -OR8, -C(0)R 5,or -C(O)OR8; or R2 is
(Ci-C 10)-alkyl, (C2-C10)-alkenyl, (C2-C10)-alkynyl,
or (C3-Ci 8)-cycloalkyl, each of which can optionally
be substituted in one or more places, in the same way
or differently with halogen, hydroxyl, cyano, nitro,
optionally substituted (C3-C18 )-cycloalkyl,
optionally substituted heterocyclyl with 3 to 18 ring
atoms, optionally substituted aryl, optionally
substituted heteroaryl with 5 to 18 ring atoms,
-NR6R7, -OR8,-C(O)R 5or -C(O)OR8; R4 is an optionally
substituted heterocyclyl with 3 to 18 ring atoms,
optionally substituted (C3-C18)-cycloalkyl, or
optionally substituted heteroaryl with 5 to 18 ring
atoms, or an aryl optionally substituted with one or
more groups selected from the group consisting of
halogen, amino, nitro, cyano, -OR9, C(O)R9, - OC(O)R8
optionally substituted heterocyclyl with 3 to 18 ring
atoms, optionally substituted (C3-C18)-cycloalkyl,
optionally substituted aryl and optionally substituted
heteroaryl with 5 to 18 ring atoms; or R4 is an aryl
optionally substituted with (Cr C10)-alkyl,
(C2-C10)-alkenyl, (C2-Ci 0)- alkynyl, or
(C3-C18)-cycloalkyl, each of which can optionally be
further substituted in one or more places, in the same
way or differently with halogen, hydroxy, cyano,
amino, nitro, (Cr C8)-alkyl, (C1-C6^aIkOXy,
(C1-C6)-alkoxy-(C 1-C6)-alkoxy, heterocyclyl with 3 to
18 ring atoms, (C3-C18)-cycloalkyl, aryl, a heteroaryl
with 5 to 18 ring atoms, -C(O)R5, or -OC(O)R 5, with
the proviso, that if the aryl is a phenyl, the phenyl
is at least once substituted with a group other than
hydrogen, R5 is a hydrogen, (Cr C6)-alkyl,
(C2-C6)-alkenyl, or (C2-C6)-alkynyl; or R5 is a (CrC
6)-alkyl substituted in one or more places, in the
same way or differently, with hydroxyl, (Cr
C6)-alkoxy, aryl or -NR6R7; R6 and R7 are
independently hydrogen, (Ci-C 6)-alkyl,
(C2-C6)-alkenyl or (C2-C6)- alkynyl; R8 is hydrogen,
(Ci-Ci q)-alkyl, (C2-Ci 0)-alkenyl, or
(C2-C10)-alkynyl; or R8 is (CrCeJ-alkyl substituted in
one or more places, in the same way or differently,
with hydroxyl, (Ci-C 6)-alkoxy, aryl or -NR6R7; or R8
is optionally substituted (C3-C18)-cycloalkyl,
optionally substituted heterocyclyl with 3 to 18 ring
atoms, optionally substituted aryl, optionally
substituted heteroaryl with 5 to 18 ring atoms or
carbohydrate; or R8 is formyl, optionally substituted
(CrC 10)-alkylcarbonyl, optionally substituted (C3-
Cis)-cycloalkylcarbonyl, optionally substituted
arylcarbonyl, optionally substituted
heteroarylcarbonyl in which the heteroaryl part has 5
to 18 ring atoms, optionally substituted
heterocyclylcarbonyl in which the heterocyclyl part
has 3 to 18 ring atoms, hydroxycarbonyl, hydroxyl-(CrC
6)-alkylcarbonyl, (CrC^-alkoxycarbonyl, optionally
substituted aryloxycarbonyl, benzoylacyl,
benzoylglycyl, optionally substituted amino acid
residue; orR8 is selected from wherein M and Q
independently represent hydrogen, (Ci-Ci O)-alkyl,
optionally substituted aryl, or phenoxy(CrC 6)-alkyl
and wherein M and Q may form a ring together with the
amine nitrogen; or R8 is an ester moiety of inorganic
acids; or R8 is an ester moiety of ascorbic acid; or
R8 is -SiRkRjRu, wherein RR, RJ, RUare independently
selected from (CVC^-alkyl or aryl; R9 is hydrogen,
(d-CioJ-alkyl, (C2-C10)-alkenyl, or (C2-C10)-alkynyl;
or R9 is (d-C 5)-alkyl substituted in one or more
places, in the same way or differently, with hydroxyl,
(Cr C6)-alkoxy or -NR6R7; or R9 is optionally
substituted (C3-C18)-cycloalkyl, optionally
substituted heterocyclyl with 3 to 18 ring atoms or
carbohydrate; or R9 is formyl, optionally substituted
(Ci-C-io)-alkylcarbonyl, optionally substituted (C3-
Ci8)-cycloalkylcarbonyl, optionally substituted
heterocyclylcarbonyl in which the heterocyclyl part
has 3 to 18 ring atoms, hydroxycarbonyl,
hydroxyl-(Ci-C 6)- alkylcarbonyl, (CVC^-alkoxycarbonyl
or an optionally substituted amino acid residue; or R9
is selected from and, or R9 is an ester moiety of
inorganic acids, or R9 is an ester moiety of ascorbic
acid, orR9 is -SiRkRjRu, wherein Rk, R, Ru are
independently selected from (CrC 6)-alkyl and aryl.
The antagonists include suitable salts of compounds of
the above formula, as well as E- and Z-isomers,
optical isomers, diastereomers, racemic mixtures, and
the like (where applicable). In various embodiments,
X1 and X2 of general formula (I) are the same group.
When X1 and X2 are O, the compounds are understood as
substituted xanthines; when X1 and X2 are Z, the
compounds can be understood as purine derivatives or
substituted purines. When X1 and X2 are S, the
compounds are understood as thio derivatives of
xanthines. Preferably, X1 and X2 are both O. When Y1
of general formula (I) is a direct bond, the
compounds, salts, etc. of formula (I) are 8-ethynyl
derivatives, which is a preferred embodiment. In
various embodiments, both Y1 and Y2 are direct bonds,
so the group R4 is directly bonded to a triple bonded
carbon. In various embodiments, R1is hydrogen; or is
(d-C 8)-alkyl, (C2-C8)-alkenyl, (C2-C8)-alkynyl, or
(C3-C6)-cycloalkyl, each of which can optionally be
substituted in one or more places, in the same way or
differently, with halogen, hydroxy, cyano, amino,
nitro, (C3-C6)-cycloalkyl, heterocyclyl with 3 to 7
ring atoms, aryl, heteroaryl with 5 to 10 ring atoms,
-OC(O)R 6or -C(O)R6. In various embodiments, R1of
general formula (I) stands for hydrogen, (CrC
6)-alkyl, allyl, propargyl, a (Cr C6)-alkyl
substituted with one or more cyano or (C3-C6)-
cycloalkyl groups, or a methyl group substituted with
a 3 to 7-membered heterocyclic ring. Examples of the
latter include furanylmethyl. Illustratively, R1of
general formula (I) is a (CrC 4)-alkyl, cyanomethyl,
allyl, or a propargyl group. For example, R1 is an
ethyl, allyl or propargyl group; or a propargyl or
methyl group. In various and preferred embodiments, R1
is propargyl. In another embodiment, R2 of general
formula (I) is H or is selected from allyl, propargyl,
amino, (Cr C4)-alkyl-C(O)O-, or a (CrC 6)-alkyl, the
latter optionally substituted with one or more groups
selected from hydroxyl, halogen, cyano, -NR6R7,
-C(O)OH, -C(O)H, (d-CaJ-alkoxy, (C1-C3)-alkoxy-(CrC
3)-alkoxy, (C1-C3)-alkyl-C(O)O-, a heterocyclyl with 3
to 6 ring atoms, phosphate ester, or carbohydrate
ester. 



In another embodiment R2 of general formula (I) is
hydrogen or a methyl, ethyl, allyl, 2-bromoethyl,
amino, cyano-(CrC 3)-alkyl, propargyl, butyl-C(O)O-,
butyl-C(O)Omethyl-, methyl-C(O)O-propyl-, R6R7N-(C
2-C3)-alkyl-, epoxide-ethyl, dioxolane-ethyl, (OH)
2OP(O)-propyl, H-C(O)-ethyl, HO-C(O)-ethyl,
hydroxyl-(C 2-C3)-alkyl, dihydroxypropyl,
glucosyl-O-propyl, methoxyethoxy-ethyl-, or a
trihydroxypentylgroup. In particular embodiments R2 of
general formula (I) stands for a hydrogen, methyl,
ethyl, allyl, 2-bromoethyl, propargyl, hydroxyethyl,
hydroxypropyl, dihydroxypropyl, (CH3)2-N-ethyl,
(OH)2OP(O)-propyl, or a dioxolane-ethyl group or
methoxyethyl, oxiranylmethyl, 2,3-dihydroxypropyl,
cyanomethyl, 2-cyanoethyl, 3-cyanopropyl, or is
selected from the group consisting of hydrogen,
methyl, ethyl, allyl, propargyl, hydroxyethyl, and
hydroxypropyl, or R2 is hydrogen, methyl, ethyl, or
allyl. R3 of general formula (I) is selected from the
same groups as R 1 noted above. In various
embodiments, R3 is a methyl, ethyl or propargyl group,
or is furan-2- ylmethyl. If R4 of general formula (I)
is a phenyl, the phenyl is at least once substituted
with a group other than hydrogen. In various
embodiments, R4 of general formula (I) is a
heterocyclyl with 3 to 7 ring atoms; a heteroaryl with
5 to 10 ring atoms; or an aryl optionally substituted
with one or more groups selected from the group
consisting of halogen, amino, nitro, cyano, - OR5,
-C(O)R6,-OC(O)R6, (C3-C6)-cycloalkyl, aryl,
heterocyclyl with 3 to 7 ring atoms or a heteroaryl
with 5 to 10 ring atoms. In addition, R4 can be an
aryl optionally substituted with (C1-C8)-alkyl,
(C2-C8)-alkenyl, (C2-C8)-alkynyl, (C3-C6)- cycloalkyl,
each of which can optionally be further substituted in
one or more places, in the same way or differently
with halogen, hydroxy, cyano, amino, nitro, (C1-C8)-
alkyl, (C1-C6)-alkoxy, (C1-C6)-alkoxy-(C1-C6)-alkoxy,
(C3-C6)-cycloalkyl, heterocyclyl with 3 to 7 ring
atoms, aryl, -C(O)R6, or -OC(O)R6.In various
embodiments R4 of general formula (I) stands for a
heterocyclyl with 5 ring atoms selected from the group
consisting of furyl, thienyl, pyrrolyl, pyrrolinyl,
pyrrolidinyl, dioxolanyl, oxazolyl, thiazolyl,
imidazolyl, imidazolinyl, pyrazolyl, pyrazolinyl,
pyrazolidinyl, isoxazolyl, isothiazolyl, oxadiazolyl,
triazolyl and thiadiazolyl, or a phenyl substituted
with Ra and Rb, wherein Ra and Rb are connected to
adjacent carbon atoms of the phenyl ring and form
together a carbocyclic or heterocyclic ring with from
3 to 6 atoms, or an aryl optionally substituted with
one or more groups selected from the group consisting
of (C1-C4)- alkyl-, halogenyl, nitro, amino,
trifluoromethyl-, -OR5 and -OC(O)R6. When R4 is a
5-membered ring heterocycle, preferably Y 1 and Y2 are
direct bonds and the ring atom at the 3-position of
the ring (measured from the point of attachment to the
triply bonded carbon) is a heteroatom. The
heterocyclic ring of R4 of general formula (I) is
optionally substituted with lower alkyl, such as
methyl. In various embodiments, R4 of general formula
(I) is a thiophene, furan, or benzodioxole, or a
phenyl substituted with one or more groups selected
from the group consisting of methyl-, halogen, nitro,
amino, -OC(O)CH 3, methoxy, ethoxy, hydroxyethyl,
hydroxypropyl, methoxyethyl, allyl, hydroxyethoxy,
hydroxypropoxy, and Ra and Rb discussed above. In a
particular embodiment, R4 of general formula (I)
stands for a phenyl substituted with one or more
groups discussed herein at the meta- and/or
para-positions such as meta-methoxyphenyl, or
3,4-dimethoxyphenyl. Preferably R5 of general formula
(I) stands for a hydrogen, (C1-C4)-alkyl, phenyl-
(C1-C3)-alkyl, hydroxyl-(C1-C4)-alkyl,
R6R7-N-(C1-C4)-alkyl, or allyl. More preferably R5 of
general formula (I) stands for hydrogen, methyl,
ethyl, hydroxyl-(C2-C3)-alkyl, (CH3)2-N-(C2-C3)-alkyl,
phenylmethyl or allyl. In exemplary embodiments, R5 of
general formula (I) is a hydrogen, methyl, ethyl,
allyl, hydroxyl-(C2-C3)-alkyl, or
(CH3)2-N-(C2-C3)-alkyl. For example, R5 of general
formula (I) is a methyl, ethyl, allyl, or
hydroxyethyl.Preferably R6 and R7 of general formula
(I) stand independently from each other for hydrogen
or a (C1-C6)-alkyl group or for H or a (C1-C3)-alkyl
group; Most preferably R6 and R7 of general formula
(I) stand independently from each other for hydrogen
or a methyl group. In various embodiments, R8 of
general formula (I) stands for hydrogen, (C1-C6)-
alkyl, (C1-C6)-alkoxy-(C1-C6)-alkyl,
(C3-C6)-cycloalkyl, benzyl, allyl, carbohydrate,
orformyl, (C1-C6)-alkylcarbonyl,
(C3-C6)-cycloalkylcarbonyl, arylcarbonyl,
hydroxycarbonyl, (C1-C6)-alkoxycarbonyl,
aryloxycarbonyl, benzoylacyl, benzoylglycyl, amino
acid residue, or is selected from the group wherein M
and Q independently represent hydrogen, (Ci-C J-alkyI,
aryl, benzyl, or phenoxy(Ci-C 6)-alkyl and wherein M
and Q may form a ring from 3 to 6 atoms together with
the amine nitrogen, or an ester moiety of inorganic
acids (e.g., sulfate or phosphate ester groups), or an
ester moiety of ascorbic acid, or -SiRkRjR wherein Rk,
Rj , Ru are independently selected from (Ci-C 4)-alkyl
and aryl. The various possibilities for R1, R2, R3,
R4, R5, and so on of general formula (I) can be
combined to provide further embodiments of the
compounds. In each of the embodiments X1 and X2 are O,
S, or Z as discussed above, and in preferred
embodiments, X1 and X2 are both O, and Y1 and Y2 are
both direct bonds. An example is compounds of Formula
(I) where R1 is hydrogen, (CrC 6)-alkyl, allyl,
propargyl, or a (Cr C6)-alkyl substituted with one or
more cycloalkyl groups, R2 is a hydrogen or an allyl,
propargyl, amino, (Cr C4)-alkyl-C(O)O-, or a (Cr C6)-
alkyl-group optionally substituted with one or more
groups selected from thegroup consisting of hydroxyl,
halogen, cyano, -NR6R7, -C(O)OH, -C(O)H, (C1-
C3)-alkoxy, (Ci-C 3)-alkoxy-(CrC 3)-alkoxy, (Cr
C3)-alkyl-C(O)O-, a heterocyclyl with 3 to 6 ring
atoms, phosphate ester, or carbohydrate ester, R3 is a
hydrogen, (Ci-C 8)-alkyl, propargyl, or a (d-C
3)-alkyl group substituted with one or more groups
selected from the group consisting of hydroxyl,
halogen, cyano, phenyl, (C3-C6)-cycloalkyl, -OC(O)R
6and -C(O)R6, R4 is a heterocyclyl with 5 ring atoms
selected from the group consisting of furyl, thienyl,
pyrrolyl, pyrrolinyl, pyrrolidinyl, dioxolanyl,
oxazolyl, thiazolyl, imidazolyl, imidazolinyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl and thiadiazolyl,
or a phenyl substituted with Raand Rb, wherein Ra and
Rb are connected to adjacent carbon atoms of the
phenyl ring and form together a carbocyclic or
heterocyclic ring of from 3 to 6 atoms, or an aryl
optionally substituted with one or more groups
selected from the group consisting of (Ci-C 4)-alkyl,
halogen, nitro, amino, trifluoromethyl, -OR5and -
OC(O)R6, R5 is a hydrogen, (Cr C4)-alkyl, phenyl-(CrC
3)-alkyl, hydroxyl-(C r C4)-alkyl, R6R7- 



N-(Ci-C 4)-alkyl. o r allyl, and R6 and R7 are
independently hydrogen or a (Ci-C 3)-alkyl group, or
pharmaceutically acceptable salts, isomers,
diastereomers or enantiomers thereof. Another example
is compounds of Formula (I) where R is a (Ci-C
4)-alkyl, allyl, or a propargyl, R2 is hydrogen or a
methyl, amino, ethyl, allyl, bromoethyl,
cyano-(C2-C3)-alkyl, propargyl, butyl-C(O)O-,
butyl-C(O)O-methyl-, methyl-C(O)O-propyh R6R7N-(C2-
C3)-alkyl-, epoxide-ethyl,
1,3-dioxo-1,3-dihydro-2H-isoindol-ethyl,
dioxolanepropyl, morpholine-ethyl, (OH)2OP(O)-propyl,
H-C(O)-ethyl, HO-C(O)-ethyl, hydroxyl-(C 2-C3)-alkyl,
dihydroxypropyl, glucosyl-O-propyl,
methoxyethoxy-ethyl-, or a trihydroxypentyl-group, R3
is hydrogen or a (d-C 5)-alkyl, hydroxyethyl,
propargyl, methyl-C(O)-methyl, phenyl-methyl,
cyclobutylmethyl, or butyl-C(O)O-methyl-group, R4 is a
thiophene, furan, benzodioxole, or a phenyl
substituted with one or more groups selected from the
group consisting of methyl-, halogen, nitro, amino,
trifluoromethyl-, -OC(O)CH 3 and -OR5,R5 is a
hydrogen, methyl, ethyl, hydroxyl-(C 2-C3)-alkyl, (CH
3)2-N-(C 2-C3)-alkyl, phenylmethyl or allyl, R6 and R7
are independently hydrogen or a methyl group, or
pharmaceutically acceptable salts, isomers,
diastereomers or enantiomers thereof. Still further
examples are laid out below. Compounds of Formula (I)
where: R2 is a hydrogen or an amino, methyl, ethyl,
allyl, bromoethyl, cyanomethyl, propargyl,
butyl-C(O)O-, butyl-C(O)O-methyl,
methyl-C(O)O-propyl-, (CH3)2-N- (C2-C3)-alkyl,
epoxide-ethyl, 3-dioxo-1 ,3-dihydro-2H-isoindol-ethyl,
dioxolanepropyl, morpholine-ethyl, (OH) 2
OP(O)-propyl, H-C(O)-ethyl, HO-C(O)-ethyl,
hydroxyethyl, hydroxypropyl, or a dihydroxypropyl
group, and R4 is a benzodioxole, or a phenyl
substituted with one or more groups selected from the
group consisting of methyl-, halogen, nitro, amino,
trifluoromethyl, - OC(O)CH3 and -OR5, or
pharmaceutically acceptable salts, isomers,
diastereomers or enantiomers thereof. Compounds of
formula (I) where R1 is a ethyl, allyl or propargyl
group, R3 is a methyl, ethyl or propargyl group, R4 is
phenyl substituted with one or more groups selected
from the group consisting of methyl, halogen,
-OC(O)CH3 and -OR5, and R5 is a hydrogen, methyl,
ethyl, allyl, hydroxyl-(C2-C3)-alkyl, or
(CH3)2-N-(C2-C3)- alkyl, or pharmaceutically
acceptable salts, isomers, diastereomers or
enantiomers thereof. Compounds of formula (I) where R1
is a propargyl group, R2 is a hydrogen, methyl, ethyl,
allyl, propargyl, hydroxyethyl or hydroxypropyl group,
R3 is a methyl or propargyl group; andR5 is a methyl,
ethyl, allyl, or hydroxyethyl, or pharmaceutically
acceptable salts, isomers, diastereomers or
enantiomers thereof. Compounds of general formula (I)
wherein R1 is a propargyl group, R2 is a methyl,
ethyl, furan-2-ylmethyl, furan-3-ylmethyl, or
hydroxypropyl group, and R4 is a phenyl substituted
with one or more methoxy groups or a meta-methylphenyl
group, or pharmaceutically acceptable salts, isomers,
diastereomers or enantiomers thereof. Compounds of
general formula (I) wherein R1 is a propargyl group,
R3 is a methyl group, and R4 is phenyl substituted
with one or more methoxy groups, or pharmaceutically
acceptable salts thereof. Compounds of general formula
(I) wherein R1 is a propargyl group, R2 is an ethyl or
hydroxypropyl group, and R4 is phenyl substituted with
two methoxy groups., including salts thereof. In one
embodiment the present invention relates to
pharmaceutical compositions comprising compounds
according to formula (I), wherein R1, R2, R3 and R4
have the meanings shown in table 1. In another
embodiment, compounds of Formula (II) are provided, as
well as salts thereof and possible optical isomers,
diastereomers, and configurational isomers (for
example, E- and Z- configurations about double bonds).
In one aspect, these are compounds like those of
Formula I , wherein Y1 and Y2 are direct bonds and
wherein R4 is a substituted phenyl group or a
heterocyclic. The substitution of the phenyl group is
preferably at positions meta- and para- to the
position of attachment to the alkynyl group. Suitable
salts include those described above for Formula Ia.In
Formula (II), the groups have the following meaning:
X1 and X2 are independently CH2, O, or S; R1 is C1.5
alkyl, C2-4 alkenyl, heteroarylmethyl, or C3-4
alkynyl; R2 is -H, -CH3, -CH2CH3, -CH2CN, -CH2CH2CN,
Or-CH 2CH2CH2CN; in addition polar substituents are
tolerated at R2, for example those containing hydrogen
bond acceptors; In non-limiting embodiments: R2 is an
aliphatic group A of 2 to 5 total carbon atoms,
wherein the first two carbons are bonded to the ring
in series and the second carbon from the ring is
bonded to at least one of single bond O, OH, OCH3,
single bond N, triple bond N, CH, =CH2, -CH=O and
acetals thereof, and halogen; or R is an aliphatic
group B of 3 to 5 total carbons, wherein the first
three carbons are bonded to the ring in a chain, and
the third carbon from the ring is bonded to single
bond O or to OH; or R2 is a methyl substituted with a
5-membered heterocyclic ring, preferably a
heteroaromatic such as thiophene and furan; R3 is -H,
methyl, ethyl, furan-2-ylmethyl, or propargyl; R4 is
an optionally substituted heterocyclic ring of 5 to 7
ring atoms; in various embodiments R4 is a 5- or
-6-membered heterocycle, preferably an aromatic
heterocycle. The ring is unsubstituted or preferably
substituted with lower alkyl groups such as (C1-C4)
alkyl and especially methyl. Exemplary heterocycles 



include five membered aromatic heterocycles with O, S,
or N as heteroatoms.Non-limiting examples include
furan, thiophene, pyrrole, and imidazole. In various
embodiments, R4 is bound to the triple bond of formula
(I), (II), or (III) in such a way that a heteroatom
occupies the 3-position, where the point of attachment
to the triple bond is the 1-position; or R4 is a group
of Formula (Ha) wherein optionally, any two adjacent
Rx, Ry, and Rz together with the phenyl ring to which
they are bonded form a 5- to 7-membered ring
containing zero, one, or two ring oxygen atoms; any of
Rx, Ry, and Rz not forming a ring are independently
selected from H, CH3, halogen, and OR17 , wherein R17
is (C1-C4 alkyl)carbonyl, (Ci-C ) alkyl, hydroxy(Ci-
C4) alkyl, (C1-C4)alkoxy(Cr C4)alkyl, (C1-C4) alkenyl,
heterocyclyl(C r C4)alkyl, or (C1- C3)dialkylamino(C
1-C4)alkyl; and at least one of Rx, Ry, and Rz is not
-H. In various embodiments of Formula II, R1 is
propargyl, R4 is Formula Ma, and at least one of Rx,
Ry, and Rz, is methoxy. In some embodiments, two of
Rx, Ry, and Rz are methoxy. In various embodiments, at
least one of Rx, Ry, and Rz is hydrogen. In various
embodiments, R3 is methyl. Additional suitable
components of R4 are given below and in the Examples.
When R1 is propargyl and X1 and X2 are both O,
compounds of Formula III are obtainedSalts of Formula
III compounds include those described above for
Formula I and II. In a representative embodiment, Rx,
Ry1and Rz are independently selected from hydrogen,
halogen, methyl, methoxy, ethoxy, and
(C1-C3)-dialkylamino-(C 1-C4)alkyl. As with Formula Il
and illustrative embodiments of Formula I, preferably
at least one of Rx, Ry, and Rz is other than hydrogen.
In particular embodiments, one of Rx, Ry, and Rz is a
methoxy and the others are hydrogen; or two of them
are methoxy and the third is hydrogen. Optionally, any
of the methoxy groups is further substituted with
optionally substituted heterocycle. An example of the
latter is furan-2- ylmethoxy or furan-3-ylmethoxy.
Illustratively in Formula Il and III, the group R2 is
selected from 2,3-dihydroxypropyl, cyanomethyl,
2-cyanoethyl, 3-cyanopropyl, furan-2-ylmethyl,
furan-3-ylmethyl, allyl, glycidyl, 2-methoxyethyl,
propargyl, 2-bromoethyl, 2-hydroxyethyl,
glycidylmethyl, 3- hydroxypropyl and the phosphate
ester thereof, 2-hydroxypropyl, 3-methoxypropyl,
2-(N,N-dimethylamino)ethyl, hydrogen, methyl, and
ethyl. These groups are illustrated also in the
compounds given below in Tables 1-6. In various
embodiments, the compounds of the present invention
such as compounds of formula Ia, Ilia, Il and III
exhibit a high affinity for A2A receptors when
measured in rats or in humans, and are generally
useful as therapeutic agents for conditions mediated
by the A2A receptor and its antagonists. In addition,
these compounds often show a marked selectivity for
the A2A over the A1 receptor (as indicated by measured
Ki values), with most showing a greater than 10 fold
higher sensitivity for the former, as indicated by a
Ki for A2A that is lower by at least a factorof 10
than the Ki for A1. Inhibitor data for a
representative group of these compounds is given in
the Tables. In various embodiments, the compounds of
the present disclosure exhibit a binding equilibrium
constant or K of 180 nM or less with respect to the
A2A receptor, measured either on human receptors or in
a mouse model. By judicious choice of substituents
within the Formulas given above, it is possible to
provide inhibitors having even higher affinity. Thus
in various embodiments, the compounds exhibit Ki less
than 150 nM, less than 100 nM, less than 50 nM, or
less than 20 nM with respect to the A2A inhibitor.
Compounds are provided that have a Kj of as low as 5
nM with respect to the A A receptor. Provision of A2A
antagonists of high affinity based on the current
disclosure is based in part on the discovery that
certain sizes of substituent groups on the xanthine
ring, and certain patterns of substitution about the
phenyl ring of Formula Ha lead to inhibitors of high
affinity. For example, when R2 is other than hydrogen,
methyl, ethyl, cyanomethyl, cyanoethyl, or
cyanopropyl, it is described that the second or third
carbon atom from the ring nitrogen is bonded to
certain functional groups or atoms in order to have
high affinity for the receptors. The presence of these
groups is indicative of corresponding structure on the
receptors themselves. In one aspect, the inventors
have probed that structure by identifying inhibitor
molecules that bind tightly with the receptor binding
site. Specifically, certain kinds and locations of
dipoles are provided by the aliphatic groups A and B
described above and exemplified in the Examples and
Tables. In particular, in various embodiments such
dipoles are provided at the 2- and 3- positions of the
aliphatic groups A and B. Preferred compounds in
various aspects include 3-ethyl-8-(3,4-
dimethoxyphenylethynyl)-7-methyl-1-prop-2-ynyl-3,7-dih
ydropurine-2,6-dione, which is given as test compound
1 in the Tables. This compound induces a potent
hyperlocomotion in the Irwin Test. This compound also
significantly reduced catalepsy time in acute
CGS-21680 and reserpine-induced catalepsy models.
These models are e.g. described by Ferr S. et al.,
Neurosci. Let., 1991, 130, 162; Ferre S. et al.,
Neuroscience, 1992, 51, 501; Kafka S.H. et al., Eur.
J. Pharma col., 1996, 295, 147; Rimondini R. et al.,
Neuropsychopharmacology, 1997, 17, 82 andare herein
incorporated by reference. The compound was also
effective in a haloperidol model. Another useful
compound is
3-(3-hydroxypropyl)-8-(3,4-dimethoxyphenylethynyl)-7-
methyl-1-prop-2-ynyl-3,7-dihydropurine-2,6-dione,
shown as test compound 2. This compound induces a
potent hyperlocomotion in the Irwin Test. This
compound also reduced catalepsy time in acute
CGS-21680 and reserpine-induced catalepsy models.
Another preferred compound is
8-[(3,4-dimethoxyphenyl)ethynyl]-7-methyl-
1-prop-2-ynyl-3,7-dihydro-1H-purine-2,6-dione.
Intermediate products used for the production of a
compound according to general formula (I), (II), and
(III) of the invention are those of general formula
(IV), in which X1, X2, Y1, Y2, R1, R2, R3 and R4 have
the meanings indicated in one of Formulas (Ia),
(Ilia), (IVa), (Va), (I), (II), and (III). The
intermediates include salts, optical isomers, and
diastereomers of the Formula (IV) compounds. In
various embodiments, one or more of R1, R2, and R3 are
hydrogen, and are subsequently alkylated according to
the synthetic strategy, as described further below.
Thus in one embodiment, R2or R3 of general formula
(IV) stands for a hydrogen. In another embodiment of
the invention both R2 and R3 of general formula (IV)
stand for hydrogen. As discussed further below, when
R1 in the ultimate product is propargyl, it is
advantageous to start with a compound of Formula (IV)
where R1 is hydrogen 



and alkylate the position later with propargyl
bromide, after ring closure. When R1 or R2 is a
hydrogen and X1 and X2 are O or S, the compounds can
exist in tautomeric forms, either in the solid or in
solution. Different tautomeric forms are illustrated
by Formulas V or Vl:(illustrated for the case where Yi
and Y2 are direct bonds) where Xi and X2 are O or S;
X3 and X4 are -OH or -SH; and R1, R2, R3, and R4 are
as defined above. A tautomeric form of formula (V) or
(Vl) can be produced according to the methods known to
the skilled person in the art, such as e.g. by Muller
et al., Synthesis, 1998, 1428. This document is herein
incorporated by reference. In various embodiments, the
compounds of formula (Ia), (Ilia), (IVa), (Va), (I),
(II), and (III) (hereafter the "compounds") can be
used as pharmaceutical compounds based on their
selective antagonistic activity relative to the A2A
adenosine receptor. Where the compounds have ionizable
groups (amino groups, carboxyl groups, and the like),
suitable A2A antagonists are also selected from salts
of the compounds, as well as from tautomeric forms. In
various embodiments, the compounds exhibit more than
3-fold, preferably a more than 5-fold, more preferably
a more than 10-fold, even more preferably a more than
50-fold, most preferably a more than 100-fold
selective affinity for A2A over A1. Selective affinity
is determined in the usual way by comparing the Ki of
an inhibitor or antagonist measured on a pair of
receptors. If the Ki of a compound for a firstreceptor
is less than the K, for a second receptor, it is said
that the compound has a higher affinity for the first
receptor, or that it is selective for the first
receptor. The degree of selectivity is indicated by
the numeric ratio of the respective K,'s. If for
example K, on the first receptor is lower by a factor
of ten than K1for the second, it is said that the
affinity for the first receptor is ten times that for
the second receptor. In some situations, selectivity
versus the A1 adenosine receptor is desirable e.g. due
to potential negative effects on cardiac and kidney
functions and in the central nervous system by
compounds acting on the Ai adenosine receptor. Based
on their profile of action, the compounds according to
the invention are suitable for preventing or treating
diseases such as Parkinson's disease (PD), catalepsy,
dystonia, dyskinetic syndrome, restless legs syndrome,
migraine, pain, dementia, neurodegenerative disorders,
alcohol withdrawal and/or ischemic conditions such as
e.g. stroke or cardiac ischemia. Preferably the
compounds are used to treat PD and/or dyskinesia. The
term "treatment" of a given disease as used herein
includes the elimination or the alleviating of one or
more symptoms of the respective disease. Subjects of
this invention are also pharmaceutical compositions
comprising a compound according to general formulas
(Ia) (Ilia), (IVa), (Va)1 (I) (II), and (III) . The
pharmaceutical compositions are useful for preventing
or treating the abovecited diseases. In a preferred
embodiment of the invention, the pharmaceutical
composition comprises additional suitable
pharmaceutically acceptable carriers. Suitable
pharmaceutically acceptable carriers depend on the
pharmaceutical form and are known by a person skilled
in the art. As used herein, "pharmaceutically
acceptable carriers" includes any and all solvents and
solvent mixtures, dispersion media, complexation
agents, surface active excipients, solid carriers,
coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents for
pharmaceutically active substances and mixtures
thereof, as well known in the art Non-limiting
examples for pharmaceutically acceptable carriers
include those having components selected from gelatin,
lactose, sugar alcohols, (e.g. mannitol, starch, corn
starch, and the like), magnesium stearate, talc,
vegetable oil, microcrystalline cellulose,
carboxymethyl-cellulose, polysorbate, sodium lauryl
sulphate, colloidal silicon oxide, copolyvidone,
buffered aqueous solutions, ethanol,
polyalkyleneglycols, (preferably polyethylene glycols,
e.g. PEG 400), propylene glycol, Tween(r) 80 (i.e. PEG
(20) sorbitol monooleate), DMSO, mixtures of water and
co-solvents, e.g. aqueous solutions comprising
alcohols like ethanol and/or polyalkylene glycols like
polyethylene glycol, complexation agents like
cyclodextri ps, e.g. a-cyclodextrin, (a-CD) or
hydroxypropyl- b-cyclodextrin (HP- b-CD), surfactants
like anionic, cationic, non-ionic and amphoteric
surfactants, salts of bile acids or lipids, e.g.
animal or vegetable phospholipids, esters of polyols
like glycerol and/or poly ethylene glycol with fatty
acids, micelles forming agents, and oils like corn
oil, or mixtures of two or more of the components
mentioned before. Further non-limiting examples of
suitable pharmaceutically acceptable carriers as well
as suitable additives useful in the compositions of
the present invention are mentioned below. In one
embodiment the present invention relates to
pharmaceutical compositions of the present invention
forming in aqueous media lipid-based drug delivery
systems (DDS). Said pharmaceutical compositions
comprise at least one surfactant beside the at least
one compound of formula (Ia), (Ilia), (IVa), (Va),
(I), (II), and (III) or salt thereof. Non-limiting
examples of suitable surfactants are mentioned above.
In various embodiments, lipid-based drug delivery
systems form the following structures: micelles,
microemulsions, emulsions (i.e. simple self-assembly
structures of lipids and surfactants) - liposomes
(i.e. dispersed closed bilayer assemblies of a
lamellar phase in water), or nanoparticles of
non-lamellar phases (e.g. cubic, hexagonal, sponge).
In some embodiments, the lipid-based drug delivery
systems that form micelles, microemulsions or
emulsions are preferred. The HLB-value
(hydrophile-lipophilebalance) of suitable surfactants
or surfactant mixtures for the formation of micelles,
microemulsions or emulsions is in general about 8 to
18, about 10 to 18, or about 12 to about 16. The
lipid-based drug delivery systems form an SEDDS
(selfemulsifying drug delivery system) or an SMEDDS
(self-microemulsifying drug delivery system). SEDDS
and SMEDDS are mixtures, ideally isotropic, of oil(s)
(i.e.lipid(s), e.g. a compound of formula (I) or salts
thereof), at least one surfactant, optionally at least
one co-surfactant and optionally at least one
co-solvent, which emulsify spontaneously to produce
fine oil-in-water emulsions when introduced into an
aqueous phase under gentle agitation. The gentle
agitation may be for example provided by gastric
mobility. The pharmaceutical compositions may comprise
further excipients and/or additives. Suitable further
excipients and/or additives are mentioned before and
below. The compounds or the pharmaceutical composition
may be administered in a convenient manner, such as by
oral, intravenous, intramuscular, intrathecal or
subcutaneous routes. Enteral, parenteral or oral
administration is preferred. Most 



preferred is oral administration. The compounds can be
orally administered, for example, with an inert
diluent or with an assimilable edible carrier,
enclosed in capsules, compressed into tablets, or be
incorporated directly into the food of the diet. For
oral therapeutic administration, the active compound
in exemplary embodiments is incorporated with
excipients and used in the form of ingestible tablets,
buccal tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, pills, soft gel caps,
powders, solutions, dispersions, liquids and the like.
Such compositions and preparations contain a
therapeutically effective amount of the active
ingredient, which is normally present at a level of at
least 1% by weight of the composition administered. In
various embodiments, the compositions contain from 5
to about 80% by weight of the active compound. In
various embodiments, the tablets, troches, pills,
capsules and the like contain one or more of the
following: A binder such as gum tragacanth, acacia,
corn starch or gelatine; excipients such as dicalcium
phosphate; a disintegrating agent such as corn starch,
potato starch, alginic acid and the like; a lubricant
such as magnesium stearate; and a sweetening agent
such as sucrose, lactose or saccharin may be added or
a flavouring agent such as peppermint, oil of
wintergreen, or cherry flavouring. When the dosage
unit form is a capsule, it may contain, in addition to
materials of the above type, a liquid carrier.Various
other materials may be present as coatings or
otherwise modify the physical form of the dosage unit.
For instance, tablets, pills, or capsules may be
coated with shellac, sugar or both. A syrup or elixir
may contain the compound of formula (Ia), (Ilia),
(IVa), (Va), (I), (II), and (III) , sucrose as a
sweetening agent, methyl and propylparabens as
preservatives, a dye and flavouring such as cherry or
orange flavour. Of course, any material used in
preparing any dosage unit form for human consumption
should be pharmaceutically pure and substantially
non-toxic in the amounts employed. In one embodiment
of the invention the compound of formula (Ia), (Ilia),
(IVa), (Va), (I), (II), and (III) is included in a
capsule. The capsule can be a hard or soft shell
capsule. The capsule can be made from any suitable
film forming material comprising e.g. gelatin,
cellulose derivatives, pullulan or other glucans,
polyvinyl alcohol, pectin, modified starches, such as
starch ethers and oxidized starch, more particularly
hydroxyethylated starch (HES) or hydroxypropylated
starch (HPS) - alone or mixtures thereof and if
appropriate in a mixture with a setting system or
further components. The cellulose derivatives used for
the manufacture of capsules include, but are not
limited to, hydroxypropyl cellulose, hydroxyethyl
cellulose, hydroxypropyl methyl cellulose,
hydroxymethyl cellulose, methylcellulose, ethyl
cellulose, cellulose acetate, cellulose acetate
phthalate, cellulose acetate trimellitate,
hydroxypropylmethyl cellulose phthalate,
hydroxypropylmethyl cellulose succinate, carboxymethyl
cellulose sodium, and mixtures thereof. Preferred
cellulose derivatives are hydroxypropyl cellulose,
hydroxyethyl cellulose, hydroxypropyl methyl
cellulose, hydroxymethyl cellulose, methylcellulose,
and ethyl cellulose. In addition, the compounds may be
incorporated into sustained-release preparations and
formulations (retard compositions). For example,
sustained release dosage forms are contemplated
wherein the compounds are bound to an ion exchange
resin that, optionally, can be coated with a diffusion
barrier coating to modify the release properties of
the resin. The compounds may also be administered
parenterally or intraperitoneal^. Dispersions can also
be prepared in glycerol, liquid polyethylene glycols,
andmixtures thereof and in oils. Under ordinary
conditions of storage and use, these preparations
contain a preservative to prevent the growth of
microorganisms. The pharmaceutical forms suitable for
injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile
powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. In all cases the
form is preferably sterile and fluid to the extent
that easy syringability exists, is must be stable
under the conditions of manufacture and storage, and
must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier
can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene
glycol, and the like), suitable mixtures thereof, and
vegetable oils. The proper fluidity can be maintained,
for example, by the use of a coating such as lecithin,
by the maintenance of the required particle size in
the case of dispersions, and by the use of
surfactants. The prevention of the action of
microorganisms can be brought about by various
antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid,
thimerosal, and the like. In many cases, it will be
preferable to include isotonic agents, for example,
sugars or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the
use in the compositions of agents delaying absorption,
for example, aluminium monostearate and gelatin.
Sterile injectable solutions are prepared by
incorporating the compound of formula (Ia), (Ilia),
(IVa), (Va), (I), (II), and (III) in the required
amount in the appropriate solvent with various of the
other ingredients enumerated above, as required,
followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the various
sterilized active ingredient into a sterile vehicle
which contains the basic dispersion medium and the
required other ingredients from those enumerated
above. In the case of sterile powders for the
preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum drying and
the freezedrying technique. It is especially
advantageous to formulate the pharmaceutical
compositions of the present invention in dosage unit
form for ease of administration and uniformity of
dosage. Dosage unit form as used herein refers to
physically discrete units suitedas unitary dosages for
the mammalian subjects to be treated; each unit
containing a predetermined quantity of the compound of
formula (Ia), (Ilia), (IVa), (Va), (I), (II), and
(III) calculated to produce the desired therapeutic
effect in association with the required pharmaceutical
carrier. The specifics for the novel dosage unit forms
of the invention are dictated by and directly
dependent on (a) the unique characteristics of the
compound of formula (Ia), (Ilia), (IVa), (Va), (I),
(II), and (III) and the particular therapeutic effect
to be achieved, and (b) the limitations inherent in
the art of compounding the compound of formula (Ia),
(Ilia), (IVa), (Va), (I), (II), and (III) for the
treatment of diseases in patients having a disease
condition in which bodily health is impaired. The
compounds are compounded for convenient and effective
administration in 



effective amounts with a suitable pharmaceutically
acceptable carrier and optionally further suitable
additives and excipients in dosage unit form as
hereinbefore described. The dosage of the compound of
formula (Ia), (Ilia), (IVa), (Va), (I), (II), and
(III) varies depending on the route of administration,
age and weight of the patient, nature and severity of
the disease to be treated, and other factors. In
various embodiments, the daily dosage is in general
from 2 to 2000 mg/d, for example 50 to 500 mg/d.
Within these ranges, in various embodiments subranges
are chosen with a lower value of 2, 5, 10, 20, 25 50,
100, 200, 250, or 400 mg/d, and upper ranges of 50,
100, 200, 250, 500, 600, 750, 1000, 1500, and 2000
mg/d. The lower values and upper values can be
combined to give a suitable dose range, which will
depend on various factors such as those noted above.
The daily dose may be administered in one single
dosage unit per day or in two or more dosage units per
day. In various embodiments, compounds described
herein are combined with other drugs to provided
combination therapy for Parkinson's disease or other
conditions. Compositions include at least one of the
A2A inhibitors described herein and another
therapeutic agent selected from L-dopa (optionally in
combination with carboxylase inhibitors such as
carbidopa and benserazide, COMT inhibitors such as
tolcapone and entacapone, or with both a carboxylase
inhibitor and an COMT inhibitor); a monoamine oxidase
type B inhibitor such as selegiline and rasagiline; a
glutamate antagonist such as amantadine; an
anticholinergic such as trihexphenidyl, benztropine,
orphenadrine, and procyclidine; and a dopamine agonist
such asbromocriptine, cabergoline, pergolide,
pramipexole, ropinirole, and rotigotine. In all cases
the other therapeutic agent can be selected from the
free base or neutral compound, or a pharmaceutically
acceptable salt. In various embodiments, an A2A
inhibitor described herein is combined into a unitary
dose form with the other therapeutic agent or agents.
In other embodiments, the A2A inhibitor and other
agents are combined in kit form or otherwise provided
for administration together. Methods for treating
Parkinson's disease or other indications described
above include administering an A2A inhibitor described
herein in combination therapy with one or more of
L-dopa, a dopamine agonist, a MAO-B inhibitor, a
glutamate antagonist, and an anticholinergic, where
non-limiting examples of the cotherapeutic agents are
listed above. The A2A inhibitor and other therapeutic
agent are administered together as a single dose
containing the two active ingredients, or separately
in separate dosage forms, as appropriate. In
non-limiting examples, one of the agents is
administered in pill or tablet or other solid dosage
form, while the other is administered in pill or
tablet or other solid dosage form, in a transdermal
patch, or as an injectable form. Tables and Figures
Table 1: Overview of compounds of the present
invention Table 2a: Data of radioligand assay 1; data
of rat receptors Table 2b: Data of radioligand assay
1; data of human receptors Table 3: Comparison of
human A2A ligand data for different N3-substitutions
Table 4: Data of radioligand assay 2 including the
A2Badenosine receptor (and partly with other ligands)
Table 5: Data of the sodium chloride-shift-experiment
Table 6: Data of functional assay concerning
inhibition of A1- and A^-adenosine receptors Table 7:
Methods and behavioural parameters of the functional
observational battery (FOB) / modified Irwin test
Table 8: Methods and behavioural parameters of the
short animal check (SAC) / modified Irwin testTable 9:
Methods and behavioural parameters of the follow-up
observation (FU) / modified Irwin test Table 10:
Compound data / modified Irwin test Figure 1: Overview
of the acute CGS-21680 induced catalepsy and acute
Reserpine induced catalepsy tests (time schedule /
application of compounds) Figure 2: CGS-21680 induced
catalepsy time with control (vehicle/vehicle) and
reference compound caffeine Figure 3: Reserpine
induced catalepsy time with control (vehicle/vehicle)
and reference compound apomorphine Figure 4a & 4b:
Significant reduction of catalepsy time in acute
CGS-21680 induced catalepsy model with test compound 1
(=3-Ethyl-8-(3,4-
dimethoxyphenylethynyl)-7-methyl-1-prop-2-ynyl-3,7-dih
ydropurine-2,6 dione) Figure 5a * 5b: Significant
reduction of catalepsy time in acute Reserpine induced
catalepsy model with test compound 1 Figure 6a & 6b:
Reduction of catalepsy time in acute CGS-21680 induced
catalepsy model with test compound 2
(=3-(3-Hydroxypropyl)-8-(3,4-
dimethoxyphenylethynyl)-7-methyl-1-prop-2-ynyl-3,7-dih
ydropurine- 2,6-dione) Figure 7a & 7b: Significant
reduction of catalepsy time in acute Reserpine induced
catalepsy model with test compound 2Synthesis Scheme
The compounds according to formula (Ia), (Ilia),
(IVa), (Va), (I), (II), and (III) of the present
invention may be prepared by any process known by one
skilled in the art. In preferred embodiments of the
present invention the compounds according to formula
(Ia), (Ilia), (IVa), (Va), (I), (II), and (III) are
prepared according to six different general (methods A
to F). Method A According to this method an amide bond
is formed by the reaction of step (a), followed by
selective substitution at the N1-atom (step (b)).
Subsequently, the ring is closed with dehydrating
reagents (step (c)) followed by substitution at the
N7-atom (step (e)). This method (except step (c)) is
described by Muller CE. et al., Eur. J. Med. Chem.
1997, 32, 709-719 and is incorporated herein by
reference. The reaction is shown in the scheme below:
wherein X1, X2, Y1, Y2, R1, R2, R3 and R4 are defined
as mentioned above.Step (a): The reaction with the
5-amino group of the 5,6-diaminodihydropyrimicline
derivatives with differently substituted carboxylic
acids can be conducted similarly to the process
described by Muller CE. et al., Eur. J. Med. Chem.
1997, 32, 709-719. For this amide bond forming step
methanol or another suitable solvent in the presence
of a condensation agent such as e.g.
(dimethylaminopropyl)ethylcarbodiimide x HCI (EDC),
other carbodiimides, or other 



suitable amide coupling reagents and methods can be
used. The step can be conducted at room temperature
and takes seldom longer than 3 hours. Step (b) An
additional substituent (e.g. an alkyl group) is added
at position N1 of the intermediate obtained through
step (a). The intermediate can be suspended in DMF or
another preferably polar solvent. The reaction can
e.g. be conducted at room temperature (up to 6O0C)
with R2 substituted halogenides (e.g. iodide or
bromide) in the presence of potassium carbonate or
another suitable base. When using other less reactive
e.g. alkylating agents higher temperatures may be
required. The intermediates obtained through this step
can for example be precipitated with water optionally
in the presence of sodium chloride and
dichloromethane. Step (c). The intermediate obtained
through step (b) is dissolved (e.g. in DMF). The ring
forming step occurs at a temperature of between 7O0C -
1300C, preferably at 1000C with an excess of
phosphorus pentoxide (P O10) within a few minutes.
Alternatively, other suitable conditions and/or
dehydrating reagents can be used for the ring closure
reaction. Step (e). The addition of a substituent at
position 7 of the intermediate obtained through step
(c) is conducted in analogy to the reaction described
under step (b). Further purification of the products
may be conducted with column chromatography and/or
crystalline transformation (e.g. with
dichloromethane/petrol ether). Method B According to
this method, the ring-closing step (a(1 )) or
alternatively (a(2)) directly follows the above
described amide bond forming step (step (a) in method
A). Substitution at position N3 and N7 can be done in
one step (step (b)).The reaction is shown in the
scheme below: wherein X1, X , Y1, Y , R1, R\ R and R4
are defined as mentioned above. Step (a ( 1)) The ring
forming step can be conducted in analogy to described
procedures using hexamethyldisilazane (HMDS) as
condensing agent (Burbiel et al., 2006, Beilstein J.
Org. Chem. 6, 1375). The intermediate obtained through
step (b) is therefore suspended in HMDS or other
silylating agents in the presence or absence of
catalysts such as trimethylchlorosilane,
p-toluenesulfonic acid, ammonium sulphate. The
reaction takes place at various temperatures,
preferably at 12O0C -16O0C, more preferably at 14O0C
within preferably 24-50 hours. The reaction can be
accelerated by microwave heating. Other water
detracting agents such as polyphosphoric acid
trimethylsilyl ester (PPSE) or NaOH, dioxane/water can
be used. However, decomposition of the reactant might
occur or alternatively Step (a (2)) This step is
similar to the Step (c) of method A. Step (b) This
step is performed in analogy to the steps (b) and (e)
of method A. Method C Step (a (1)) or step (a (2))
from method B are used to close the ring. Afterwards
the N7 position is selectively substituted (step a) of
method C). Optionally, the N7- substituted
intermediate obtained through step a) can optionally
be further purified by column chromatography. Step b)
describes the substitution at N3.wherein X1, X2, Y1,
Y2, R1, R2, R3 and R4 are defined as mentioned above.
Step (a) N7 - selective addition of a substituent
after the ring closing step described in method B
(step (a (1)) or step (a (2))) occurs in the presence
of 1.6 eq of substituted sulfonic acid methyl ester
(e.g. methylmesylate), a solvent such as DMF and a
base, preferably Et3N, preferably at room temperature
within 1 hour. The intermediate(s) obtained through
this step can optionally be purified by column
chromatography. Therefore, the intermediate reacts
with an excess of pivaloyloxymethyl chloride, DMF,
K2CO3 at room temperature for 1 Vz hours to different
POM-substituted intermediates which can be easily
separated by column chromatography (e.g. with petrol
ether/acetic acid 7/3). Alternatively, other
protecting groups can be introduced by suitable
methods known to the skilled person in the art. The
N3-POM group can then be cleaved off under basic
conditions, e.g. with MeOH, THF, LiOH at room
temperature within 3-4 hours. Step (b) A substituent
is then introduced at N3 of the intermediate obtained
through step (a) with substituted halogenides (or
compound with another suitable leaving group) in the
presence of a base and DMF or another suitable,
preferably polar solvent, at room or elevated
temperatures.Preparation of
8-[(3,4-Dimethoxyphenyl)ethynyl]-7-methyl-1-prop-2-yny
l-3,7-dihydro- 1/-/-purine-2,6-dione To a solution of
8-[(3,4-dimethoxyphenyl)ethynyl]-1-prop-2-ynyl-3,7-dih
ydro-1Hpurine- 2,6-dione (650 mg, 1.86 mmol) in DMF
(10 mL) and triethylamine (0.4 ml_, 3 mmol) was added
methyl methanesulfonate (286 mg, 2.60 mmol). The
solution was stirred at room temperature for 3 h
(TLC-control: dichloromethane/methanol, 9.5 : 0.5),
hydrolyzed with water (30 mL) and acidified with
diluted hydrochloric acid. The precipitate was
filtered under reduced pressure, washed with water and
dried at 70 0C. The crude
8-[(3,4-dimethoxyphenyl)ethynyl]-7-methyl-1
-prop-2-ynyl-3,7-dihydro-1 Hpurine- 2,6-dione (ca. 452
mg, 1.24 mmol), contaminated with the starting
material and with the dimethylated derivative
(8-[(3,4-dimethoxyphenyl)ethynyl]-3,7-dimethyl-
1-prop-2-ynyl-3,7-dihydro-1H-purine-2,6-dione), was
suspended in dry DMF (7 mL). Subsequently dry
potassium carbonate (514 mg, 3.72 mmol) and
chloromethylpivalate (654 mg, 4.34 mmol) was added.
The mixture was stirred at room temperature for 3 h
(TLC-control: dichloromethane/methanol, 9.5 : 0.5, R1=
0.60 for the main product) and the product was
precipitated by adding water (30 mL), filtered under
reduced pressure and dried at 70 0C. The crude product
was dissolved in a minimum of ethyl acetate (by
slightly heating) and purified by column
chromatography (eluent: petroleum ether/ethyl acetate,
1:1) affording 471 mg (79 % yield over two steps) of
{8-[(3,4-dimethoxyphenyl)ethynyl]-7-methyl-2,6-dioxo-1
- prop-2-ynyl-1,2,6,7-tetrahydro-3H-purin-3-yl}methyl
pivalate as a colorless solid. To a solution of
{8-[(3,4-dimethoxyphenyl)ethynyl]-7-methyl-2,6-dioxo-1
-prop-2-ynyl- 1,2,6,7-tetrahydro-3A7-purin-3-yl}methyl
pivalate (471 mg, 0.98 mmol) in a 4:1 mixture of dry
tetrahydrofurane and methanol (20 mL) was added
lithium hydroxide monohydrate (127 mg, 1.63 mmol). The
mixture was stirred at room temperature for 3 h
(TLC-control: dichloromethane/methanol, 9.5 : 0.5, Rf
= 0.40 for the product). Subsequently the solvent was
removed under reduced pressure, the remaining residue
was dissolved in water (30 mL) and acidified with
diluted hydrochloric acid. The precipitate was
filtered under reduced pressure, washed with water and
dried at 70 0C1yielding 334 mg (93 % yield for the
deprotection reaction) of the title compuond. Method D
This method begins with a starting material
5,6-diaminodihydropyrimidine derivative that carries
hydrogen on the 3-position (which will become the
1-position in the 



purine ring of the ultimate ethynylxanthine to be
synthesized). The starting material also carries a
non-hydrogen at the 1-position of the pyrimidine ring,
which will be the 3-position of the purine ring of the
ultimate product. In this method, the positions of the
ultimate xanthine compound are alkylated in the order
of first the 3-position, then the 7-position, then the
1-position. Thus in various embodiments, the method
contemplates introduction of the N-1 propargyl group
as a last step. An intermediate step is the
preferential alkylation of N-7 over N-1 , which
proceeds with few side products because of the much
higher nucleophilicity of N-7. This is illustrated in
the dimethylsulfate alkylation step in the following
scheme:The scheme illustrates first the introduction
(by incorporation into the starting material) of the
group R2 (ethyl in the illustration) at N-3 of the
xanthine ring; then the introduction of R3 (methyl in
the illustration) at position N-7 by selective
alkylation of the 7-position over the 1-position; and
finally introduction of the R1 group by alkylation of
the N-1 position, using propargyl bromide in the
illustration as the alkylating agent. Preparation of
3-(3,4-Dimethoxyphenyl)propynoic acid
(6-amino-1-ethyl-2,4-
dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)amide A mixture
of the 5,6-diamino-1-ethyluracil (2.47 g, 14 mmol),
3,4- dimethoxyphenylacetylecic acid (3 g, 14 mmol) and
EDC ((1-(3- dimethylaminopropyl)-3-ethyl-carbodiimid
hydrochloride; 2.5 g, 13 mmol) wasprepared in 150 ml
of methanol and stirred at room temperature for 1 h.
The precipitate was filtered under reduced pressure,
washed with a little methanol and dried at 6O0C
yielding 2.3 g (45 %) of a yellowish solid. Formation
of
8-(3,4-Dimethoxyphenylethynyl)-3-ethyl-3,7-dihydropuri
ne-2,6- dione To a stirred solution of
3-(3,4-dimethoxyphenyl)propynoic acid
(6-amino-1-ethyl-2,4-
dioxo-1,2,3,4-tetrahydropyrimidin-5-yl) amide (2.27 g,
6.3 mmol) in 12 ml of dry dimethylformamide was added
phosphorous pentaoxyde (5 g, 17 mmol). The mixture was
stirred at 100 0C for 10 min and cooled to room
temperature. The product was recipitated by adding
water (100 ml), filtered under reduced pressure,
washed thoroughly with water and dryed at 70 0C, light
yellow yielding 8-(3,4-
dimethoxyphenylethynyl)-3-ethyl-3,7-dihydro-purine-2,6
-dione (1.6 g, 74%). Preparation of
8-(3,4-Dimethoxyphenylethynyl)-3-ethyl-7-methyl-3,7-
dihydropurine-2,6-dione To a solution of
8-(3,4-dimethoxyphenylethynyl)-3-ethyl-3,7-dihydro-pur
ine-2,6-dione (1.52 g, 4.4 mmol) in 10 ml of
dimethylformamide (DMF) was added triethylamine (3 ml,
20 mmol) and dimethylsulfate (0.65 ml, 7 mmol). The
mixture was stirred at room temperature for 0.5 h. The
product was precipitated by addind water (40 ml),
filtered under reduced pressure, washed with water and
dried at 700C (310 mg, 20%).Synthesis of
8-(3,4-dimethoxyphenylethynyl)-3-ethyl-7-methyl-1-prop
-2-ynyl- 3,7-dihydropurine-2,6-dione To a mixture of
40 mg (0.1 1 mmol) of
8-(3,4-dimethoxyphenylethynyl)-3-ethyl-7-
methyl-3,7-dihydropurine-2,6-dione and potassium
carbonate (75 mg, 0.5 mmol) in dimethylformamide (3
ml) were added propargyl bromide (0.4 mmol, 80 % in
toduene). The solution was stirred at room temperature
for 1 h (TLC-control: dichloromethane/nnethanol, 9.5 :
0.5). The product was precipitated by addition of
water (30 ml), filtered under reduced pressure, was
washed with water and dried at 70 C. Further
purification was achieved by column chromatography on
silica gel (eluent: CH2Clz/methanol, 9.5:0.5) and
subsequent crystallization from dichlorometha
pe/petroleum ether. Method E The 8-ethynyl xanthines
can also be made using Sonogashira coupling of a
primary alkyne and a halogenated aryl group, as
described in Firth et al., Tetrahedron Lett. 47, 2006,
3529-3533. According to this scheme, substitution
groups are added to a xanthine skeleton at the 1-, 3-,
7-, and 8- positions in a strategic order to take
advantage of the relative nucleophilicity of the
positions. In a preferred embodiment, a 3-substituted
xanthine is first brominated at the 8- position,
followed by an alkylation at the 7-position to give a
3,7-disubstituted 8- bromoxanthine intermediate. The
intermediate is reacted with an acetylene containing
one active hydrogen and a protecting group PG at the
position of the other acetylenic hydrogen. Following
removal of the protecting group, this provides an
8-ethynyl intermediate. The 8-ethynyl intermediate
undergoes Sonogashira coupling to provide an
8-arylethynyl intermediate, which can be subsequently
alkylated at position 1 (for example, with propargyl
bromide to introduce the 1-(2- propynyl) group) of the
xanthine ring to provide the ethynylxanthines
describedherein. Method E is illustrated in the
following scheme, where X is a suitable leaving group
such as Br and OTf1and preferably I: A suitable
protecting group is an "acetone" group, as illustrated
in the following scheme:Method F In method F,
synthesis starts with a i-substituted-6-aminouracil
that is prepared by reaction of an N-substituted urea
with cyanoacetic acid according to well known
procedures. The substituent at the 1-position of the
uracil will become the 3- position of the xanthine
ring at the end of the synthesis. One example of a
method F synthesis is given in Figure 8, where the
substituent is ethyl for illustration. In practice,
the substituent can be any of the groups R defined
above that do not interfere with the protecting and
synthetic reactions described herein. The 6-amino
group of the 1-substituted-6-amino uracil is then
protected, for example using dimethylformamide
dimethyl acetal (DMF DMA) as shown in Figure 8. Then
the protected uracil is alkylated at the 3-position.
The 3-position of the uracil will become the
1-position of the xanthine. Suitable alkylating groups
include those that result in incorporation of groups
R1 described above. In Figure 8, in illustrative
fashion, propargyl bromide is used to alkylate the
amino-protected uracil to incorporate a 2-propynyl
group at position 3 of the uracil. Then the 6-amino
group is deprotected, and an amino group is introduced
at the 5- position of the uracil. In an embodiment
illustrated in Figure 8, the 6-amino isdeprotected
before adding a n amino group at the 5-position,
illustratively by pitrosation followed by reduction of
the nitroso group to a n amino group. At this stage of
the synthesis, a 5,6-diamino-1,3-disubstituted uracil
has been formed, which is then subjected to further
synthetic steps to form the 8-ethynyl xanthines. For
example, the 5,6-diamino-1,3-disubstituted uracil is
reacted with a 3-substituted propynoic acid according
to to make an open chain compound that is then ring
closed to form the 8- ethylxnthines. In the scheme
above, R4 has the meaning given above; in Figure 8 ,
R4 is illustrated as 3,4-dimethoxyphenyl so that the
product of ring closure is compound 11 of the Tables.
Further detail of the reactions in Figure 8 is now 



provided. Preparation of
N'-(3-Ethyl-2,6-dioxo-1-prop-2-ynyl-1,2,3,6-tetrahydro
pyriminin- 4-yl)-N,N-dimethylformamidine I 2
((ccaatt..)) A mixture of 6-Amino-1-ethyluracil (6.6 g
, 4 3 mmol) in dimethylformamide (DMF, 2 0 ml) and
dimethylformamide dimethyl acetal (DMF DMA, 8.5 ml, 6
3 mmol) was heated at 4 0 0C for 2 h . After a
complete conversion was indicated by
TLC-control(dichloromethane/ methanol 9:1) the excess
of DMF DMA (b.p.: 104 0C) was evaporated under reduced
pressure (70 C/150 mbar). Subsequently the residue was
diluted with acetonitrile (50 ml) and K2CO3 (6.5 g, 47
mmol), 6 ml of propargyl bromide (80 % in toluene, 54
mmol) as well as a catalytic amount of iodine (200 mg)
were added. The mixture was heated at 80 0C for 4 h
until a complete conversion could be observed by TLC
(dichloromethane/methanol = 9 : 1). Subsequently
volatile components were removed under reduced
pressure (70 "C, 25 mbar). The product was
precipitated by adding water, filtered under reduced
pressure, washed with water and directly used for the
next step. Preparation of
6-Amino-1-ethyl-3-prop-2-ynyl-1W-pyrimidine-2,4-dione
(6- Amino-1 -ethyl-3-propargyluracil) The crude
N'-(3-ethyl-2,6-dioxo-1-prop-2-ynyl-1
,2,3,6-tetrahydropyriminin-4-yl)-N,Ndimethylformamidin
e was suspended in 60 ml of a 33 % solution of
methylamine in ethanol and stirred at room temperature
for approx. 12 h until a complete cleavage of the
protecting group could be observed by TLC-control
(dichloromethane/methanol = 9 : 1). Subsequently
methylamine and the solvent were evaporated under
reduced pressure. The residue was treated with water
and the product was filtered under reduced pressure
and dried at 70 0C (yield: 5 g, 6 1 % over 3 steps).
1H NMR (500 MHz, DMSO-Cf6): d 1.10 (t, J = 7 Hz,
3H1CH2CH3), 2.96 (t, J = 2.5 Hz, 1H, SCH)13.83 (q, J =
7 Hz, 2H, CH2CH3), 4.43 (d, J = 2.5 Hz, 2H, CCH2),
4.68 (s, 1H, C5H), 6.91 (s, 2H, NH2) ppm; 13C NMR (125
MHz, DMSO-d6): d 13.2 (CH3) , 29.3 ( CCH2) , 37.3
(CH2CH3), 72.3 (CH), 74.8 (SCCH2), 80.3 (C5), 150.7
(C6), 154.6 (C2), 160.2 (C4) ppm.Preparation of
6-Amino-1
-ethyl-5-nitroso-3-prop-2-ynyl-1/Y-pyrimidine-2,4-
dione (6-Amino-1-ethyl-5-nitroso-3-propargyluracil) A
solution of 6-amino-1-ethyl-3-propargyluracil (5 g, 26
mmol) in 75 ml of 50 % acetic acid was heated at 50-60
0C. Subsequently sodium nitrite (2.5 g, 36 mmol) was
added in small portions over a period of 5 min. The
end of the reaction was indicated by the formation of
brown nitric gases. The deep violet solution was
highly concentrated under reduced pressure. The
remaining violet crystals were was suspended in a
minimum of water, cooled to 4 0C, filtered under
reduced pressure, washed with methanol and dried at 70
0C. Yield: 5 g (87 %). 1H NMR (500 MHz, DMSO-Cf6): d
1.12 (t, J = 7 Hz, 3H, CH2CH3) , 3.15 (t, J = 2.5 Hz,
1H, CH), 3.89 (q, J = 7 Hz, 2H, CH2CH3), 4.63 (d, J =
2.5 Hz, 2H, CCH2) , 9.21 (br s, 1H), 13.04 (s, 1H)
ppm; 13C NMR (125 MHz, DMSO-Cf6) : d 12.1 (CH3), 30.4
(CCH2) , 37.0 (CH2CH3), 73.5 (CH), 79.2 (CCH2) , 139.1
(C5), 145.4 (C6), 148.5 (C2), 159.4 (C4) ppm.
Formation of
5,6-Diamino-1-ethyl-3-prop-2-ynyl-1H-pyrimidine-2,4-di
one (5,6-Diamino-1-ethyl-3-propargyluracil)A solution
of d-amino-i-ethyl- -nitroso-S-propargyluracil (5 g,
23 mmol) in a mixture of 25 ml of 25 % NH3 solution
and 25 ml of water was heated to 60 "C. At this
temperature, sodium dithionite (ca 7 g , 40 mmol) was
added until the original redviolet color of the
solution disappeared. The resulting yellowish solution
was concentrated under reduced pressure, saturated
with sodium chloride and extracted with
dichloromethane (3 times with 75 ml each). The
combined organic extracts were dried over MgSO4,
filtered and evaporated under reduced pressure
affording 4.2 g of a colorless solid (yield: 90 %).
The resulting oxidation sensitive 5,6-diamino-
1-ethyl-3-propargyluracil was used immediately for the
next step. Preparation of
3-(3,4-Dimethoxyphenyl)propynoic acid
(6-amino-1-ethyl-3- prop-2-ynyl-2,4-dioxo-1
,2,3,4-tetrahydropyrimidin-5-yl) amide A mixture of
the 5,6-diamino-1-ethyl-3-propargyluracil (4.2 g, 20
mmol), 3,4-dimethoxyphenylacetylencarboxylic acid (4.2
g, 20 mmol) and EDC
((1-(3-dimethylaminopropyl)-3-ethyl-carbodiimid
hydrochloride; 4.2 g, 22 mmol) in methanol (100 ml)
was stirred at room temperature for 2 h. The colorless
product was precipitated by adding water (ca. 150 ml),
filtered under reduced pressure, washed thoroughly
with ether (TLC-control indicated the purity of the
product; eluent: dichloromethane/methanol 9 : 1) and
dried at 60 0C. Yield: 6 g (76 %). Formation of
8-(3,4-Dimethoxyphenylethynyl)-3-ethyl-1
-prop-2-ynyl-3,7- dihydropurine-2,6-dioneTo a solution
of 3-(3,4-dimethoxyphenyl)propynoic acid
(6-amino-1-ethyl-3-prop-2-
ynyl^-dioxo-i^.a^-tetrahydro-pyrimidin- -yOamide (3.2
g, 8.0 mmol) in 15 ml of dry dimethylformamide was
added phosphorous pentoxide (6 g). The mixture was
stirred at 100 0C for 10 min and subsequently cooled
to room temperature. The product was precipitated by
adding water (ca. 100 ml), filtered under reduced
pressure, washed thoroughly with water and dried at 70
0C, yielding light yellow 8-
(3,4-dimethoxyphenylethynyl)-3-ethyl-1-prop-2-ynyl-3,7
-dihydro-purine-2,6-dione (2.5 g , 82 %). Synthesis of
8-(3,4-dimethoxyphenylethynyl)-3-ethyl-7-methyl-1-prop
-2-ynyl- 3,7-dihydropurine-2,6-dione A mixture of 2.0
g (5.3 mmol) of
8-(3,4-dimethoxyphenylethynyl)-3-ethyl-1-prop-2-
ynyl-3,7-dihydropurine-2,6-dione, potassium carbonate
(0.83 g, 6 mmol) and methyl iodide (0.6 ml, 10 mmol)
in dimethylformamide (20 ml) was stirred at room
temperature for 0.5 h (TLC-control:
dichloromethane/methanol, 9.5 : 0.5). The product was
precipitated by addition of water (100 ml), filtered
under reduced pressure, was washed with water and
dried at 70 C. Further purification was achieved by
column chromatography on silica gel (eluent:
dichloromethane/methanol, 9.5:0.5) and subsequent
crystallization from dichloromethane/petroleum ether.
Yield: 1.76 g , 80 % (crude product); m.p.: 221.5
0C.General Formation of
8-(Arylethynyl)-3-ethyl-7-methyl-1 -prop-2-ynyl-3,7-
dihydropurine-2,6-diones Further
8-(arylethynyl)-3-ethyl-7-methyl-1-prop-2-ynyl-3,7-dih
ydropunne-2,6-diones are synthesized analogously to
the above described process using 5,6-diamino-1-
ethyl-3-propargyluracil and the corresponding
arylacetylenic acid as starting materials. See
following sceeme:Starting Substances: 



If the production of the starting compounds is not
described, the latter are known or can be produced in
a way that is similar to known compounds or processes
that are described here. 5,6-Diaminodihydropyrimidine
derivatives: wherein X1, X2 and R1 are defined as
mentioned above - for example 5,6-diamino-3-
propargyluracil - can be synthesized as described in
the literature (Muller, Tetrahedron Lett., 1991, 32,
6539; Muller et al., J. Med. Chem., 1997, 40, 4396,
herein incorporated by reference). 1,3-Disubstituted
5,6-diaminouracils are synthesized as previously
described (e.g. Muller et al., J. Med. Chem. 1993, 36,
3341, herein incorporated by reference). Another
5,6-diaminouracil is given by where X1, X2, and R2 are
defined herein. This starting material is preferred
for synthetic method D described above.Another
starting material is substituted carboxylic acids:
wherein Y1, Y2 and R4 are defined as mentioned above.
The substituted carboxylic acids can for example be
synthesized as described below (method 1, 2 and 3). In
method 1 alkynes are treated with butyl lithium at low
temperatures followed by quenching with CO2. In method
2 carboxylic acids containing a double bond in the
a-position are brominated followed by
dehydrohalogenation leading to the formation of a
triple bond. Method 3 uses a Wittig reaction starting
from the aldehydes to yield the target acetylene
carboxylic acids. Phenylacetylenecarboxylic acid is
commercially available. Other arylacetylenecarboxylic
acids can e.g. synthesized as follows: Method 1 Method
2 Method 3 wherein R4 is an optionally substituted
aryl as mentioned above (see definition of R4 for
further explanation of the possible
substituents).Method 1): Starting material:
arylacetylene. Lithiation of the arylacetylene at low
temperatures and reaction of the intermediate with
solid carbon dioxide. Method 2) Starting material:
cinnamic acid. Bromination of cinnamic acid and
dehydrohalogenation with a strong base (e.g. potassium
hydroxide). Method 3) Starting material: aldehyde.
Reaction with special Wittig-like reagents and
subsequent catalysed elimination reaction with a base.
All three methods are known to the skilled person in
the art. For the herein described compounds, method 1
and 2 were used. Synthesis 1 of
S^-dimethoxyphenylacetylenecarboxylic acid:
(b)Synthesis 2 of
S^-dimethoxyphenylacetylenecarboxylic acid: l . The
present invention is illustrated by the following
non-limiting examples. Examples
5,6-Diamino-3-prop-2-ynyl-1H-pyrimidine-2,4-dione:
were prepared as described in the literature (Muller,
Tetrahedron Lett., 1991, 32, 6539; Muller et al., J.
Med. Chem., 1997, 40, 4396, Hockemeyer et al., 2004,
J. Org. Chem. 69, 3308). These documents are herein
incorporated by reference. 3-Arylpropynoic acids: were
prepared as described in the literature. In the
synthetic schemes below, Ar stands for an aryl group,
such as a substituted phenyl group. Preparation of
3-Arylpropynoic acid 6-amino-2,4-dioxo-3-prop-2-ynyl-1
,2,3,4- tetrahydropyrimidin-5-yl amides (according to
method A) A mixture of 3 mmol of the corresponding
3-arylpropynoic acid, 3 mmol of freshly prepared
5,6-diamino-3-prop-2-ynyl-1H-pyrimidine-2,4-dione and
3.2 mmol of (3-dimethylaminopropyl)ethylcarbodiimide
hydrochloride (EDC) in 40 mL of methanol was stirred
for 5 h at room temperature. The precipitate was
filtered under reduced pressure and washed with 40 mL
of methanol and dried at 70 0C.TLC analysis (eluent:
CH2CI2 : methanol = 5:1 or 7:1) of the products showed
two spots indicating two stable tautomers which can
also be observed in the NMR spectra. Preparation of
3-arylpropynoic acid
6-amino-1-methyl-2,4-dioxo-3-prop-2-ynyl-
1,2,3,4-tetrahydropyrimidin-5-yl amides (according to
method A) A solution of 1.5 mmol of the N 1
unsubstituted 3-arylpropynoic acid 6-amino-2,4-
dioxo-3-prop-2-ynyl-1 ,2,3,4-tetrahydropyrimidin-5-yl
amide, 2 mmol of dry potassium carbonate and 5 mmol of
methyl iodide in 5 ml. of dry DMF was stirred at room
temperature until no further starting material could
be detected by TLC (eluent: CH2Cl2/methanol, 7 :1).
The TLC analysis showed two spots for the product
tautomers. The product was precipitated by adding 40
mL of water, filtered under reduced pressure, washed
with 50 mL of water and dried al 7O0C. Formation of
8-arylethynyl-1-prop-2-ynyl-3,7-dihydropurine-2,6-dion
es and 8-
arylethynyl-3-methyl-1-prop-2-ynyl-3,7-dihydropurine-2
,6-diones (according to method A) To a solution of 1
mmol of the corresponding 3-arylpropynoic acid
6-amino-2,4-
dioxo-3-prop-2-ynyl-1,2,3,4-tetrahydropyrimidin-5-yl
amide or of the N1-methylated derivative in 5 mL of
DMF was added phosphorous pentoxide (ca. 1.2 g, 8
mmol) under stirring. The stirred mixture was heated
at 1000C for 5 min and cooled toroom temperature. The
product was precipitated by adding water (30 mL),
filtered under reduced pressure, washed thoroughly
with water and dried at 700C. Methylation of
8-Arylethynyl-3-methyl-1-prop-2-ynyl-3,7-dihydropurine
-2,6- diones to 8-Arylethynyl-3,7-dimethyl-1
-prop-2-ynyl-3,7-dihydropurine-2,6- diones (according
to method A) A suspension of 1 mmol of the
corresponding 8-arylethynyl-3-methyl-1-prop-2-ynyl-
3,7-dihydropurine-2,6-dione, K2CO3 (4 mmot) and 3 mmol
of methyl iodide in DMF (20 mL) was stirred at room
temperature for 0.5 h (TLC control: eluent CH CI
/methanol, 9.5:0.5). Subsequently the product was
precipitated by adding water (50 mL), filtered off
under reduced pressure, washed with water (150 mL) and
dried at 7O0C. Further purification was achieved by
column chromatography on silica gel (eluent:
ChkCb/methanol, 9.5:0.5) and/or recrystallization from
dichloromethane/petroleum ether.
3,7-Dimethyl-8-(3-nitrophenylethynyl-1-prop-2-ynyl-3,7
-dihydropurine-2,6- dione For purification (Method A)
the crude product was entirely dissolved in
chloroform, crystallized by adding ether, filtered
under reduced pressure and washed with ether: light
yellow crystals (yield 85 %), m.p. 286-289 0C
(dec).Alkylation of
8-(3-Methoxyphenylethynyl)-3-methyl-1-prop-2-ynyl-3,7-
dihydropurine-2,6-diones to
7-Alkyl-8-(3-methoxyphenylethynyl-3-methyl-1- 



prop-2-ynyl-3,7-dihydropurine-2,6-diones (according to
method A) General procedure: To a suspension of 0.1
mmol of the corresponding 8-(3-
Methoxyphenylethynyl)-3-methyl-1-prop-2-ynyl-3,7-dihyd
ro-purine-2,6-dione and K2CO3 (0.5 mmol) in 3 ml_ of
DMF were added 0.3 mmol of the corresponding alkyl
halogenide. The mixture was stirred at room
temperature until no further starting material could
be observed by TLC analysis (eluent:
dichloroethane/methanol, 9.5:0.5). Subsequently the
product was precipitated by adding water (25 ml_),
filtered under reduced pressure and dried at 70 0C.
Further purification was achieved by column
chromatography on silica gel (eluent: Ch^C^/methanol,
9.5:0.5) and/or recrystallization from
dichloromethane/petroleum ether. Examples: see
following table.Methylation of
8-Arylethynyl-1-prop-2-ynyl-3,7-dihydropurine-2,6-dion
es to 8-
Arylethynyl-3,7-dimethyl-1-prop-2-ynyl-3,7-dihydropuri
ne-2,6-diones (according to method B) A suspension of
0.5 mmol of the corresponding
8-arylethynyl-1-prop-2-ynyl-3,7-
dihydropurine-2,6-dione, K2CO3 (4 mmol) and 3 mmol of
methyl iodide in DMF (15 mL) was stirred at room
temperature for 0.5 h (TLC control: eluent
Ch^Cb/methanol, 9.5:0.5). Subsequently the product was
precipitated by adding water (50 mL), filtered under
reduced pressure, washed with water (150 mL) and dried
at 700C. Further purification was achieved by column
chromatography on silica gel (eluent CH2Cl2/methanol,
9.5:0.5) and subsequent recrystallization from
dichloromethane/petroleum ether as described above
Other
1-Alkyl-8-arylethynyl-3,7-dimethyl-3,7-dihydropurine-2
,6-diones (according to the method described above)
Other
1-alkyl-8-arylethynyl-3,7-dimethyl-3,7-dihydropurine-2
,6-diones bearing methyl, allyl, ethyl, propyl, butyl
or cyclobutylmethyl substituents on the N1 position of
the xanthine ring system were prepared analogously to
the above mentioned procedures.Preparation of
8-(3-Hydroxyphenylethynyl)-3,7-dimethyl-1
-prop-2-ynyl-3,7- dihydropurine-2,6-dione To a
solution of 100 mg (0.28 mmol)
8-(3-methoxyphenylethynyl)-3,7-dimethyl-1-
prop-2-ynyl-3,7-dihydropurine-2,6-dione in
dichloromethane ( 25 mL) was added boron tribromide
(0.5 mL, 5.3 mmol) at room temperature. After a few
minutes precipitation of a yellow solid could be
observed. The suspension was stirred for 0.5- 1 h at
room temperature until no starting material could be
detected by TLC analyses (eluent:
dichloromethane/methanol, 9.5:0.5). After hydrolysis
with concentrated NaHCO3 solution (50 mL) the
dichloromethane was removed under reduced pressure.
The precipitate was filtered under reduced pressure,
washed with water, dried at 7O0C and purified by
column chromatography on silica gel (eluent:
dichloro-methane/methanol, 9.5:0.5 or 9:1): colorless
crystals (yield: 76 %), m.p. 271C.Alkylation of
8-(3-Hydroxyphenylethynyl)-3,7-dimethyl-1-prop-2-ynyl-
3,7- dihydropurine-2,6-dione General procedure: To a
suspension of
8-(3-hydroxyphenylethynyl)-3,7-dimethyl-1-
prop-2-ynyl-3,7-dihydropurine-2,6-dione (0.1 mmol) and
K2CO3 (0.5 mmol) in 3 mL of DMF were added 0.12-0.4
mmol of the corresponding alkyl halogenide. The
mixture was stirred at room temperature until no
further starting material could be observed by TLC
analysis (eluent: dichloromethane/methanol, 9.5:0.5).
Subsequently product was precipitated by adding water,
filtered under reduced pressure and dried at 7O0C
(unless otherwise noted, see following table). The
crude product was purified by column chromatography on
silica gel and subsequent recrystallization from
dichloromethane/petroleum ether. Examples: see
following table R5= as mentioned above.Acylation of
8-(3-Hydroxyphenylethynyl)-3,7-dimethyl-1-prop-2-ynyl-
3,7- dihydropurine-2,6-dione A mixture of 0.1 mmol of
8-(3-hydroxyphenylethynyl)-3,7-dimethyl-1-prop-2-ynyl-
3,7-dihydropurine-2,6-dione and 0.5 mL acetic
anhydride was heated under reflux for 15 min..
Subsequently the mixture was hydrolyzed with
concentrated NaHCCV solution (50 mL) and the product
was extracted with dichloromethane. The organic
extracts were dried over MgSO4 and filtered and
concentrated under vacuum. The crystalline residue was
treated with ether and filtered under reduced pressure
yielding
8-(3-acetoxyphenylethynyl)-3,7-dimethyl-1-prop-2-ynyl-
3,7-dihydropurine- 2,6-dione: colorless crystals
(yield > 95 %), m.p.
2380C.8-Arylethyny-3-(3-hydroxypropyl)-7-methyl-1-prop
-2-ynyl-3,7-dihydropurine- 2,6-diones A mixture of the
corresponding 3-arylpropynoic acid
6-amino-2,4-dioxo-3-prop-2-
ynyl-1,2,3,4-tetrahydropyrimidin-5-yl amide ( 1 mmol),
250 mg K2CO3 (1.8 mmol), 4 ml. of dry DMF and acetic
acid-3-iodopropyl ester (0.8 g, 3.5 mmol) was stirred
at room temperature until no starting material could
be detected by TLC-analysis (CH2CI2 : MeOH = 7:1).
After reaction times of ca. 16-20 h 30 mL of brine was
added and the mixture was extracted five times with 50
mL of CH2CI2 each. The combined organic extracts were
dried over MgSO4, filtered and concentrated under
vacuum (the residue at least under 20 mbar at 60-700C
in order to remove traces of water). The DMF
containing oily residue was dissolved in additional 5
mL of DMF and treated withan excess of phosphorus
pentoxide (ca. 1 g). The mixture was heated for 5 min
under stirring at 1000C, cooled to room temperature
and diluted with water (ca. 30 ml). In some cases the
addition of diethyl ether (5-10 ml) was advantageous
in order to dissolve unreacted alkyl iodide. The
precipitate was filtered under vacuum, washed with
water (ca. 150 ml) and dried at 7O0C or directly
suspended in 8 mL of DMF and methylated with methyl
iodide (0.5 ml) in the presence of K2CO3 (100 mg).
After reaction times of less than 0.5 h (TLC-control,
CH2CI2 : MeOH = 9:1) the product was precipitated by
adding water (ca. 30 ml), filtered under vacuum, and
washed with water. The precipitate was directly
dissolved in a mixture of methanol (10 ml) and KOH
(0.5 g) and refluxed for 0.5 h. After cooling to room
temperature, the product was precipitated by adding
water (ca. 30 ml), filtered under reduced pressure,
washed with water (ca. 100 ml) and dried at 700C.
Further purification was achieved by column
chromatography on silica gel (CH2CI2 : MeOH = 9:1) and
subsequent recrystallization from CH2CI2/petroleum
ether. Alkylation of 8-[(3,4-Dimethoxyphenyl)ethynyl]-
and 8-[(3-Methoxyphenyl)
ethynyl]-7-methyl-1-prop-2-ynyl-3,7-dihydropurine-2,6-
dione Derivatives General Procedure: To a mixture of
the corresponding 8-(phenylethynyl)-7-methyl-1-prop-2-
ynylxanthine derivative (0.1 mmol) and K2CO3 (0.5
mmol) in DMF (3.5 mL) 0.3 mmol of the alkylation
reagent was added. The mixture was stirred at room 



temperature or heated until a complete conversion
could be detected by TLC (TLC-control:
dichloromethane/methanol, 9.5:0.5). Subsequently the
product was precipitated by adding water (30 ml),
filtered under reduced pressure, washed with water and
dried at 700C. Finally the products were crystallized
from dichloromethane/petroleum ether, filtered under
reduced pressure and washedwith diethyl ether. A
further purification was achieved by column
chromatography on silica gel (eluent:
dichloromethane/methanol, 9.5:0.5). Examples: see
following tables.SOLID DISPERSION OF A NEUROKININ
ANTAGONIST The present invention relates to novel
pharmaceutical compositions comprising a neurokinin
antagonist, in particular an acylaminoalkenylene
amide. More specifically, the present invention
relates to a solid dispersion comprising (4R)-4-[N'-
methyl-N'-(3,5-bistrifluoromethyl-benzoyl)-amino]-4-(3
,4-dichlorobenzyl)-but-2-enoic acid
N-[(R)-epsilon-caproIactam-3-yl]-amide or a salt or
solvate thereof as pharmaceutical ingredient and a
carrier. Said pharmaceutical ingredient is also known
as N-[(R,.R)-(E)-1-
(3,4-dichlorobenzyl)-3-(2-oxoazepan-3-yl)
-carbamoyl]-allyl-N-methyl-3,5-bis
(trifluoromethyl)-benzamide and has the chemical
structure of formula I The compound of formula I,
especially the semihydrate thereof, is useful in the
treatment of a number of conditions associated with
neurokinins (substance P, neurokinin A, neurokinin B),
for example (i) functional motility disorders of the
viscera including those associated with visceral
hypersensitivity and/or altered motor responses
(including electrolyte/water secretion), for example
functional bowel disorders and functional
gastrointestinal disorders, such as irritable bowel
syndrome (IBS), constipation, diarrhoea, functional
dyspepsia, gastrooesophageal reflux disease,
functional abdominal bloating, and functional
abdominal pain, other conditions associated with
visceral hypersensitivity such as post-operative
visceral pain, visceral smooth muscle spasms, and
irritable bladder and other functional bowel disorders
(not necessarily associated with visceral
hypersensitivity or abnormal motor responses) as
described in international patent application WO
03/66062, or (ii) urinary bladder disorders such as
urinary incontinence, which may be for example, urge
incontinence, stress incontinence, mixed urge/stress
incontinence, or neurogenic incontinence (unstable
detrusor and detrusor hyperreflexia, decreased bladder
compliance, sensory urgency, bladder-related visceral
pain) as described in international patent application
WO 05/39563. The invention isof particular importance
for the treatment of irritable bowel syndrome (IBS),
especially diarrhoea- predominant IBS, and functional
dyspepsia (FD). A method for the preparation of the
compound of formula I is described in international
patent application WO 98/07694, the contents of which
are incorporated herein by reference. This compound
presents highly specific difficulties in relation to
administration generally and the preparation of
galenic compositions in particular, including in
particular problems of drug bioavailability and
variability in inter- and intra-patient dose response,
necessitating development of a non-conventional dosage
form with respect to the practically waterinsoluble
properties of the compound. It has now been found that
(4R)-4-[N'-methyl-N'-(3,5-bistrifluoromethyl-benzoyl)-
amino]-4- (3,4-dichlorobenzyl)-but-2-enoic acid
N-[(R)-epsilon-caprolactam-3-yl]-amide can be
formulated as a solid dispersion, giving an
advantageous physical and chemical stability and
superior bioavailability profile. In a first aspect
the present invention provides a solid dispersion
comprising (4R)-4-[N'- methyl-N'-
-bistrifluoromethyl-benzoyl -aminoJ - -dichlorobenzy
-but- -enoic acid
N-[(R)-epsiIon-caprolactam-3-yl]-amide or a
pharmaceutically acceptable salt or solvate thereof
and a carrier. The term "solid dispersion" as used
herein is understood to mean a system in a solid state
that comprises at least two components, wherein one
component is dispersed substantially evenly throughout
the other component or components. This includes solid
or glassy solutions i.e. the dispersion of the
components is such that the system is chemically and
physically uniform or homogenous throughout or
consists of one phase (as defined in thermodynamics).
A "solid dispersion" may comprise a co-precipitate or
co-melt of an active ingredient and a carrier medium,
wherein the active ingredient is dispersed
substantially evenly throughout the carrier system.
The active ingredient may be present in a glassy
amorphous state or in fine crystalline dispersed form.
It may be present as a mixture of amorphous and
crystalline forms. The term solid dispersion may also
encompass systems which consist of more than one
phase. That means the active ingredient may exist in
multiple phases such as a pure drug phase and/or in
drug rich phases and/or drug poor phase. In such
multi-phase systems there also may be phases without
drug existing. The term "solid dispersion" as used
herein also encompasses eutectic mixtures of the
active ingredient. Solid dispersions, including solid
or glassy solutions are well known and well documented
in theprior art, e.g. A. T. M. Serajuddin "Solid
Dispersion of Poorly Water-Soluble Drugs: Early
Promises, Subsequent Problems and Recent
Breakthroughs" J . Pharm. Sci. 88:1058-1066 (1999); C.
Leuner and J . Dressman "Improving drug solubility for
oral delivery using solid dispersions" European
Journal of Pharmaceutics and Biopharmaceutics 50:47-60
(2000) or Chou and Riegelman, J . Pharm. Sci. 60,
1281s. (1971). Throughout this specification and in
the claims that follow, unless the context requires
otherwise, the word "comprise", or variations such as
"comprises" or "comprising", should be understood to
imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of
any other integer or step or group of integers or
steps. The compound of formula I includes all
pharmaceutically acceptable isotopically-Iabelled
forms thereof wherein one or more atoms are replaced
by atoms having the same atomic number, but an atomic
mass or mass number different from the atomic mass or
mass number usually found in nature. Examples of
isotopes suitable for inclusion in the compounds of
the invention include isotopes of hydrogen e.g. 2H and
3H, carbon e.g. 1 1C, 13C and 1 C, chlorine e.g. 36Cl,
fluorine e.g. 18F, iodine e.g. 123I and 125I, nitrogen
e.g. 13N and 15N, oxygen e.g. 15O, 17O and 18O, and
sulfur e.g. 35S. Certain isotopically-Iabelled forms
of the compound of formula I, for example those
incorporating a radioactive isotope, are useful in
drug and/or substrate tissue distribution studies. The
radioactive isotopes tritium (3H) and carbon-14 (14C)
are particularly useful for this purpose in view of
their ease of incorporation and ready means of
detection. Substitution with heavier isotopes such as
deuterium (2H) may afford certain therapeutic
advantages that result from greater metabolic
stability, for example increased in vivo half-life or
reduced dosage requirements, and hence may be
preferred in some circumstances. Substitution with
positron emitting isotopes, such as 11C, 18F, 15O, and
13N can be useful in Positron Emission Topography
(PET) studies for examining substrate receptor
occupancy. Isotopically-Iabelled forms of the compound
of formula I can generally be prepared by conventional
techniques known to those skilled in the art or by
processes analogous to those described in the
accompanying examples using an appropriate
isotopically-Iabelled reagent in place of the
non-labelled reagent previously used. In a second
aspect the present invention provides a pharmaceutical
composition comprising 



of a solid dispersion, said solid dispersion
comprising
(4R)-4-[N'-methyl-N'-(3,5-bistrifluoromethyl-benzoyl)-
amino]-4-(3,4-dichlorobenzyI)-but-2-enoic acid
N-[(R)-epsiIoncaprolactam- 3-yl]-amide or a
pharmaceutically acceptable salt or solvate thereof
and a carrier. In a third aspect the present invention
provides a method of treating a subject suffering from
a disorder treatable with a neurokinin antagonist
comprising administering a therapeutically effective
amount of a pharmaceutical composition comprising a
solid dispersion, said solid dispersion comprising
(4R)-4-[N'-methyl-N'-(3,5-bistrifluoromethyl-benzoyl)-
amino]-4-(3,4- dichlorobenzyl)-but-2-enoic acid
N-[(R)-epsilon-caproIactam-3-yl]-amide or a
pharmaceutically acceptable salt or solvate thereof
and a carrier to a subject in need of such treatment.
In a fourth aspect the present invention provides a
method of treatment of a subject suffering from (i)
gastrointestinal disorders, especially
diarrhoea-predominant IBS and functional dyspepsia,
(ii) urinary bladder disorders, especially urge
incontinence, or (iii) respiratory diseases,
especially asthma comprising administering a
therapeutically effective amount of a pharmaceutical
composition comprising a solid dispersion, said solid
dispersion comprising
(4R)-4-[N'-methyl-N'-(3,5-bistrifluoromethyl-benzoyl)-
amino]-4-(3,4-dichlorobenzyl)-but-2- enoic acid
N-((R)-epsilon-caprolactam-3-yl]-amide or a
pharmaceutically acceptable salt or solvate thereof
and a carrier to a subject in need of such treatment.
The solid dispersion of the present invention may be
prepared by a number of methods. In a first method,
the drug substance or active ingredient is dissolved
in a solvent or a solvent mixture with one or more
carrier. Some or all excipients (e.g. anti-sticking
agents, inert filers, surfactants, wetting agents, pH
modifiers or additives) may also be present in the
solvent or solvent mixture dissolved or in a suspended
or swollen state. The resulting feed solution or
suspension may be dried by spray drying or by applying
a spray granulation process to form a solid
dispersion. The term spray drying refers to processes
which involve the atomization of the feed suspension
or solution into small droplets and rapidly removing
solvent from the mixture in a processor-chamber where
there is a strong driving force for the evaporation of
the solvents (i.e. hot dry gas or partial vacuum or
combinations thereof). The term spray granulation
refers to processes where the solvent solution or
suspension is sprayed onto suitable chemically and
physically inert filler, i.e. Lactose pray dried or
Mannitol using typically two-way or three-way
nozzles.In a second method, the feed solution or
suspension is atomized and dried in the processor
chamber of a spray dryer or a fluidized spray drier to
form primary particles which are subsequently
agglomerated in a fluid bed. In a third method, the
feed solution or suspension is dried by being atomized
into a processor chamber of a fluid bed-type processor
or a pan-coater which is charged with inert filler
material. During drying the filler becomes
agglomerated and/or coated and/or layered by the solid
dispersion. A bottom spray mode or a top spray mode
maybe used, preferably a bottom spray mode. In a
fourth method the solid dispersion is prepared by
melting the drug substance and/or the carrier.
Atomization and resodification of the molten
dispersion is done in a suitable fluid bed processor
(spray-congealing method). Alternatively a typical
melt-granulation process in a heatable high-shear
mixer is used. In a fifth method, the feed solution or
suspension is dried and/or dried and chopped down at
elevated temperature and/or partial vacuum for example
in a rotavapor-like processor or paddle dryer-type
processors. In a sixth method, solid dispersions are
prepared by melting the drug substance and/or the
carrier using a melt extruder. In a seventh method
solid dispersions are prepared by melting drug
substance and/or the carrier in presence of a filler
material wherein the particles are agglomerated and/or
coated using a melt extruder. In an eighth method
solid dispersions are prepared by dissolving the drug
substance using a solvent or a low melting material
(for example: a polymer, plasticizer, wax, surfactant)
and then mixing it into a carrier using a melt
extruder. In a ninth method solid dispersions are
prepared by dissolving the drug substance using a
solvent and drying it under reduced pressure, for
example by using sealing elements before and after a
vacuum port in the melt extruder. In a tenth method
solid dispersions are prepared by precipitation e.g.
by rapid mixing of the feed solution or suspension
with CO2, or any other
non-solvent/anti-solvent.Suitable solvents for the
solvent evaporation methods are alcohols such as
ethanol, methanol, n-propanol, iso-proponal and
butanol. Ketones such as acetone and methyl
ethylketone and various other solvents like methylene
chloride. Mixtures of these solvents may also be used.
The solvent or solvent mixture may also contain up to
40% water in order to increase the swelling of
selected polymeric carrier in the feed and thus to
finally optimize the dispersion grade of the product
(= solid dispersion). The solid dispersions of the
invention may be further processed into tablet, or
capsule form or may be processed into multiparticular
systems e.g. minitablets or pour-into mouth granulates
or oral powders for constitution. Another possibility
could be to disperse the solid dispersion in a
suitable diluent in combination with other excipients
(i.e. recrystallization/ precipitation inhibiting
polymers, taste-masking components etc.) to give a
ready-to-use suspension formulation for paediatric
treatment with limited in-use stability. In one
embodiment of the present invention there is provided
a solid dispersion comprising
(4R)-4-[N'-methyI-N'-(3,5-bistrifluoromethyl-benzoyl)-
amino]-4-(3,4-dichlorobenzyl)-but-2- enoic acid
N-[(R)-ersilon-caprolactam-3-yl]-amide or a
pharmaceutically acceptable salt or solvate thereof,
and a polymeric carrier as a carrier. Suitable
polymeric carriers include water-soluble polymers,
preferably a cellulose derivative such as
hydroxypropylmethylcellulose (HPMC),
hydroxypropylcellulose (HPC) or polyvinylpyrrolidone
(PVP) or copovidone (copolymer of
1-vinyl-2-pyrrolidone and vinyl acetate). Good results
may be obtained using HPMC with a low apparent dynamic
viscosity, e.g. from about 0.01 cps to about 100 cps
as measured at 200C for a 2% by weight aqueous
solution, e.g. from about 0.01 cps to about 50 cps,
preferably from about 0.01 cps to about 20 cps, for
example HPMC 3 cps. HPMC is well-known and described,
for example, in the Handbook of Pharmaceutical
Excipients, Second Edition, Pharmaceutical Society of
Great Britain and American Pharmaceutical Association,
1994, pages 229 to 232, the contents of which are
incorporated herein by reference. HPMC, including HPMC
3 cps, is available commercially under the trade mark
Pharmacoat(r) 603 from the ShinEtsu company. PVP is
available, for example, under the trade mark
Povidone(r) (Handbook of Pharmaceutical Excipients,
pages 392-399), and a PVP having an average molecular
weight between about 8,000 and about 50,000 Daltons is
preferred, e.g. PVP K30.Suitable polymer carriers also
include polymers which show a pH-dependant swelling
and thus may slow down or avoid drug release from the
solid dispersion in gastric environment but swell or
dissolve in intestinal juice. Examples of these
polymers that are applied for enteric coating of
tablets include the cellulose derivatives
hydroxyl-propyl methylcellulose 



acetate succinate (HPMCAS), e.g. Aqoat MF or HF and
hydroxypropylmethylcellulose phthalate (e.gHPMCP-.HP50
or HPMC-HP55). Suitable polymer carriers also include
a copolymer formed from monomers selected from the
group consisting of methacrylic acid, methacrylic acid
esters, acrylic acid and acrylic acid esters, e.g. as
those known and commercially available under the trade
mark Eudragit(r) from Rohm Pharma GmbH. An especially
preferred polymer is the 1:1 or 1:2 copolymer formed
from monomers selected from the group consisting of
methacrylic acid and methacrylic acid lower alkyl
esters, such as the 1:1 or 1:2 copolymer formed from
methacrylic acid and methyl methacrylate. The 1:1
copolymers are available under the trade mark
Eudragit(r) L, the 1:2 copolymers are available under
the trade mark Eudragit(r) S. A particularly preferred
polymer is the 1:1 copolymer of methacrylic acid and
the acrylic acid ethyl ester as known and commercially
available under the trade mark Eudragit(r)L 100-55.
The enteric polymers may also be used in combination
with polymers that are non-resistant against gastric
juice (e.g. HPMC or PVP) in order to allow to optimize
locally available drug concentrations in the GIT and
thus optimize the bioavailability. In another
embodiment the polymeric carrier comprises: (i)
hydroxypropylcellulose (HPC) or a derivative thereof.
Examples of HPC derivatives include those having low
dynamic viscosity in aqueous media, e.g. water, e.g.
from about 0.01 cps to abut 400 cps, e.g. from about
0.01 cps to about 150 cps as measured in a 2% aqueous
solution at 25C. Preferred HPC derivatives have a low
degree of substitution, and an average molecular
weight e.g. between about 5000 and about 200,000
Daltons, e.g. between about 50,000 and about 150,000
Daltons. Examples of HPC available commercially
include Klucel(r) LF, Klucel(r) EF and Klucel(r) JF
from the Aqualon company; and Nisso(r) HPC-L available
from Nippon Soda Ltd; (ii) a cyclodextrin, for
example, a beta-cyclodextrin or an alpha-cyclodextrin.
Examples of suitable beta-cyclodextrins include
methyl-beta-cyclodextrin; dimethyl-beta-cyclodextrin;
hyrdroxypropyl-beta-cyclodextrin;
glycosyl-beta-cyclodexterin; maltosyl-betacyclo-
dextrin; sulfo-beta-cyclodextrin; sulfo-alkylethers of
beta-cyclodextrin, e.g. sulfoC[l-4]-alkyl ethers.
Examples of alpha-cyclodextrins include
glucosyl-alphacyclodextrin and
maltosyl-alpha-cyclodextrin; (iii) a polyethylene
glycol (PEG). Examples include PEGs having an average
molecular weight between 1000 and 9000 Daltons, e.g.
between about 1800 and 7000, for example PEG 2000, PEG
4000 or PEG 6000 (Handbook of Pharmaceutical
Excipients, pages 355-361); (iv) a polymethycrylate
(not just gastric-resistant); and (v) a polyvinyl
alcohol polymer and co-polymers thereof with PVP or
other polymers. In another embodiment the carrier is a
non polymeric carrier comprising low molecular weight
substances which can form an amorphous glass such as
saccharoses e.g. mannitol, sorbitol or substances like
urea. The carrier may further comprise one or more
surfactants or wetting agents, for example a
non-ionic, ionic, anionic or amphoteric surfactant.
Examples of suitable surfactants/wetting agents
include polyoxyethylene-polyoxypropylene co-polymers
and block co-polymers known, for example, under the
trade marks Pluronic(r) or Poloxamer(r),
polyoxyethylenesorbitan- fatty acid esters including
mono- and tri-lauryl, palmityl, stearyl and oleyl
esters of the type known under the trade name
Tween(r), polyoxyethylene fatty acid esters including
polyoxyethylene stearic acid esters of the type known
under the trade name Myrj(r), poly oxyethylene alkyl
ethers known under the trade mark Brij(r), sodium
alkyl sulfates and sulfonates, and sodium alkyl aryl
sulfonates, water soluble tocopheryl polyethylene
glycol succinic acid esters (TPGS), polyglycerol fatty
acid esters, alkylene polyol ethers or esters,
polyethylene glycol glyceryl fatty acid esters,
sterols and derivatives thereof,_transesterified,
polyoxyethylated caprylic-capric acid glycerides,
sugar fatty acid esters, PEG sterol ethers,
phospholipids, salts of fatty acids, fatty acid
sulfates and sulfonates, salts of fatty acids, fatty
acid sulfates and sulfonates, medium or long-chain
alkyl, e.g. C -Ci , ammonium salts, bile acid or salt
thereof; for example cholic acid, glycolic acid or a
salt, e.g. sodium cholate and polyoxyethylene mono
esters of a saturated Cioto C22 fatty acid. In a
further embodiment, the present invention provides a
pharmaceutical composition comprising a solid
dispersion, said solid dispersion
comprising(4R)-4-[N'-methyl-N'-(3,5-bistrifluoromethyl
-benzoyl)-amino]-4-(3,4-dichlorobenzyl)-but-2-enoic
acid N-[(R)-epsiloncaproIactam- 3-yl]-amide or a
pharmaceutically salt thereof, a polymeric carrier and
a pH modifiers such as acids, bases or buffers which
may retard or enhance the swelling of the polymeric
carrier in the GIT and thus may allow to target the
drug release into the desired location. In addition
conventional additives such as fillers, disintegrants,
anti-oxidants, binders or anti-sticking agents may be
part of the solid dispersion itself. When these
additives are included as part of the dispersion they
may be dissolved or suspended or mixed into the feed
from which the solid dispersion is formed or
alternatively be used as starter material (filler) in
e.g. pan-coaters or fluid bed processors. Suitable pH
modifiers include but are not limited to citric acid.,
lactic acid succinic acids and bases like sodium
acetate, calcium oxide, sodium hydroxide and buffer
systems. Suitable filler (or diluent) materials
include but are not limited to, water-soluble or
waterinsoluble compounds such as lactose, sucrose,
amylose, dextrose, mannitol and inositol, xylitol,
microcrystalline cellulose, but preferably lactose,
mannitol or microcrystalline cellulose.
Microcrystalline cellulose is available commercially
under the trade mark Avicel(r), Pharmacel(r),
Emcocell(r), Vivapur(r), preferably Avicel(r),
available e.g. from FMC Corporate (Handbook of
Pharmaceutical Excipients, pages 84-87). The fillers
may also be used in form of rough more or less spheric
particles like beads or pellets ; Cellets(r), ,
Celsphere(r) which are preferred starting materials
for coating and layering technology. Suitable filler
and antisticking agents also include colloidal Slicon
Dioxide like Aerosil(r)200 or Talc. Examples of
pharmaceutically acceptable disintegrants include, but
are not limited to, starches; clays; celluloses;
alginates; gums; cross-linked polymers, e.g.
cross-linked polyvinyl pyrrolidone or crospovidone,
e.g., POLYPLASDONE XL from International Specialty
Products (Wayne, NJ); cross-linked sodium
carboxymethylceliulose or croscarmellose sodium, e.g.,
AC-DI-SOL from FMC; and cross-linked calcium
carboxymethylceliulose; soy polysaccharides; and guar
gum. The pharmaceutical compositions of the present
invention may include additional excipients that are
commonly employed in the preparation of dosage forms,
such as disintegrants, lubricants, glidants, binders
and fillers. Examples of pharmaceutically acceptable
lubricants and pharmaceutically acceptable glidants
include, but are not limited to, colloidal silica,
magnesium trisilicate, starches, talc, tribasic
calcium phosphate, magnesium stearate, aluminium
stearate, calcium stearate, magnesiumcarbonate,
magnesium oxide, polyethylene glycol, powdered
cellulose, glyceryl behenate, stearic acid,
hydrogenated castor oil, glyceryl monostearate, and
sodium stearyl fumarate. Examples of pharmaceutically
acceptable binders include, but are not limited to,
starches; celluloses and derivatives thereof, e.g.,
microcrystalline cellulose, e.g., AVlCEL PH from 



FMC (Philadelphia, PA), hydroxypropyl cellulose
hydroxylethyl cellulose and hydroxylpropylmethyl
cellulose METHOCEL from Dow Chemical Corp. (Midland,
MI); sucrose; dextrose; corn syrup; polysaccharides;
and gelatin. Examples of pharmaceutically acceptable
fillers and pharmaceutically acceptable diluents
include, but are not limited to, confectioner's sugar,
compressible sugar, dextrates, dextrin, dextrose,
lactose, mannitol, microcrystalline cellulose,
powdered cellulose, sorbitol, sucrose and talc. The
pharmaceutical compositions of the present invention
may further include additives or ingredients, such as
antioxidants (e.g. ascorbyl palmitate, butyl hydroxy
anosole (BHA), butyl hydroxy toluene (BHT),
tocopherols, propyl gallate and fumaric acid),
antimicrobial agents, enzyme inhibitors, stabilizers
(e.g. malonic acid), and/or preserving agents. The
active ingredient may be present in an amount by
weight of the composition of about 0.01% to about 80%;
for example, in an amount by weight of about 0.01% to
about 80%, 0.1% to about 70%, such as 1%% to 60%, for
example 2%, 5%, 10%, 20%, 30%, 40%, 50%, or 60%. In
the solid dispersion according the invention the
weight ratio carrieppharmaceutical ingredient (i.e.
(4R)-4-[N
-methyl-N'-(3,5-bistrifluoromethyl-benzoyl)-amino]-4-(
3,4- dichlorobenzyl)-but-2-enoic acid
N-[(R)-epsilon-caprolactam-3-yl]-amide or a salt or
solvate thereof) is 1:0.01 to 1:0.8, preferably 1:0.2
to 1:0.8. The carrier, preferably polymeric carrier
may be present in an amount from about 0.1% to 99.99%
by weight of the composition. When a plasticizer or
surfactant is present, it may generally be present in
an amount of from about 0.01% to about 50%, for
example from about 1% to about 30% by weight, e.g. 5%
to 20% by weight of the composition.When a
disintegrant is present in the pharmaceutical
composition, it may be generally be present in an
amount from about 1% to about 30% by weight of the
composition, from about 5 % to about 10% to about 20%
by weight of the composition. When a filler is
present, it may generally be present in an amount of
from about 0.01 to about 99% by weight of the
composition, e.g. from about 0.5 to about 70% by
weight, such as about 30%, 40% or 50% to about 60% by
weight of the composition. When a lubricant is present
, it may generally be present in amounts from about
0.1% to about 5% by weight of the composition;
whereas, the glidant, e.g., may be present in an
amount from about 0.1% to about 10% by weight of the
composition. When additives, for example antioxidants,
are present they may generally comprise about 0.05-5%,
preferably 0.05-1% by weight of the composition. When
pH modifying agents is present they may generally
comprise about 0.05-20% by weight of the composition.
When required, the solid dispersions of the invention
are preferably compounded in unit dosage form, e.g. as
a tablet, a capsule or a multiparticulate system such
as granules or granulates or a powder, for
administration. Where the composition is in unit
dosage form, each unit dosage will suitably contain
from 0.1 and 150 mg active agent, for example 0.1 mg,
1 mg, 5 mg, 10 mg, 15 mg, 25 mg, 50 mg, or 100 mg,
e.g. between 5 and 100 mg of the active agent. Such
unit dosage forms are suitable for administration 1 to
5 times daily depending upon the particular purpose of
therapy, the phase of therapy and the like.
Multiparticulate systems (i.e. minitablets) have shown
to further reduce the amounts of typically highly
hygroscopic disintegrants needed (with respect to
their larger surface area) and may therefore have the
potential of higher physical stability with respect to
lower water uptake properties compared to monolithic
dosage forms. The dosage form used, e.g. a tablet,
minitablets, beads, pellets, granules, granulates or
powder may be coated, for example using an enteric
coating. Suitable coatings may comprise but are not
limited to cellulose acetate phthalate;
hydroxypropylmethylcellulose phthalate; a
polymethyacrylic acid copolymer, e.g. Eudragit L or
Eudragit S; or hydroxyl-propyl methylcellulose acetate
succinate, e.g. Aqoat MF or HF.Unit doses of the
pharmaceutical composition of the invention are
preferably compartmentalised in a suitable blister
pack to avoid moisture uptake inducing crystal
formation and negatively affecting the stability of
the composition generally. This is particularly
important when the composition contains hydroscopic
substances such as certain disintegrants. The
pharmaceutical compositions of the invention exhibit
especially advantageous properties when administered
orally; for example in terms of consistency and high
level of bioavailability obtained in standard
bioavailability trials. Such trials are performed in
animals, e.g. rats or dogs or healthy volunteers using
chromatographic methods, e.g. HPLC. The invention is
illustrated in the following non-limiting
examples.EXAMPLES In these examples "Compound A" is
micronised
(4R)-4-[N'-methyl-N'-(3,5-bistrifluoromethyl-
ben2oyl)-amino]-4-(3,4-dichlorobenzyl)-but-2-enoic
acid N-[(R)-epsilon-caprolactam- 3-yl]-amide
semihydrate. A control formulation comprising the
components listed in Table 1 below is prepared as a
powder blend in a hard gelatine capsule. TABLE l
Example 1 Spray-dried solid dispersions Solid
dispersions IA and 1C to IK are manufactured in a
Buechi-Minispary apparatus. IA, ID, IE, I F and solid
dispersion 1G-1K are prepared by dissolving Compound A
in a 1:1 mixture of acetone and ethanol (abs). For
solid dispersion C a 1:1 mixture of acetone and
ethanol 94% den. (= ethanol quality with water and
isopropanol) is used. When a clear solution has
formed, the other components listed in Tables 2 and 3
are added into this mixture to give a feed-suspension
or -solution. Typical solid to liquid ratios in these
feeds are 1:5 to 1:7. The feed is atomized into a hot
nitrogen gas atmosphere of a spray dryer to remove the
solvents at a product-temperature around 900C. The
solid dispersion is collected as powder from the
processor. Solid dispersion I B is prepared on the
Pilot spray dryer Niro-Mobile Minor. A 1:1 mixture of
acetone and ethanol 94% den. (= ethanol quality with
water and isopropanol) is used. When a clear solution
has formed, HPMC is added into this mixture to give a
feedsuspension. After adding of the polymer the feed
is vigorously stirred for al least 1 hour.
Subsequently it is passed through an IKA-mill (Pilot
SNl 102) for wet-milling. The resultingfeed is
atomized into the hot nitrogen of the spray drier to
remove the solvents at a producttemperature of approx.
90-100 0C. The dry solid dispersion is collected as
powder on the cyclone discharge valve. TABLE 2 Some of
those solid dispersions are blended with the
excipients listed in Table 4 or 5 and then the blended
mixture is compressed into tablets (T) or filled into
hard gelatin capsules (H). TABLE 4 



The mass of Compound A contained in tablets/capsules
IL, IM, IN and I P is 20 mg, 20 mg, 25 mg and 100 mg
respectively.I S The mass of Compound A contained in
tablets/capsules IQ, IR and I S is 20 mg, 25 mg and
100 mg respectively. The dissolution rate of some of
the tablets/capsules is determined giving the results
shown in TABLE 6 below. In each case the
tablet/capsule is added to a solution containing 1000
mL of 0.1N HCl and 0.3% Tween(r) 20, 50 rpm paddle,
37C. TABLE 6 Time Control I L(%) I N (%) 10 (%) I R
(%) 20 min 63.5  10.8 80.2  5.5 n d. - 91.2  4.4 30
min 69.4  11.9 90  3.7 98.6  1.5 83  1 100.9  1.1 60
min 74.4  13.6 94  0.3 101.2  0.5 87  0.5 101.2  0.5
Where n.d. = not determined Table 6 shows that a
significant increase in the dissolution rate of the
solid dispersions is observed in comparison to the
control. Solid dispersions and tablets are stored at
25C and 60% relative humidity in closed and open
containers and at 400C and 75% relative humidity in
closed and open containers. However in each case no
change in crystal structure is observed over 3 months
as measured by differential scanning calorimetry (DSC)
and X-ray powder diffraction (XRPD). This indicates
that the solid dispersions remain amorphous even under
accelerated conditions (i.e. 400C/ 75% r.h.
open).Super-saturation-studies The in-vitro
dissolution of the HPMC-based solid dispersion IB
(Component IB) and that of the enteric HPMC-P based
solid dispersion 2D (Component 2D) were studied in
different media and compared to the
crystalhne-hemihydrate or the amorphous compound A.
TABLE 7 SGF = Simulated Gastric Fluid, FaSSIF/FeSSIF =
Fasted/Fed State Simulated intestinal Fluid In-vitro
dissolution of the Component IBis significantly
superior compared to the hemihydrate or the amorphous
compound A which confirms the solid dispersion
formulation principle for this compound In addition it
is seen that the active compound A has a strong
tendency to precipitate rapidly upon dissolution It is
expected that this precipitated fraction has low/no
bioavailability Surprisingly, the solid dispersion
system IBclearly delays that precipitation and
indicates a stabilizing effect on the dissolved
compound. TABLE 8 SGF = Simulated Gastric FluidThe
solid dispersion system 2D (Component 2D) made with
the enteric polymer HPMC-P (see table 9, example 2)
does not release the active compound in gastnc fluid
(SGF). Due to that the rapid precipitation of compound
A in the gastric environment can be avoided. The solid
dispersion system 2D performance very well at a
neutral pH at which 100% of the drug is dissolved
within 30 minutes indicating enteric polymers a
promising option to reduce or avoid gastric
precipitation of compound A. Example 2 Spray
granulated solid dispersions manufactured in fluid bed
processors Solid dispersions 2A to 2D are prepared
using the components listed in Table 9 below Compound
A is dissolved in a 1:1 mixture of acetone and ethanol
mixture to form a clear solution Subsequently, the
polymeric carrier is suspended into that mixture
Typical liquid to solid ratios are 1:5 to 1:7. An
inert filler material (e.g. an Lactose) and an
anti-stickmg agent (e g -Aerosil(r) 200 ) are blended
and fluidised in a warm process air stream in the lab
scale fluidized bed processor (Aeromatic(tm)) and the
feed is atomized via a top spray two-fluid nozzle into
the processor causing the filler to get agglomerated
and coated by the solid dispersion while evaporating
the solvents. Typical product temperatures are 20-50C.
The solid dispersion is collected from the product
container of the processor as free-flowing granules or
granulates TABLE 9 Some of the solid dispersion
granulates are further processed to tablets or
capsules as final dosage form This is achieved by
blending the solid dispersion granulates with the
excipientslisted in Table 10 and then compressing the
blended mixture into tablets (T) or filling hard
gelatin capsules (H). TABLE 10 The mass of Compound A
contained in tablets/capsules 2F, 2G, 2H and 2J is 25
mg but in and 2K it is 100 mg. The relative
dissolution behaviour of some of the tablets/capsules
is determined giving the results shown in TABLE 11
below. In each case the tablet/capsule is added to a
solution containing 1000 mL of 0.1N HCl and 0.3%
Tween(r) 20 , 50 rpm paddle, 37C. TABLE 11 Time 2F(%)
2G (%) 2H (%) 2J (%) 30 min 71.0  1 1 53.6  1.5 70.0
2.2 78.0  3.6 60 min 78.3  1 1 55.3  1.4 77.9 1.9 78.7
2.3 75 min 81.4  0 7 56.7  1.1 83.2  1.4 79.1  2.2
Solid dispersions and tablets are stored at 25CC and
60% relative humidity in closed and open containers
and at 400C and 75% relative humidity in closed and
open containers. However in each case no change in
crystal structure is observed over 3 months as
measured by differential scanning calorimetry (DSC)
and X-ray powder diffraction (XRPD). This indicates
that the solid dispersions remain amorphous even under
accelerated conditions (i.e. 40 C/ 75% r.h.
open).Example 3 Melt extruded solid dispersions
Compound and A and HPMC are blended and turned into a
solid dispersion by melt extrusion. Tablets containing
25 mg amorphous Compound A as a ground solid
dispersion, 187.75 mg microcrystalline cellulose, 10
mg Crospovidone(r) and 2.25 mg magnesium stearate are
prepared in accordance with Example 1. These are melt
extruded to give solid dispersions 3A and 3B. Those
solid dispersions contain the components listed in
Table 12 below. TABLE 12 Solid dispersions and tablets
are stored at 25C and 60% relative humidity in closed
and open containers and at 400C and 75% relative
humidity in closed and open containers. However in
each case no change in crystal structure is observed
over 3 months as measured by differential scanning
calorimetry (DSC) and X-ray powder diffraction (XRPD).
This indicates that the solid dispersions remain
amorphous even under accelerated conditions (i.e.
400C/ 75% r.h. open). Example 4 Bioavailability
studies Material and Methods. Comparative
bioavailability studies are performed according to
Swiss Animal Welfare regulations, using adult male
beagle dogs (stock animals weighing between 9 



and 15 kg) originating either from Marshall Farms
(North Rose, USA) or from Harlan (France). The dogs
are fasted overnight before dosing and for an
additional 5 to 6 hours after receiving their dose.
The animals receive 300 to 350 g of standard pelletted
dog chow every day. At least eight animals are used
per dosage form, and whenever possible, dogs from the
same group are re-used in subsequent experiments,
using a crossover or latin square study design, in
order to obtain a relative intraindividual
comparison.Dosing of capsule and tablet formulations
of Compound A is performed orally by deep throat
deposition, followed by a rinse with 20 mL water, to
be swallowed. Blood samples are collected from a
fore-leg vein (V. cephalica) into heparinized
polypropylene syringes before and up to 48 hours post
dose. Usually up to 12, exceptionally up to 15 blood
samples are collected from each dog to obtain a
precise profile of the drug levels over time. Plasma
is collected after centrifugation at 2150 g, and
stored frozen pending analysis. After thawing, protein
precipitation and reconstitution of the samples using
methanol, the samples are subjected to HPLC/tandem
mass spectrometry analysis (atmospheric pressure
chemical ionization interface) with a lower limit of
quantification of 1.0 ng/mL. The PK parameters after
oral dosing of different tablet formulations and a
control capsule give the following results (compare
Table 13 below): (a) Solid dispersion formulations
reach high peak levels relatively early, with an
average tmax between 1 and 1.5h, followed by a rapid
decline, however, plasma levels remain close to or
above the limit of quantification at 24 hours post
dose, in some animals even after dosing of only 20 mg
per dog. (b) Sometimes, especially in the high dose
group, a second peak was observed 24 hours after
dosing of solid dispersion formulations, in most cases
lower than the first peak, and in some dog individuals
more pronounced than in others; the reason for this
second peak is still unclear, especially since this
second peak could not be reproduced in the medium dose
dog group, with increased sampling points around 24
hours. (c) Trend of non-linearity of PK was obvious,
here of decreasing Cmax/dose and AUC/dose with
increasing dose: strict data comparison may only be
performed within the same dose level. Within the same
dose level: (a) Solid dispersion formulations show an
about twofold higher bioavailability compared to the
control capsule with micronised drug substance in a
standard powder blend on one hand as well as to the
melt extrusion tablet 3A with 30% drug loading on the
other hand. (b) Addition of surfactant did not show a
positive effect on oral bioavailability of solid
dispersion formulations in the fasted dog model.(c)
Drug loading within a range of 20-40%, the choice of
the polymeric carrier (HPMC, PVP) as well as the
procedure of manufacture (spray granulation, spray
drying) had no relevant influence on bioavailability
of the drug substance given as solid dispersion to
fasted dogs. Solid dispersion formulations are rapidly
absorbed and are excellent means to increase the
bioavailability of Compound A in the fasted dog model.
TABLE 13 *data dose-normalized to 1 mg/kg, assuming
dose-linearity By comparing the Control formulation at
20 mg dose with the solid dispersion formulations (IL,
IM, IQ) Cmax and AUC were significantly higher for the
solid dispersion based formulations. Example 5
Minitablets with spray granulated solid dispersion
Some of the solid dispersion granulates are further
processed to minitablets as final dosage form or as an
intermediate product that can be further processed
(i.e. coated, capsule filling). This is achieved by
blending the solid dispersion granulates with the
excipients listed in Table 14 and then compressing the
blended mixture into small (2mm in diameter)
minitablets . The weight of one minitablet is circa 8
mg with a dose of 0.5 mg active compound. To deliver a
25 mg dose for instance, 50 minitablets can be filled
into one hard gelatine capsule on a suitable capsule
filling machine . Table 14In the given example the
amount of the disintegrant Crospovidone XL is with 5 %
rather low and completely sufficient to achieve
excellent dissolution properties for a 25 mg dose of
active compound. Table 15 shows the release profile
for this dosage form with 0% (batch 1), 5 % (batch 2)
and 10 % Crospovidone (batch 3). Table 15: The
excellent maintenance of the release properties for
the minitablets with even lower (compared to the
normal tablets) disintegrant concentrations are
beneficial for and even distribution in the
gastrointestinal tract in-vivo. Additional functional
coating (i.e. enteric coating) should allow for more
site specific delivery of the drug. Example 6
Dispersion of the spray granulated solid dispersion in
an aqueous medium for paediatric drug delivery For
paediatric applications liquid dosage forms (i.e.
syrups, suspensions) are preferable with respect to
patient compliance. In case of compound
(4R)-4-[N'-methyl-N'-(3,5-
bistrifluoromethyl-benzoyl)-amino]-4-(3,4-dichlorobenz
yI)-but-2-enoic acid N-[(R)-epsiloncaprolactam-
3-yl]-amide application of the solid dispersion
obtained through example 2 in an aqueous medium has
turned out to be feasible if dosing of the freshly
prepared suspension occurs within a three hours time
interval. The aqueous medium should comprise i.e. of a
6 % (w/w) HPMC or 6% (w/w) PVP, 6% sodium
carboxymethyl cellulose, HPMCAS solution to prevent
early precipitation of the compound. Additionally
taste maskingexcipients (flavours, sweeteners) could
be added to increase the acceptance by the patient. It
has be found that Hydroxypropylcellulose (HPC) in the
aqueous medium can accelerate recrystallization/
precipitation and should therefore been avoided.
Method of preparation: 1. Put required amount of water
in a beaker of adequate size, add the appropriate
amount of e.g. HPMC or PVP and stir vigorously until
polymer is dissolved. 2. Add the solid dispersion
slowly into the vortex of the stirred water and
continue stirring after the powder addition is
finished for further 15-30 minutes. A nearly clear,
viscous solution is formed, very fine Aerosil
particles from the solid dispersion may remain visible
in the solution/suspension. If required add additional
taste masking excipients (flavor) and ensure that the
ready- to- use suspension will be taken within 3
hours. Chemical and physical in-use stability of
differently concentrated (from 2mg/ml to 30 mg/ml
compound) suspension prepared out of the spray
granulated solid dispersion formulations has turned
out to be sufficient as can be seen from table 16 for
a 4 hours time interval. Physical stability of the
suspensions (re-crystallization/precipitation) was
checked under a polarized light microscope and was
appropriate as well. 



Table 16:CLAIMS 1. A solid dispersion comprising
(4R)-4-[N'-methyl-N'-(3,5-bistrifluorornethyl-benzoyI)
- amino]-4-(3,4-dichlorobenzyl)-but-2-enoic acid
N-[(R)-epsilon-caprolactam-3-yl]- amide or a
pharmaceutically acceptable salt or solvate thereof,
and a carrier. 2. A solid dispersion according to
claim 1 comprising (4R)-4-[N'-methyl-N'-(3,5-
bistrifluoromethyl-benzoyl)-amino]-4-(3,4-dichlorobenz
yl)-but-2-enoic acid N-[(R)-
epsilon-caprolactam-3-yl]-amide semihydrate, and a
carrier. 3. A solid dispersion according to any one of
claims 1 to 2 wherein the carrier is a polymer, a
copolymer or a mixture thereof. 4. A solid dispersion
according to any one of claims 1 to 3 wherein the
carrier is a water soluble cellulose derivative, an
enteric cellulose derivative, polyvinylpyrrolidone or
copovidone. 5. A solid dispersion according to any one
of claims 1 to 4 wherein the carrier is selected from
the group consisting of hydroxypropylmethylcellulose,
hydroxypropylcellulose, hydroxylpropyl
methyl-cellulose acetate succinate or
hydroxypropylmethylcellulose phthalate. 6. A solid
dispersion according to any one of claims 1 to 5,
wherein the weight ratio carrieppharmaceutically
ingredient is 1:0.01 to 1:0.8. 7. A solid dispersion
according to any preceding claims wherein the carrier
may comprises one or more anti-sticking agents, inert
filers, surfactants, wetting agents, pH modifiers or
additives. 8. A pharmaceutical composition comprising
a solid dispersion according to claims 1 to 7, in
combination with at least one pharmaceutically
acceptable excipient. 9. A pharmaceutical composition
according to claims comprising one ore more
pharmaceutically excipient selected from the group
consisting of surfactants, disintegrants, lubricants,
glidants, antiadherents or binders.10. A
pharmaceutical composition according to claim 9
wherein the lubricant is magnesium stearate. 11. A
pharmaceutical composition according to claim 9
wherein the disintegrant is sodium carboxymethyl
starch or crospovidone. 12. A pharmaceutical
composition according to claim 9 wherein the glidant
is a colloidal silica. 13. A pharmaceutical
composition according to claims 8 to 12 wherein the
pharmaceutical composition is a dry powder for oral
administration. 14. A pharmaceutical composition
according to claims 8 to 13 wherein the pharmaceutical
composition is a syrup/_suspension comprising a dry
powder which is reconstituted with an aqueous liquid.
15. A suspension/_syrup for oral administration
according to claim 14 wherein glucose and/or fructose
are in highly concentrated solution. 16. A composition
according to claims 8 to 13 wherein the pharmaceutical
composition is a tablet. 17. A tablet according to
claim 16 wherein the tablet is a mini-tablet. 18. A
tablet according to claims 16 or 17 wherein the tablet
is film-coated. 19. A process for making a solid
dispersion according to any one of claims 1 to 7
comprising the steps of (a) dissolving or suspending
(4R)-4-[N'-methyl-N'-(3,5-
bistrifluoromethyl-benzoyl)-amino]-4-(3,4-dichlorobenz
yl)-but-2-enoic acid N-[(R)-
epsilon-caprolactam-3-yl]-amide or a pharmaceutically
acceptable salt or solvate thereof and the carrier in
a solvent to form a solution or suspension; and (bl)
spray drying the solution or suspension to give a
solid dispersion in dry powder form or (b2) or spray
granulating the solution or suspension on at least one
inert filler excipient and at least one anti-sticking
agent.20. Process according to claim 19 wherein under
step (b2) the inert filer is selected from the group
consisting of water-soluble or water-insoluble
compounds such as lactose, sucrose, amylose, dextrose,
mannitol and inositol, xylitol, microcrystalline
cellulose, but preferably lactose, mannitol or
microcrystalline cellulose and the anti-sticking agent
is selected from the group consisting of colloidal
Slicon Dioxide and Talc. 21. A process for making a
solid dispersion according to any one of claims 1 to 7
comprising the steps of (a) blending
(4R)-4-[N'-methyl-N'-(3,5-bistrifluoromethylbenzoyl)-
amino]-4-(3,4-dichloroberi2yl)-but-2-enoic acid
N-[(R)-epsilon-caprolactam-3- yl]-amide or a
pharmaceutically acceptable salt or solvate thereof
and the carrier, optionally other excipient and (b)
melt extruding the obtained solid dispersion. 22. A
solid dispersion according to any one of claims 1 to 7
obtainable according to a process according to any one
of claims 19 to 21. 23. A blister pack comprising
compartmentalised doses of a pharmaceutical
composition according to claims 4 to 13. 24. A method
of treatment of a subject suffering from (i)
gastrointestinal disorders, especially
diarrhoea-predominant IBS and functional dyspepsia,
(ii) urinary bladder disorders, especially urge
incontinence, or (iii) respiratory diseases,
especially asthma, comprising administering a
therapeutically effective amount of a pharmaceutical
composition according to any one of claims 8 to 18 to
a subject in need of such treatment. 


