
PURINE DERIVATIVES ACTING AS A2A RECEPTOR AGOHISTS
This invention relates to organic compounds, their
preparation and use as pharmaceuticals. In one aspect,
the present invention provides compounds of formula I
in free or salt form, wherein R1 denotes a N-bonded 3-
to 10-membered heterocyclic group containing from 1 to
4 ring nitrogen atoms and optionally containing from 1
to 4 other heteroatoms selected from the group
consisting of oxygen and sulfur, that group being
optionally substituted by oxo, Ci-Csalkoxy,
C6-Cio-aryl, R4 or by Ci-C -alkyl optionally
substituted by hydroxy; R2 is hydrogen or Ci-Cs-alkyl
optionally substituted by hydroxy or C -Cio-aryl; R3
is hydrogen, halo, C -Cs-alkenyl, G_-C8-alkynyl or
Ci-Cs-alkoxycarbonyl, or R3 is amino optionally
substituted by Cs-Cs-cycloalkyl optionally substituted
by amino, hydroxy, C7-Ci4-aralkyloxy, -SCVCe-Cio-aryl
or -NH-Q=O)-NH-R 6, or R3 is amino substituted by R4,
-R4-C7-Ci4-aralkyl or a Cs-Cu-carbocyclic group
optionally substituted by hydroxy, Ci-Cs-alkyl or
Ci-Cs-alkoxycarbonyl, or R3 is aminocarbonyl
optionally substituted by R5, or R3 is
Ci-C8-alkylamino optionally substituted by hydroxy,
R5, amino, di(Ci-C8-alkyl)amino, -NH-C(=O)-Ci-C
8-alkyl, -NH-SO 2-Ci-C 8-alkyl, -NH-Q=O)-NH-R 6,
-NH-Q=O)-NH-Ci-C 8-alkyl-R5 , a Cs-Cis-carbocyclic
group or by C -Ci0-aryl optionally substituted by C
-Cio-aryloxy, or R3 is a N-bonded 3- to 10-membered
heterocyclic group containing from 1 to 4 ring
nitrogen atoms and optionally containing from 1 to 4
other heteroatoms selected from the group consisting
of oxygen and sulfur, that group being optionally
substituted by amino, Ci-Cs-alkyl, Ci-Cs-alkoxy, Ci-C
-alkylamino, di(Ci-C8-alkyl)amino, R4,-NH-C(=O)-NH-R
6, -NH-C(=O)-Ci-C 8-alkoxy,
-NH-C(=O)-C3-C8-cycloalkyl, -NH-SO2-Ci-C8-alkyl,
-NH-C(=O)-NH-Ci-C 4-alkyl-R4-C -C10-aryl,
-NH-C(=O)-NH-Ci-C 4-alkyl-di(Ci-C4- alkyl)amino,
-NH-C(=0)-NH-C -Cio-aryl-R4, -NH-C(=0)-NH-C
6-Cio-aryl-S02NH2, -NH-C(=O)-NH-R -C7-Ci4-aralkyloxy
or -NH-C(=O)-NH-C 7-Ci4-aralkyl optionally substituted
by halo, hydroxyl, carboxy, -C(=NH)NH2 or
Ci-C4-alkoxycarbonyl, or R3 is
Ci-Cs-alkylaminocarbonyl or
Cs-Cs-cycloalkylaminocarbonyl in either case being
optionally substituted by amino, Ci-Cs-alkylamino,
di(Ci-C8-alkyl)amino, -NH-C(=O)-di(Ci-C 8-alkyl)amino,
-NH-C(=O)-Ci-C 4-alkyl-di(Ci-C4-alkyl)amino,
-NH-C(=O)-Ci-C4-alkyl-R4-C7-Ci4-aralkyl,
-NH-C(=O)-NH-R , -NH-C(=O)-NH-Ci-C 8-alkyl,
-NH-C(=O)-NH-Ci-C8-alkylamino, -NH-C(=O)-NH-di(Ci-C
4-alkyl)amino, -NH-C(=O)-NH-C 7-Ci4-aralkyl or
-NH-C(=O)-NH-R -C7-Ci4-aralkyloxy; R4 and R5 are each
independently a 5- to 12-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur;
and R6 is a 5- or 6-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur,
which is optionally substituted by a 5- or 6-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur. Terms used in the
specification have the following meanings: "Optionally
substituted" means the group referred to can be
substituted at one or more positions by any one or any
combination of the radicals listed thereafter.
"N-bonded 3- to 10-membered heterocyclic group
containing from 1 to 4 ring nitrogen atoms and
optionally containing from 1 to 4 other heteroatoms
selected from the group consisting of oxygen and
sulfur" as used herein, that is attached to the
cyclopentyl moiety of the compound of formula I
through a ring nitrogen atom. The N-bonded 3- to
10-membered heterocyclic group may be, for example a
saturated or saturated, monocyclic or bicyclic
heterocyclic group that is attached to the bound to
that contains one, two, three or four ring nitrogen
atoms. Preferably the N-bonded 3- to 10-membered
heterocyclic group is a N-bonded 5- to 6- membered
heterocyclic group containing from 1 to 4 ring
nitrogen atoms, especially N-bonded pyrazolyl,
N-bonded tetrazolyl, N-bonded triazolyl or N-bonded
pyridinyl."Halo" or "halogen" as used herein may be
fluorine, chlorine, bromine or iodine. Preferably halo
is chlorine. "Ci-C -alkyl" as used herein denotes
straight chain or branched alkyl having 1 to 8 carbon
atoms. Preferably Ci-Cs-alkyl is Ci-Cs-alkyl.
"C2-C8-alkenyl" as used herein denotes straight chain
or branched hydrocarbon chains that contain 2 to 8
carbon atoms and one or more carbon-carbon double
bonds. Preferably C2-Csalkenyl is C2-C4-alkenyl".
"C2-C8-alkynyl" as used herein denotes straight chain
or branched hydrocarbon chains that contain 2 to 8
carbon atoms and one or more carbon-carbon triple
bonds and optionally one or more carbon-carbon double
bonds. Preferably C -Cs-alkynyl is C2-C6-alkynyl".
"Ci-C8-alkoxy" as used herein denotes straight chain
or branched alkoxy having 1 to 8 carbon atoms.
Preferably Ci-Cs-alkoxy is Ci-G -alkoxy.
"C3-C8-cycloalkyl" as used herein denotes cycloalkyl
having 3 to 8 ring carbon atoms, for example a
monocyclic group such as a cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl,
any of which can be substituted by one or more,
usually one or two, Ci-C4-alkyl groups, or a bicyclic
group such as bicycloheptyl or bicyclooctyl.
Preferably C3-C8- cycloalkyl" is Cs-O-cycloalkyl.
"Ci-C -alkylamino" and "di(Ci-Cs-alkyl)amino" as used
herein denote amino substituted respectively by one or
two Ci-Cs-alkyl groups as hereinbefore defined, which
may be the same or different. Preferably
Ci-Cs-alkylamino and di(Ci-C8-alkyl)amino are
respectively C1-C4- alkylamino and
di(Ci-C4-alkyl)amino. "Ci-C -alkylcarbonyl" and
"Ci-Cs-alkoxycarbonyl" as used herein denote
Ci-Cs-alkyl or Ci- C -alkoxy respectively as
hereinbefore defined attached by a carbon atom to a
carbonyl group. Preferably Ci-Cs-alkylcarbonyl and
Ci-Cg-alkoxycarbonyl are Ci-C4-alkylcarbonyl and
Ci-C4- alkoxycarbonyl respectively.
"Ca-Cs-cycloalkylcarbonyl" as used herein denotes
C3-C8-cycloalkyl as hereinbefore defined attached by a
carbon atom to a carbonyl group. Preferably
C3-Cs-cycloalkylcarbonyl is C3-C5-
cycloalkylcarbonyl."C3-C8-cycloalkylamino" as used
herein denotes C3-Cs-cycloalkyl as hereinbefore
defined attached by a carbon atom to the nitrogen atom
of an amino group. Preferably C3-C8- cycloalkylamino
is C3-C5-cycloalkylamino. "Cg-Cio-aryl" as used herein
denotes a monovalent carbocyclic aromatic group that
contains 6 to 10 carbon atoms and which may be, for
example, a monocyclic group such as phenyl or a
bicyclic group such as naphthyl. Preferably
Cg-Cio-aryl is Cg-Cs-aryl, especially phenyl. 



"C7-Ci4-aralkyl" as used herein denotes alkyl, for
example Ci-C4-alkyl as hereinbefore defined,
substituted by C -Qo-aryl as hereinbefore defined.
Preferably C7-Ci4-aralkyl is C7-C10- aralkyl ,
especially phenyl-Ci-C 4-alkyl.
"Ci-C8-alkylaminocarbonyl" and
"Cs-Cs-cycloalkylaminocarbonyl" as used herein denote
Ci- C -alkylamino and C3-Cs-cycloalkylamino
respectively as hereinbefore defined attached by a
carbon atom to a carbonyl group. Preferably
Ci-Cs-alkylammocarbonyl and
C3-Cs-cycloalkylaminocarbonyl are
Ci-C4-alkylaminocarbonyl and
C3-C8-cycloalkylaminocarbonyl respectively.
"C5-Ci5-carbocyclic group" as used herein denotes a
carbocyclic group having 5 to 15 ring carbon atoms,
for example a monocyclic group, either aromatic or
non-aromatic, such as a cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl or phenyl, or a bicyclic group
such as bicyclooctyl, bicyclononyl, bicyclodecyl,
indanyl or indenyl, again any of which can be
substituted by one or more, usually one or two,
Ci-C4-alkyl groups. Preferably the C5-C15- carbocyclic
group is a Cs-Qo-carbocyclic group, especially phenyl,
cyclohexyl or indanyl. The C5-Ci5-carbocyclic group
can unsubstituted or substituted. Preferred
substituents on the heterocyclic ring include halo,
cyano, hydroxy, carboxy, amino, aminocarbonyl, nitro,
C1-C10- alkyl, Ci-Cio-alkoxy and C3-Cio-cycloalkyl,
especially hydroxy or amino. "5- to 12-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulphur" as used herein may be,
for example, a saturated or unsaturated monocyclic
heterocyclic group such as furanyl, pyrrolyl,
pyrrolidinyl, pyrazolyl, imidazolyl, triazolyl,
isotriazolyl, tetrazolyl, thiad azolyl, isothiazolyl,
oxadiazolyl, pyridinyl, piperidinyl, pyrazinyl,
oxazolyl, isoxazolyl, pyrazinyl, pyridazinyl,
pyrimidinyl, piperazinyl, pyrrolidinyl, morpholinyl,
triazinyl, oxazinyl or thiazolyl, or a saturated or
unsaturated bicyclic heterocyclic group such as
indolyl, indazolyl, benzothiazolyl,
benzothiofurazanyl, benzimidazolyl, quinolinyl,
isoquinolinyl. Preferred monocyclic heterocyclic
groups include pyrazolyl, imidazolyl, pyrrolidinyl,
pyridinyl and piperidinyl.Preferred bicyclic
heterocyclic groups include indolyl, quinolinyl and
benzimidazolyl. The 5- to 12-membered heterocyclic
group can be unsubstituted or substituted. Preferred
substituents include halo, cyano, oxo, hydroxy,
carboxy, amino, nitro, Ci-C -alkyl (optionally
substituted by hydroxy), Ci-Cs-alkylsulfonyl,
aminocarbonyl, Ci-Cs-alkylcarbonyl,
Ci-Cs-alkoxycarbonyl, and Ci-Cs-alkoxy optionally
substituted by aminocarbonyl. Especially preferred
substituents include chloro, cyano, carboxy, amino,
Ci-Cs-alkoxycarbonyl, Ci-C4-alkoxy and Ci-C4-alkyl
optionally substituted by hydroxy. "5- or 6-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulphur" as used herein may be,
for example, a saturated or unsaturated heterocyclic
group such as furanyl, pyrrolyl, pyrrolidinyl,
pyrazolyl, imidazolyl, triazolyl, isotriazolyl,
tetrazolyl, thiadiazolyl, isothiazolyl, oxadiazolyl,
pyridinyl, piperidinyl, pyrazinyl, oxazolyl,
isoxazolyl, pyrazinyl, pyridazinyl, pyrimidinyl,
piperazinyl, pyrrolidinyl, morpholinyl, triazinyl,
oxazinyl or thiazolyl. Preferred 5- or 6-membered
heterocyclic groups include pyrazolyl, imidazolyl,
pyrrolidinyl, pyridinyl and piperidinyl. The 5- or
6-membered heterocyclic group can be unsubstituted or
substituted. Preferred substituents include halo,
cyano, oxo, hydroxy, carboxy, amino, nitro,
Ci-Cs-alkyl (optionally substituted by hydroxy),
Ci-Cs-alkylsulfonyl, aminocarbonyl,
Ci-Cs-alkylcarbonyl, Ci-Csalkoxycarbonyl, and
Ci-Cs-alkoxy optionally substituted by aminocarbonyl.
Especially preferred substituents include chloro,
cyano, carboxy, amino, Ci-C -alkoxycarbonyl, Ci-C4-
alkoxy and Ci-C4-alkyl optionally substituted by
hydroxy. Throughout this specification and in the
claims that follow, unless the context requires
otherwise, the word "comprise", or variations such as
"comprises" or "comprising", will 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. In compounds of formula I the following are
suitable or preferred aspects of the invention either
independently or in any combination: R1 suitably
denotes a N-bonded 5- or 6-membered heterocyclic group
containing 1, 2, 3 or 4 ring nitrogen atoms that is
optionally substituted at one position by oxo, methyl,
ethyl, phenyl, or methyl substituted by hydroxyl.
However R1 is preferably a N-bonded 5-membered
heterocyclic group containing 2, 3 or 4 ring nitrogen
atoms that is substituted at one position by methyl,
ethyl, phenyl, or methyl substituted by hydroxyl.R2 is
suitably hydrogen or Ci-Cs-alkyl optionally
substituted at one or two positions by hydroxy or C
-Cs-aryl optionally substituted by hydroxy. Cg-Cs-aryl
is preferably phenyl. However R2 is preferably
hydrogen or C2-C5-alkyl optionally substituted at one
or two positions by hydroxy or phenyl optionally
substituted by hydroxy. In one especially preferred
aspect R2 is 2,2-diphenyl-ethyl,
2,2-bis-(4-hydroxy-phenyl)-ethyl, 6-phenethyl or 1-
hydroxymethyl-2-phenyl-ethyl. In another especially
preferred aspect R2 is hydrogen or propyl. Preferred
compounds of formula I in free or salt form include
those where R1 denotes a N-bonded 3- to 10-membered
heterocyclic group containing from 1 to 4 ring
nitrogen atoms and optionally containing from 1 to 4
other heteroatoms selected from the group consisting
of oxygen and sulfur, that group being optionally
substituted by oxo, C -Cioaryl or by Ci-Cs-alkyl
optionally substituted by hydroxy; R2 is hydrogen or
Ci-Cs-alkyl optionally substituted at one or two
positions by hydroxy or Ce- Cio-aryl optionally
substituted at one or two positions by hydroxy; R3 is
halo, C2-C8-alkynyl or Ci-Cs-alkoxycarbonyl, or R3 is
amino optionally substituted by C3-Cs-cycloalkyl
optionally substituted by amino, hydroxy,
Cy-Cw-aralkyloxy or -NH-Q=O)-NH-R 6, or R3 is amino
substituted by R4, -R4-C7-Ci4-aralkyl or a
Cs-Cis-carbocyclic group optionally substituted by
hydroxy or Ci-Cs-alkoxycarbonyl, or R3 is
aminocarbonyl optionally substituted by R5, or R3 is
Ci-Cg-alkylamino optionally substituted by hydroxy,
R5, -NH-C(=O)-Ci-Cg-alkyl, -NH-SOi-Ci-Cs-alkyl,
-NH-Q=O)-NH-R 6, a Cs-Cis-carbocyclic group or by
Cg-Cio-aryl optionally substituted by C -Cio-aryloxy,
or R3 is a N-bonded 5-membered heterocyclic group
containing 1 or 2 ring nitrogen atoms, that group
being optionally substituted by amino,
di(Ci-Cs-alkyl)amino, R4, -R4-C(=O)-C7-C14-aralkyloxy,
-NH-C(=O)-NH-R 6, -NH-C(=O)-Ci-C 8-alkoxy, -NH-C(=O)-C
3-C8-cycloalkyl, -NH-SO2-Ci-C8-alkyl,
-NH-C(=O)-NH-Ci-C 4-alkyl-R4, -NH-C(=O)-NH-Ci-C
4-alkyl-R4-C -C10-aryl, -NH-C(=O)-NH-Ci-C
4-alkyl-di(Ci-C4- alkyl)amino, -NH-Q=O)-NH-C
6-Ci0-aryl-R4, -NH-C(=0)-NH-C -Cio-aryl-S0 2NH2, or
-NHC(= 



O)-NH-C7-Ci4-aralkyl optionally substituted by halo,
hydroxyl, carboxy, -Q=NH)NH or Ci-C4-alkoxycarbonyl,
or R3 is Ci-Cg-alkylaminocarbonyl or
Cs-Cs-cycloalkylaminocarbonyl in either case being
optionally substituted by amino, -NH-Q=O
)-di(Ci-C8-alkyl)amino, -NH-C(=O)-Ci-C4-alkyldi(
Ci-C4-alkyl)amino, -NH-C(=O)-Ci-C
4-alkyl-R4-C7-Ci4-aralkyl, -NH-C(=O)-NH-R
6,-NH-C(=O)-NH-Ci-C8-alkyl, -NH-C(=O)-NH-Ci-C
8-alkylamino 5 -NH-C(=O)-NH-di(Ci-C 4- alkyl)amino, or
-NH-C(=O)-NH-C 7-Ci4-aralkyl; R4 and R5 are each
independently a 5- to 12-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur;
and R6 is a 5- or 6-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur,
which is optionally substituted by a 5- or 6-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur. Especially preferred
compounds of formula I in free or salt form include
those where R1 denotes a N-bonded 5- to 6-membered
heterocyclic group containing from 1 to 4 ring
nitrogen atoms, that group being optionally
substituted by oxo, phenyl, methyl, ethyl or by methyl
substituted by hydroxy; R2 is hydrogen or Ci-Cs-alkyl
optionally substituted at one or two positions by
hydroxy or phenyl optionally substituted at one or two
positions by hydroxy; R3 is halo, Cz-C -alkynyl or
Ci-C4-alkoxycarbonyl, or R3 is amino optionally
substituted by Ca-Cg-cycloalkyl optionally substituted
by amino, hydroxy, Cy-Cio-aralkyloxy or -NH-Q=O)-NH-R
6, or R3 is amino substituted by R4, -R4-benzyl or a
Cs-Cis-carbocyclic group optionally substituted by
hydroxy or Ci-C4-alkoxycarbonyl, or R3 is
aminocarbonyl optionally substituted by R5, or R3 is
Ci-C4-alkylamino optionally substituted by hydroxy,
R5, -NH-Q=O)-Ci-C4-alkyl, -NH-SO2-Ci-C4-alkyl,
-NH-Q=O)-NH-R 6, a Cs-Cis-carbocyclic group or by
phenyl optionally substituted by phenoxy, or R3 is a
N-bonded 5-membered heterocyclic group containing from
1 ring nitrogen atom, that group being optionally
substituted by amino, di(Ci-C4-alkyl)amino, R4,
-R4-C(=0)-benzyloxy, -NH-Q=O)-NH-R 6, -NH-C(=O)-Ci-C
4-alkoxy, -NH-C(=O)-C 3-C6-cycloalkyl,
-NH-SO2-Ci-C4-alkyl, -NH-C(=O)-NH-Ci-C 4-alkyl-R4,
-NH-C(=O)-NH-C 1-C4-alkyl-R4-phenyl, -NH-C(=O)-NH-Ci-C
4-alkyl-di(Ci-C 4-alkyl)amino, -NH-C(=O)-NH-phenyl-R
4, -NH-C(=O)-NH-phenyl-SO 2NH2, or -NH-C(=0)-NH-C
7-Cio-aralkyl optionally substituted by halo,
hydroxyl, carboxy, -Q=NH)NH 2 or Ci-C4-alkoxycarbonyl,
or R3 is Ci-C4-alkylaminocarbonyl or C3-C
-cycloalkylaminocarbonyl in either case being
optionally substituted by amino, -NH-Q=O)-di(Ci-C
4-alkyl)amino, -NH-C(=O)-Ci-C 4-alkyldi(
Ci-C4-alkyl)amino, -NH-C(=O)-Ci-C 4-alkyl-R4-benzyl,
-NH-C(=O)-NH-R 6,-NH-C(=O)-NH-Ci-C4-alkylamino,
-NH-C(=O)-NH-di(Ci-C 4- alkyl)amino, or
-NH-C(=O)-NH-benzyl; R4 and R5 are each independently
a 5- to 12-membered heterocyclic group containing at
least one ring heteroatom selected from the group
consisting of nitrogen, oxygen and sulfur; and R6 is a
5- or 6-membered heterocyclic group containing at
least one ring heteroatom selected from the group
consisting of nitrogen, oxygen and sulfur, which is
optionally substituted by a 5- or 6-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur. In a second aspect, the
present invention provides compounds of formula I in
free or salt form, wherein R1 denotes a N-bonded 3- to
10-membered heterocyclic group containing from 1 to 4
ring nitrogen atoms and optionally containing from 1
to 4 other heteroatoms selected from the group
consisting of oxygen and sulfur, that group being
optionally substituted by oxo, Ci-Csalkoxy,
Cs-Cio-aryl, R4 or by Ci-Cs-alkyl optionally
substituted by hydroxy; R2 is hydrogen or Ci-Cs-alkyl
optionally substituted by hydroxy or C6-Cio-aryl; R3
is hydrogen, halo, Gi-Cs-alkenyl, d-Cs-alkynyl or
Ci-Cs-alkoxycarbonyl, or R3 is amino optionally
substituted by Ca-Cs-cycloalkyl optionally substituted
by amino, hydroxy, C7-Ci4-aralkyloxy, -SOi-Cg-Cio-aryl
or -NH-Q=O)-NH-R 6, or R3 is amino substituted by a
Cs-Cis-carbocyclic group optionally substituted by
hydroxy, Ci-Cs-alkyl or Ci-Cs-alkoxycarbonyl, or R3 is
aminocarbonyl optionally substituted by R5, or R3 is
Ci-C8-alkylamino optionally substituted by hydroxy,
R5, amino, di(Ci-C8-alkyl)amino, -NH-C(=O)-Ci-C
8-alkyl, -NH-SCh-Ci-Q-alkyl, -NH-Q=O)-NH-R ,
-NH-C(=O)-NH-Ci-C8-alkyl-R 5 , a Cs-Cis-carbocyclic
group or by C6-Cio-aryl optionally substituted by C
-Cio-aryloxy, or R3 is a N-bonded 3- to 10-membered
heterocyclic group containing from 1 to 4 ring
nitrogen atoms and optionally containing from 1 to 4
other heteroatoms selected from the group consisting
of oxygen and sulfur, that group being optionally
substituted by amino, Ci- Cg-alkyl or Ci-Cs-alkoxy,
Ci-Cg-alkylamino, di(Ci-C8-alkyl)amino, -NH-Q=O)-NH-R
6, -NH-C(=O)-NH-C 7-Ci4-aralkyl or -NH-C(=O)-NH-R
6-C7-Ci4-aralkyloxy;or R3 is Ci-Cs-alkylaminocarbonyl
or C3~C8-cycloalkylaminocarbonyl in either case being
optionally substituted by amino, Ci-Cs-alkylamino,
di(Ci-Cs-alkyl)ammo, -NH-Q=O)-NH- -NH-C(=0)-NH-C
7-Ci4-aralkyl or -NH-C(=0)-NH-R -C7-Ci4-aralkyloxy; R4
and R5 are each independently a 5- to 12-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur; and R6 is a 5- or
6-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, which is optionally
substituted by a 5- or 6-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur.
Preferred compounds of formula I in free or salt form
include those where R1 denotes a N-bonded 3- to
10-membered heterocyclic group containing from 1 to 4
ring nitrogen atoms and optionally containing from 1
to 4 other heteroatoms selected from the group
consisting of oxygen and sulfur, that group being
optionally substituted by oxo, C -Cioaryl or by
Ci-Cs-alkyl optionally substituted by hydroxy; R2 is
hydrogen or Ci-Cs-alkyl optionally substituted by
hydroxy or C6-Cio-aryl; R3 is halo, C2-Cs-alkynyl or
Ci-Cs-alkoxycarbonyl, or R3 is amino optionally
substituted by C3-Cs-cycloalkyl optionally substituted
by amino, hydroxy, C7-Ci4-aralkyloxy or -NH-Q=O)-NH-R
6, 



or R3 is amino substituted by a Cs-Cio-carbocyclic
group optionally substituted by hydroxy or
Ci-Cs-alkoxycarbonyl, or R3 is aminocarbonyl
optionally substituted by R5, or R3 is
Ci-C8-alkylamino optionally substituted by hydroxy,
R5, -NH-C(=O)-Ci-Cs-alkyl, -NH-SOi-Ci-Cg-alkyl,
-NH-Q=O)-NH-R*, a C5-Cio-carbocyclic group or by Q-C
10-aryl optionally substituted by C -Cio-aryloxy, or
R3 is a N-bonded 3- to 10-membered heterocyclic group
containing from 1 to 4 ring nitrogen atoms and
optionally containing from 1 to 4 other heteroatoms
selected from the group consisting of oxygen and
sulfur, that group being optionally substituted by
amino or - NH-Q=O)-NH-R 6, or R3 is
Ci-Cs-alkylaminocarbonyl optionally substituted by
amino, -NH-Q=O)-NH-R 6 or -NH-C(=O)-NH-C
7-Ci4-aralkyl; R5 is a 5- to 12-membered heterocyclic
group containing at least one ring heteroatom selected
from the group consisting of nitrogen, oxygen and
sulfur; andR6 is a 5- or 6-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur,
which is optionally substituted by a 5- or 6-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur. Especially preferred
compounds of formula I in free or salt form include
those where R1 denotes a N-bonded 5- to 6-membered
heterocyclic group containing from 1 to 4 ring
nitrogen atoms, that group being optionally
substituted by oxo, C -Cs-aryl or by Ci-C4-alkyl
optionally substituted by hydroxy; R2 is hydrogen or
Ci-C4-alkyl optionally substituted by hydroxy or
Q-Cs-aryl; and R3 is halo, C2-Cg-alkynyl or
Ci-C4-alkoxycarbonyl, or R3 is amino optionally
substituted by C3-C6-cycloalkyl optionally substituted
by amino, hydroxy, Cy-Cio-aralkyloxy or -NH-Q=O)-NH-R
6, or R3 is amino substituted by a Cs-Cis-carbocyclic
group optionally substituted by hydroxy or
Ci-C4-alkoxycarbonyl, or R3 is aminocarbonyl
optionally substituted by R5, or R3 is
Ci-Gt-alkylamino optionally substituted by hydroxy,
R5, -NH-C(=O)-Ci-C4-alkyl, -NH-SO2-Ci-C4-alkyl,
-NH-Q=O)-NH-R 6, a Cs-Ci5-carbocyclic group or by
Cg-Cg-aryl optionally substituted by Cg-Cs-aryloxy, or
R3 is pyrrolidinyl optionally substituted by amino, or
R3 is a N-bonded 5- to 6-membered heterocyclic group
containing from 1 to 4 ring nitrogen atoms, that group
being optionally substituted by amino or -NH-Q=O)-NH-R
6, or R3 is Ci-C4-alkylaminocarbonyl optionally
substituted by amino, -NH-Q=O)-NH-R 6 or
-NH-C(=0)-NH-C 7-Cio-aralkyl; R5 is a 5- to
12-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur; and R6 is a 5- or
6-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, which is optionally
substituted by a 5- or 6-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur.
Especially preferred specific compounds of formula I
include those described hereinafter in the Examples.
The compounds represented by formula I are capable of
forming acid addition salts, particularly
pharmaceutically acceptable acid addition salts.
Pharmaceutically acceptable acidaddition salts of the
compound of formula I include those of inorganic
acids, for example, hydrohalic acids such as
hydrofluoric acid, hydrochloric acid, hydrobromic acid
or hydroiodic acid, nitric acid, sulfuric acid,
phosphoric acid; and organic acids, for example
aliphatic monocarboxylic acids such as formic acid,
acetic acid, trifluoroacetic acid, propionic acid and
butyric acid, aliphatic hydroxy acids such as lactic
acid, citric acid, tartaric acid or malic acid,
dicarboxylic acids such as maleic acid or succinic
acid, aromatic carboxylic acids such as benzoic acid,
p-chlorobenzoic acid, diphenylacetic acid,
para-hiphenyl benzoic acid or triphenylacetic acid,
aromatic hydroxy acids such as o-hydroxybenzoic acid,
p-hydroxybenzoic acid,
l-hydroxynaphthalene-2-carboxylic acid or
3-hydroxynaphthalene-2-carboxylic acid, cinnamic acids
such as 3-(2-naphthalenyl)propenoic acid, para-methoxy
cinnamic acid or paramethyl cinnamic acid, and
sulfonic acids such as methanesulfonic acid or
benzenesulfonic acid. These salts may be prepared from
compounds of formula I by known salt-forming
procedures. Compounds of formula I which contain
acidic, e.g. carboxyl, groups, are also capable of
forming salts with bases, in particular
pharmaceutically acceptable bases such as those well
known in the art; suitable such salts include metal
salts, particularly alkali metal or alkaline earth
metal salts such as sodium, potassium, magnesium or
calcium salts, or salts with ammonia or
pharmaceutically acceptable organic amines or
heterocyclic bases such as ethanolamines, benzylamines
or pyridine. These salts may be prepared from
compounds of formula I by known salt-forming
procedures. The invention provides, in another aspect,
a method of preparing a compound of formula I in free
or salt form which comprises (i) (A) for the
preparation of compounds of formula I where R3 is
amino optionally substituted by C3-Cs-cycloalkyl
optionally substituted by amino, hydroxy, C7-C14-
aralkyloxy, -SOi-Cg-Cio-aryl or -NH-Q=O)-NH-R 6, or R3
is amino substituted by R4, -R4-C7-Ci4-aralkyl or a
Cs-Cis-carbocyclic group optionally substituted by
hydroxy, Ci-Cs-alkyl or Ci-Cs-alkoxycarbonyl, or R3 is
Ci-C8-alkylamino optionally substituted by hydroxy, Rs
, amino, di(Ci-Csalkyl) amino, -NH-C(=O)-Ci-C 8-alkyl,
-NH-SO 2-Ci-C 8-alkyl, -NH-Q=O)-NH-R 6, -NH-Q=O
)-NH-Ci-C 8-alkyl-R5 , a Cs-Cis-carbocyclic group or
by Cg-Cio-aryl optionally substituted by
Ce-Qo-aryloxy, or R3 is a N-bonded 3- to 10-membered
heterocyclic group containing from 1 to 4 ring
nitrogen atoms and optionally containing from 1 to 4
other heteroatoms selected fromthe group consisting of
oxygen and sulfur, that group being optionally
substituted by amino, Ci-Cs-alkyl, d-Cs-alkoxy,
Ci-Cg-alkylamino, di(Ci-C8-alkyl)amino, R4,
-NH-C(=0)-Ci-C 8-alkoxy, -NH-C(=O)-C3-C8-cycloalkyl,
-NH-SO2-C1-C8-alkyl, -NH-C(=O)-NH-Ci-C 4-alkyl-R4,
-NH-C(=O)-NH-Ci-C 4-alkyl-R4-C6-Ci0-aryl5
-NH-C(=O)-NH-Ci-C 4-alkyl-di(Ci-C4- alkyl)amino,
-NH-C(=0)-NH-C 6-Cio-aryl-R4 -NH-C(=0)-NH-C
6-C10-aryl-S0 2NH2, -NH-C(=O)-NH-R -C7-Ci4-aralkyloxy
or -NH-C(=O)-NH-C 7-Ci4-aralkyl optionally 



substituted by halo, hydroxyl, carboxy, -Q=NH)NH or
Ci-C4-alkoxycarbonyl, reacting a compound of formula
II or a protected form thereof, wherein R1 and R2 are
as hereinbefore defined and X is halo, with either a
compound of formula III H2N-R 7 III or a compound of
formula IV H-T IV wherein R7 is C3-Cs-cycloalkyl
optionally substituted by amino, hydroxy, C7-Ci4-
aralkyloxy, -S0 2-C -Cio-aryl or -NH-Q=O)-NH-R 6, or
R7 is R4, -R4-C7-Ci4-aralkyl or a Cs-Cis-carbocyclic
group optionally substituted by hydroxy, Ci-Cs-alkyl
or Ci-Cs-alkoxycarbonyl, or R7 is Ci-Cs-alkyl
optionally substituted by hydroxy, R5, amino,
di(Ci-Csalkyl) amino, -NH-C(=O)-Ci-C 8-alkyl,
-NH-SOz-Ci-Cs-alkyl, -NH-Q=O)-NH-R 6,
-NH-C(=O)-NH-Ci-C 8-alkyl-R5 , a C3-Ci5-carbocyclic
group or by Cg-Cio-aryl optionally substituted by C
-Cio-aryloxy, and T is an N-bonded 3- to 10-membered
heterocyclic group containing from 1 to 4 ring
nitrogen atoms and optionally containing from 1 to 4
other heteroatoms selected from the group consisting
of oxygen and sulfur, that group being optionally
substituted by amino, Ci-Cs-alkyl, Ci-C8-alkoxy,
Ci-Cs-alkylamino, di(Ci-C8- alkyl)amino, R4,
-R4-C(=O)-C7-Ci4-aralkyloxy, -NH-Q=O)-NH-R 6,
-NH-C(=0)-Ci-C 8-alkoxy,-NH-C(=O)-C 3-C8-cycloalkyl,
-NH-SO 2-Ci-C8-alkyl, -NH-C(=0)-NH-Ci-C
4-alkyl-R4-C6-Cio-aryl,
-NH-C(=0)-NH-Ci-C4-alkyl-di(Ci-C 4 alkyl)amino,
-NH-C(=0)-NH-C -Cio-aryl-R4, -NH-C(=0)-NH-C
-Cio-aryl-Sq 2NH2, -NH-C(=O)-NH-R 6-C7-Ci4-aralkyloxy
or -NH-C(=O)-NH-C 7-Ci4-aralkyl optionally substituted
by halo, hydroxyl, carboxy, -C(=NH)NH 2 or
Ci-C4-alkoxycarbonyl; (B) for the preparation of
compounds of formula I where R3 is Ci-Cs-alkylammo or
C3-C8-cycloalkyl substituted by -NH-C(=O)-Ci-C8~alkyl,
reacting a compound of formula V wherein R1 and R2 are
as hereinbefore defined and V is Ci-Cs-alkylene or
C3-C8- cycloalkyl, with a compound of formula VI O
X-CI l-R8 Vl or an amide forming derivative of formula
VII O HO-CH-R b VII wherein X is a halogen, preferably
chloro, and R8 is Ci-Cs-alkyl, in the presence of a
base; (C) for the preparation of compounds of formula
I where R3 is Ci-Cs-alkylamino substituted by
-NH-SCh-Ci-Cg-alkyl, reacting a compound of formula IV
wherein R1 and R2 are as hereinbefore defined and V is
Ci-Cs-alkylene, with a compound of formula VIII
wherein X is a halogen, preferably chloro, and R9 is
Ci-Cs-alkyl, in the presence of a base;(D) for the
preparation of compounds of formula I wherein R3 is
C2-C8-alkynyl, reacting a compound of formula II or a
protected form thereof, where R1 and R2 are as
hereinbefore defined, with a compound of formula IX
R10- C C-H IX wherein R10 is Ci-Cs-alkyl, in the
presence of a base and a catalyst; (E) for the
preparation of compounds of formula I wherein R3 is
amino substituted by C3-C8-cycloalkyl substituted by
-NH-Q=O)-NH-R 6, or R3 is Ci-Cg-alkylamino substituted
by -NH-Q=O)-NH-R 6, where R6 is as hereinbefore
defined, reacting a compound of formula V where R1, R2
and V are as hereinbefore defined, with either a
compound of formula X O R11-CI -N-R6 X H or a compound
of formula XI O=C=N-R6 Xl wherein R11 is a 5- or
6-membered heterocyclic ring containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulphur and R6 is as hereinbefore
defined; (F) for the preparation of compounds of
formula I wherein R3 is a N-bonded 3- to 10- membered
heterocyclic group containing from 1 to 4 ring
nitrogen atoms and optionally containing from 1 to 4
other heteroatoms selected from the group consisting
of oxygen and sulfur, that group being substituted by
-NH-Q=O)-NH-R 6, where R6 is as hereinbefore defined,
reacting a compound of formula XII wherein R1 and R2
are as hereinbefore defined and Q is a N-bonded 3- to
10- membered heterocyclic group containing from 1 to 4
ring nitrogen atoms and optionally containing from 1
to 4 other heteroatoms selected from the group
consistingof oxygen and sulfur, with either a compound
of formula X or a compound of formula XI, wherein R6
and R11 are as hereinbefore defined; (G) for the
preparation of compounds of formula I where R3 is
Ci-Cs-alkoxycarbonyl, dihydroxylating a compound of
formula XIII where R1 and R2 is as hereinbefore
defined and L is Ci-Cs-alkyl; (H) for the preparation
of compounds of formula I wherein R3 is
Ci-Cs-alkylaminocarbonyl or
C3-Cs-cycloalkylaminocarbonyl in either case
optionally substituted by amino, or R3 is
aminocarbonyl optionally substituted by R5, reacting a
compound of formula XIII where R1 and R2 is as
hereinbefore defined and R12 is Ci-Cs-alkyl, with a
compound of formula XIV H2N-Y XlV wherein Y is R1 and
R2 are as hereinbefore defined and Y is Ci-Cs-alkyl or
C3-C8- cycloalkyl in either case optionally
substituted by amino, or Y is Rs; or (I) for the
preparation of compounds of formula I wherein R3 is
Ci-Cs-alkylaminocarbonyl or
Cs-Cs-cycloalkylaminocarbonyl in either case
substituted by -NH-Q=O)- NH-R 6, where R6 is as
hereinbefore defined, reacting a compound of formula
XV wherein R1 and R2 are as hereinbefore defined and Y
is Ci-Cs-alkyl or Cs-Cs-cycloalkyl 



in either case substituted by amino, or Y is
R5,Ci-Cg-alkyl or C3-Cs-cycloalkyl in the presence of
a base, with a compound of formula X or a compound of
formula XI ,wherein R11 is a 5- or 6-membered
heterocyclic ring containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulphur and R6 is as hereinbefore
defined; and (ii) removing any protecting groups and
recovering the resultant compound of formula I in free
or salt form. Process variant (A) may be carried out
using known procedures for reacting halides with
amines, or analogously as hereinafter described in the
Examples. The reaction is conveniently carried out
using an organic solvent, for example dichlorobenzene,
dimethylsulfoxide, acetonitrile, N-methyl-pyrrolidone
(NMP), or 1,4-dioxane or mixtures thereof optionally
in the presence of a catalyst, such as sodium iodide,
and a base, such as triethylamine. Suitable reaction
temperatures from 100 C to 250 C, preferably between
100 C to 240 C, for example by heating with microwave
radiation. Process variant (B) may be carried out
using known procedures for reacting amines with
carboxylic acids or acid halides to form amides, or
analogously as hereinafter described in the Examples.
The base is preferably diisopropylethylamine (DIPEA).
The reaction is conveniently carried out using an
organic solvent, such as dry tetrahydrofuran (THF).
Suitable reaction temperatures from 0 C to 40 C,
preferably room temperature. Process variant (C) may
be carried out using known procedures for reacting
amines with alkylsulfonyl-halides to form
alkylsulfonylamines, or analogously as hereinafter
described in the Examples. The base is preferably
diisopropylethylamine (DIPEA). The reaction is
conveniently carried out using an organic solvent,
such as dry tetrahydrofuran (THF). Suitable reaction
temperatures from 0 C to 40 C, preferably room
temperature. Process variant (D) may be carried out
using known procedures for reacting halides with
alkynes, or analogously as hereinafter described in
the Examples. The catalyst is preferably a palladium
catalyst (together with a CuI salt) and the base is
preferably butylamine. The reaction is conveniently
carried out using an organic solvent, such as
dimethylformamide (DMF). Suitable reaction
temperatures from 40 C to 200 C, preferably 80 C to
160 C, especially about 120 C. Process variant (E) may
be carried out using known procedures for reacting
amines with acylimidazoles or isocyanates, or
analogously as hereinafter described in the Examples.
R11 informula X is preferably imidazolyl. The reaction
is conveniently carried out using an organic solvent,
for example toluene and/or isopropyl alcohol. Suitable
reaction temperatures from 0 C to 40 C, preferably
room temperature. Process variant (F) may be carried
out using known procedures for reacting amines with
acylimidazoles or isocyanates, or analogously as
hereinafter described in the Examples. R11 in formula
XII is preferably imidazolyl. The reaction is
conveniently carried out using an organic solvent, for
example toluene and/or isopropyl alcohol. Suitable
reaction temperatures from 0 C to 40 C, preferably
room temperature. Process variant (G) may be carried
out using known procedures for dihydroxylating
unsaturated carbocyclic compounds, or analogously as
hereinafter described in the Examples. Preferably a
dihydroxylating agent is used, such as osmium
tetroxide (OsO ), either in a stoichiometrical amount
or a catalytic amount, preferably together with a
re-oxidant, such as N-methylmorpholine N-oxide (NMO),
or alternatively using AD-mix-a or AD-mix-b. The
reaction is conveniently carried out using an organic
solvent, for example THF. Suitable reaction
temperatures from 0 C to 40 C, preferably room
temperature. Process variant (H) may be carried out
using known procedures for reacting esters with amines
to form amides, or analogously as hereinafter
described in the Examples. The reaction is
conveniently carried out using an organic solvent,
such as dry THF. Suitable reaction temperatures from 0
C to 40 C, preferably room temperature. Process
variant (I) may be carried out using known procedures
for reacting primary or second amines with
acyl-imidazoles or isocyanates, or analogously as
hereinafter described in the Examples. The reaction is
conveniently carried out using an organic solvent, for
example toluene and/or isopropyl alcohol. Suitable
reaction temperatures from 0 C to 40 C, preferably
room temperature. Where reference is made herein to
protected functional groups or to protecting groups,
the protecting groups may be chosen in accordance with
the nature of the functional group, for example as
described in Protective Groups in Organic Synthesis,
T.W. Greene and P.G.M. Wuts, John Wiley d Sons Inc,
Third Edition, 1999, which reference also describes
procedures suitable for replacement of the protecting
groups by hydrogen.Compounds of formula I in free form
may be converted into salt form, and vice versa, in a
conventional manner. The compounds in free or salt
form can be obtained in the form of hydrates or
solvates containing a solvent used for
crystallisation. Compounds of formula I can be
recovered from reaction mixtures and purified in a
conventional manner. Isomers, such as stereoisomers,
may be obtained in a conventional manner, e.g. by
fractional crystallisation or asymmetric synthesis
from correspondingly asymmetrically substituted, e.g.
optically active, starting materials. Compounds of
formula II may be prepared by dihydroxylating a
compound of formula XVI where R1 and R2 are as
hereinbefore defined and X is halo, preferably chloro,
or analogously as hereinafter described in the
Examples. Preferably a dihydroxylating agent is used,
such as osmium tetroxide (OsO ), either in a
stoichiometrical amount or a catalytic amount,
preferably together with a re-oxidant, such as
N-methylmorpholine N-oxide (NMO), or alternatively
using AD-mix-a or AD-mix-b. The reaction is
conveniently carried out using an organic solvent, for
example THF. Suitable reaction temperatures from 0 C
to 40 C, preferably room temperature. Compounds of
formula III or IV are commercially available or may be
obtained by known procedures for preparing such
compounds, or analogously as herein described in the
Examples. Compounds of formula V may be prepared by
reacting a compound of formula II where R1, R2 and X
are as hereinbefore defined, with a compound of
formula XVII HN NH 1, where V is Ci-Cs-alkylene or
C3-Cs-cycloalkyl, or analogously as herein described
in the Examples. The reaction is conveniently carried
out using an organic solvent, for example NMP or
CH3CN. Suitable reaction temperatures from 150 C to
220 C.Compounds of formula VI, VII, VIII, IX, X or XI
are commercially available or may be obtained by known
procedures for preparing such compounds, or
analogously as herein described in the Examples. 



Compounds of formula XII may be prepared by reacting a
compound of formula II where where R1, R2 and X are as
hereinbefore defined, with a compound of formula XVIII
H- Q- NH2 XVIII where Q is a N-bonded 3- to
10-membered heterocyclic group containing from 1 to 4
ring nitrogen atoms and optionally containing from 1
to 4 other heteroatoms selected from the group
consisting of oxygen and sulfur, or analogously as
herein described in the Examples. The reaction is
conveniently carried out using an organic solvent, for
example DMSO. Suitable reaction temperatures from 80 C
to 150 C. Compounds of formula XIII may be prepared by
reacting a compound of formula XIX where R2 and L are
as hereinbefore defined and La is Ci-Cs-alkyl,
preferably methyl, with a compouind of formula XX H-R
1 XX where R1 is as hereinbefore defined, or
analogously as herein described in the Examples. The
reaction is conveniently carried out using an organic
solvent, for example THF. Suitable reaction
temperatures from 20 C to 80 C. Compounds of formula
XIV are commercially available or may be obtained by
known procedures for preparing such compounds, or
analogously as herein described in the Examples.
Compounds of formula XV may be prepared by reacting a
compound of formula XXIwhere R1 and R2 are as
hereinbefore defined, and Lb is Ci-Cs-alkyl,
preferably methyl, with compound of formula XVII where
V is as hereinbefore defined, or analogously as herein
described in the Examples. Suitable reaction
temperatures from 80 C to 120 C. Compounds of formula
XVI may be prepared by reacting a compound of formula
XXII where R1, R2 and X are as hereinbefore defined
with a compound of formula XX where R1 is as
hereinbefore defined, or analogously as herein
described in the Examples. The reaction is
conveniently carried out using an organic solvent, for
example THF. Suitable reaction temperatures from 0 C
to 50 C. Compounds of formula XVII or XVIII are
commercially available or may be obtained by known
procedures for preparing such compounds, or
analogously as herein described in the Examples.
Compounds of formula XIX are prepared by reacting a
compound of formula XXIII where R2 and L are as
hereinbefore defined, with a compound of formula
XXIVwhere La is Q-Cs-alkyl and X is halo, preferably
chloro, or analogously as herein described in the
Examples. The reaction is conveniently carried out in
an inert environment, for example in argon, using an
organic solvent, for example deoxygenated
tetrahydrofuran, preferably in the presence of a base,
for example pyridine. Suitable reaction temperatures
from 0  C to 40 C, preferably room temperature.
Compounds of formula XX are commercially available or
may be obtained by known procedures for preparing such
compounds, or analogously as herein described in the
Examples. Compounds of formula XXI may be prepared by
dihydroxylating a compound of formula XXV where R1, R2
and Lb are as hereinbefore defined, or analogously as
hereinafter described in the Examples. Preferably a
dihydroxylating agent is used, such as osmium
tetroxide (OsO ), either in a stoichiometrical amount
or a catalytic amount, preferably together with a
re-oxidant, such as N-methylmorpholine N-oxide (NMO),
or alternatively using AD-mix-a or AD-mix-b. The
reaction is conveniently carried out using an organic
solvent, for example THF. Suitable reaction
temperatures from 0 C to 40 C, preferably room
temperature. Compounds of XXII may be prepared by
reacting a compound of formula XXVT where R2 and X are
as hereinbefore defined, with a compound of formula
XXVIIXXVIi where Lc is Ci-Cs-alkyl and X is halo,
preferably chloro, or analogously as herein described
in the Examples. The reaction is conveniently carried
out in an inert environment, for example in argon,
using an organic solvent, for example deoxygenated
tetrahydrofuran, preferably in the presence of a base,
for example pyridine. Suitable reaction temperatures
from 0 C to 40 C, preferably room temperature.
Compounds of formula XXIII may be prepared by reacting
a compound of formula XXVIII O- L XXVIII where R2 and
L are as hereinbefore defined, with (lS,4R)-cis
4-acetoxy-2-cyclopenten-l-ol in the presence of a
base, such sodium hydride, and a catalyst, such as
that generated from
tetrakis(triphenylphosphine)palladium and
triphenylphosphine, or analogously as herein described
in the Examples. The reaction is conveniently carried
out in an inert environment, for example in argon,
using an organic solvent, for example deoxygenated
tetrahydrofuran or dimethyl sulfoxide. Suitable
reaction temperatures from 60 C to 100 C, preferably
about 80 C. Compounds of formula XXTV are commercially
available or may be obtained by known procedures for
preparing such compounds, or analogously as herein
described in the Examples. Compounds of formula XXV
may be prepared by reacting a compound of formula XXIX
XXIXwhere R2 and Lb are as hereinbefore defined and Ld
is Ci-Cs-alkyl, preferably methyl, with a compouind of
formula XX where R1 is as hereinbefore defined, or
analogously as herein described in the Examples. The
reaction is conveniently carried out using an organic
solvent, for example THF. Suitable reaction
temperatures from 0 C to 50 C. Compounds of formula
XXVI may be prepared by reacting a coumpound of
formula XXX where R2 and X are as hereinbefore defined
and Le is Ci-Cs-alkyl, preferably methyl, with a
compouind of formula XX where R1 is as hereinbefore
defined, or analogously as herein described in the
Examples. The reaction is conveniently carried out
using an organic solvent, for example THF. Suitable
reaction temperatures from 0 C to 50 C. Compounds of
formula XXVII are commercially available or may be
obtained by known procedures for preparing such
compounds, or analogously as herein described in the
Examples. Compounds of XXVIII may be prepared by
reacting a salt compound of formula XXVIII where R2
and L are as hereinbefore defined with a silating
agent, for example (N,O-bis(trimethylsilyl)
acetamide), or analogously as herein described in the
Examples. The reaction is conveniently carried out in
an inert environment, for example in argon, using an
organic solvent, for example dry dichloromethane.
Suitable reaction temperatures from 60 C to 100 C,
preferably about 80 C. A preferred salt is
6-(2,2-Diphenyl-ethylamino)-9H-purine-2- 



carboxylic acid methyl ester hydrochloride, which is
prepared using the method described in international
patent application WO 01/94368. Compounds of formula
XXIX may be prepared by reacting a compound of formula
XXIwhere R2 and Lb are as hereinbefore defined, with a
compound of formula XXXII O XXXII -O X where Ld is
Ci-Cs-alkyl and X is halo, preferably chloro, or
analogously as herein described in the Examples. The
reaction is conveniently carried out in an inert
environment, for example in argon, using an organic
solvent, for example deoxygenated tetrahydrofuran,
preferably in the presence of a base, for example
pyridine. Suitable reaction temperatures from 0 C to
50 C, preferably room temperature. Compounds of
formula XXX may be prepared by reacting a compound of
formula XXXIII XXXII where R2 and X are as
hereinbefore defined, with a compound of formula XXXIV
O XXXlV where Le is Ci-Cs-alkyl and X is halo,
preferably chloro, or analogously as herein described
in the Examples. The reaction is conveniently carried
out in an inert environment, for example in argon,
using an organic solvent, for example deoxygenated
tetrahydrofuran, preferably in the presence of a base,
for example pyridine. Suitable reaction temperatures
from 0 C to 40 C, preferably room temperature.
Compounds of formula XXXI may be prepared by reacting
a compound of formula XXXVwhere R2 and Lb are as
hereinbefore defined, with (lS,4R)-cis
4-acetoxy-2-cyclopenten-l-ol in the presence of a
base, such sodium hydride, and a catalyst, such as
that generated from
tetrakis(triphenylphosphine)palladium and
triphenylphosphine, or analogously as herein described
in the Examples. The reaction is conveniently carried
out in an inert environment, for example in argon,
using an organic solvent, for example deoxygenated
tetrahydrofuran or dimethyl sulfoxide. Suitable
reaction temperatures from 60 C to 100 C, preferably
about 80 C; Compounds of formula XXXII are
commercially available or may be obtained by known
procedures for preparing such compounds, or
analogously as herein described in the Examples.
Compounds of formula XXXIII may be prepared by
reactinmg acompound of formula XXXVI XXXVl where R2
and X are as hereinbefore defined, with (lS,4R)-cis
4-Acetoxy-2-cyclopenten-l-ol in the presence of a
base, such sodium hydride, and a catalyst, such as
that generated from
tetrakis(triphenylphosphine)palladium and
triphenylphosphine, or analogously as herein described
in the Examples. The reaction is conveniently carried
out in an inert environment, for example in argon,
using an organic solvent, for example deoxygenated
tetrahydrofuran or dimethylsulf-oxide (DMSO). Suitable
reaction temperatures from 40 C to 60 C, preferably
about 50 C. Compounds of formula XXXIV are
commercially available or may be obtained by known
procedures for preparing such compounds, or
analogously as herein described in the
Examples.Compounds of formuila XXXV may be prepared by
reacting a salt compound of formula XXW where R2 and
Lb are as hereinbefore defined with a silating agent,
for example (N5Obis( trimethylsilyl)acetamide), or
analogously as herein described in the Examples. The
reaction is conveniently carried out in an inert
environment, for example in argon, using an organic
solvent, for example dry dichloromethane. Suitable
reaction temperatures from 60 C to 100 C5 preferably
about 80 C. A preferred salt is
6-(2,2-Diphenyl-ethylamino)-9H-purine-2- carboxylic
acid methyl ester hydrochloride, which is prepared
using the method described in international patent
application WO 01/94368. Compounds.of formula XXXVI
are commercially available or may be obtained by known
procedures for preparing such compounds, or
analogously as herein described in the
Examples.Compounds of formula I and their
pharmaceutically acceptable salts are useful as
pharmaceuticals. In particular, they activate the
adenosine A2Areceptor, i.e. they act as A2A receptor
agonists. Their properties as A2Aagonists may be
demonstrated using the method described by L. J .
Murphree et a\ in Molecular Pharmacology 61, 455-462
(2002). Compounds of the Examples hereinbelow have Ki
values below 3.0 mM in the above assay, and in most
cases below 1.0 mM. For example, the compounds of
Examples 1, 4, 7, 12, 22, 37, 40, 45, 47, 54, 64, 67,
77, 86, 96, 109, 127, 150 and 157 have K values of
0.197, 0.172, 0.043, 0.272, 0.138, 0.121, 0.067,
0.017, 0.010, 0.072, 0.049, 0.071, 0.020, 0.040,
0.002, 0.005, 0.003, 0.006 and 0.003 mM respectively.
Having regard to their activation of the adenosine A
Areceptor, compounds of formula I in free or
pharmaceutically acceptable salt form, hereinafter
alternately referred to as "agents of the invention",
are useful in the treatment of conditions which
respond to the activation of the adenosine A
Areceptor, particularly inflammatory or allergic
conditions. Treatment in accordance with the invention
may be symptomatic or prophylactic. Accordingly,
agents of the invention are useful in the treatment of
inflammatory or obstructive airways diseases,
resulting, for example, in reduction of tissue damage,
airways inflammation, bronchial hyperreactivity,
remodelling or disease progression. Inflammatory or
obstructive airways diseases and conditions to which
the present invention is applicable include acute lung
injury (ALI), adult/acute respiratory distress
syndrome (ARDS), chronic obstructive pulmonary,
airways or lung disease (COPD, COAD or COLD),
including chronic bronchitis or dyspnea associated
therewith, emphysema, as well as exacerbation of
airways hyperreactivity consequent to other drug
therapy, in particular other inhaled drug therapy. The
invention is also applicable to the treatment of
bronchitis of whatever type or genesis including,
e.g., acute, arachidic, catarrhal, croupus, chronic or
phthinoid bronchitis. Further inflammatory or
obstructive airways diseases to which the present
invention is applicable include pneumoconiosis (an
inflammatory, commonly occupational, disease of the
lungs, frequently accompanied by airways obstruction,
whether chronic or acute, and occasioned by repeated
inhalation of dusts) of whatever type or genesis,
including, for example, aluminosis, anthracosis,
asbestosis, chalicosis, ptilosis, siderosis,
silicosis, tabacosis and byssinosis. Other
inflammatory or obstructive airways diseases to which
the present invention is applicable include asthma of
whatever type or genesis including both intrinsic
(non-allergic) 



asthma and extrinsic (allergic) asthma, mild asthma,
moderate asthma, severe asthma,bronchitic asthma,
exercise-induced asthma, occupational asthma and
asthma induced following bacterial infection.
Treatment of asthma is also to be understood as
embracing treatment of subjects, e.g. of less than 4
or 5 years of age, exhibiting wheezing symptoms and
diagnosed or diagnosable as "wheezy infants", an
established patient category of major medical concern
and now often identified as incipient or early-phase
asthmatics. (For convenience this particular asthmatic
condition is referred to as "wheezy-infant syndrome".)
Prophylactic efficacy in the treatment of asthma will
be evidenced by reduced frequency or severity of
symptomatic attack, e.g. of acute asthmatic or
bronchoconstrictor attack, improvement in lung
function or improved airways hyperreactivity. It may
further be evidenced by reduced requirement for other,
symptomatic therapy, i.e. therapy for or intended to
restrict or abort symptomatic attack when it occurs,
for example anti-inflammatory (e.g. cortico-steroid)
or bronchodilatory. Prophylactic benefit in asthma may
in particular be apparent in subjects prone to
"morning dipping". "Morning dipping" is a recognised
asthmatic syndrome, common to a substantial percentage
of asthmatics and characterised by asthma attack, e.g.
between the hours of about 4 to 6 am, i.e. at a time
normally substantially distant from any previously
administered symptomatic asthma therapy. Having regard
to their anti-inflammatory activity, in particular in
relation to inhibition of eosinophil activation,
agents of the invention are also useful in the
treatment of eosinophil related disorders, e.g.
eosinophilia, in particular eosinophil related
disorders of the airways (e.g. involving morbid
eosinophilic infiltration of pulmonary tissues)
including hypereosinophilia as it effects the airways
and/or lungs as well as, for example,
eosinophil-related disorders of the airways
consequential or concomitant to Lffler's syndrome,
eosinophilic pneumonia, parasitic (in particular
metazoan) infestation (including tropical
eosinophilia), bronchopulmonary aspergillosis,
polyarteritis nodosa (including Churg-Strauss
syndrome), eosinophilic granuloma and
eosinophil-related disorders affecting the airways
occasioned by drug-reaction. Agents of the invention
are also useful in the treatment of inflammatory or
allergic conditions of the skin, for example
psoriasis, contact dermatitis, atopic dermatitis,
alopecia areata, erythema multiforma, dermatitis
herpetiformis, scleroderma, vitiligo, hypersensitivity
angiitis, urticaria, bullous pemphigoid, lupus
erythematosus, pemphisus, epidermolysis bullosa
acquisita, and other inflammatory or allergic
conditions of the skin.Agents of the invention may
also be used for the treatment of other diseases or
conditions, in particular diseases or conditions
having an inflammatory component, for example,
treatment of diseases and conditions of the eye such
as conjunctivitis, keratoconjunctivitis sicca, and
vernal conjunctivitis, diseases affecting the nose
including allergic rhinitis, and inflammatory disease
in which autoimmune reactions are implicated or having
an autoimmune component or aetiology, including
autoimmune haematological disorders (e.g. haemolytic
anaemia, aplastic anaemia, pure red cell anaemia and
idiopathic thrombocytopenia), systemic lupus
erythematosus, polychondritis, sclerodoma, Wegener
granulamatosis, dermatomyositis, chronic active
hepatitis, myasthenia gravis, Steven-Johnson syndrome,
idiopathic sprue, autoimmune inflammatory bowel
disease (e.g. ulcerative colitis and Crohn's disease),
endocrine opthalmopathy, Grave's disease, sarcoidosis,
alveolitis, chronic hypersensitivity pneumonitis,
multiple sclerosis, primary Miliary cirrhosis, uveitis
(anterior and posterior), keratoconjunct-ivitis sicca
and vernal keratoconjunctivitis, interstitial lung
fibrosis, psoriatic arthritis and glomerulonephritis
(with and without nephrotic syndrome, e.g. including
idiopathic nephrotic syndrome orminal change
nephropathy). Other diseases or conditions which may
be treated with agents of the invention include
diabetes, e.g. diabetes mellitus type I (juvenile
diabetes) and diabetes mellitus type II, diarrheal
diseases, ischemia/reperfusion injuries, retinopathy,
such as diabetic retinopathy or hyperbaric
oxygen-induced retinopathy, conditions characterised
by elevated intraocular pressure or secretion of
ocular aqueous humor, such as glaucoma, ischemic
tissue/organ damage from reperfusion and bedsores. The
effectiveness of an agent of the invention in
inhibiting inflammatory conditions, for example in
inflammatory airways diseases, may be demonstrated in
an animal model, e.g. a mouse or rat model, of airways
inflammation or other inflammatory conditions, for
example as described by Szarka et al,/. Immunol.
Methods (1997) 202:49-57; Renzi et al, Am. Rev.
Respir. Dis. (1993) 148:932-939; Tsuyuki et al.,/.
Clin. Invest. (1995) 96:2924-2931; Cernadas et al
(1999) Am. J. Respir. Cell MoI. Biol. 20:1-8; and
Fozard et al (2002) European Journal of
Pharmacological 438, 183-188. The agents of the
invention are also useful as co-therapeutic agents for
use in combination with other drug substances such as
anti-inflammatory, bronchodilatory, antihistamine or
anti tussive drug substances, particularly in the
treatment of obstructive or inflammatory airways
diseases such as those mentioned hereinbefore, for
example as potentiators of therapeuticactivity of such
drugs or as a means of reducing required dosaging or
potential side effects of such drugs. An agent of the
invention may be mixed with the other drug substance
in a fixed pharmaceutical composition or it may be
administered separately, before, simultaneously with
or after the other drug substance. Accordingly the
invention includes a combination of an agent of the
invention as hereinbefore described with an
anti-inflammatory, bronchodilatory, antihistamine or
anti-tussive drug substance, said agent of the
invention and said drug substance being in the same or
different pharmaceutical composition. Suitable
anti-inflammatory drugs include steroids, in
particular glucocorticosteroids such as budesonide,
beclamethasone dipropionate, fluticasone propionate,
ciclesonide or mometasone furoate, or steroids
described in WO 02/88167, WO 02/12266, WO 02/100879,
WO 02/00679 (especially those of Examples 3, 11, 14,
17, 19, 26, 34, 37, 39, 51, 60, 67, 72, 73, 90, 99 and
101), WO 03/35668, WO 03/48181, WO 03/62259, WO
03/64445, WO 03/72592, WO 04/39827 and WO 04/66920;
non-steroidal glucocorticoid receptor agonists, such
as those described in DE 10261874, WO 00/00531, WO
02/10143, WO 03/82280, WO 03/82787, WO 03/86294, WO
03/104195, WO 03/101932, WO 04/05229, WO 04/18429, WO
04/19935 and WO 04/26248; LTD4 antagonists such as
montelukast and zafirlukast; PDE4 inhibitors such
cilomilast (Ariflo(r) GlaxoSmithKline), Roflumilast
(Byk Gulden),V-11294A (Napp), BAY19-8004 (Bayer),
SCH-351591 (Schering-Plough), Arofylline (Almirall
Prodesfarma), PD189659 /PD168787 (Parke-Davis),
AWD-12-281 (Asta Medica), CDC-801 (Celgene),
SeICID(TM) CC-10004 (Celgene), VM554/UM565 (Vernalis),
T-440 (Tanabe), KW-4490 (Kyowa Hakko Kogyo), and those
disclosed in WO 92/19594, WO 



93/19749, WO 93/19750, WO 93/19751, WO 98/18796, WO
99/16766, WO 01/13953, WO 03/104204, WO 03/104205, WO
03/39544, WO 04/000814, WO 04/000839, WO 04/005258, WO
04/018450, WO 04/018451, WO 04/018457, WO 04/018465,
WO 04/018431, WO 04/018449, WO 04/018450, WO
04/018451, WO 04/018457, WO 04/018465, WO 04/019944,
WO 04/019945, WO 04/045607, WO 04/037805, WO
04/063197, WO 04/103998, WO 04/111044, WO 05012252, WO
05012253, WO 05/013995, WO 05/030725, WO 05/030212, WO
05/087744, WO 05/087745, WO 05/087749 and WO
05/090345; and adenosine A2Breceptor antagonists such
as those described in WO 02/42298.Suitable
bronchodilatory drugs include anticholinergic or
antimuscarinic agents, in particular ipratropium
bromide, oxitropium bromide, tiotropium salts and CHF
4226 (Chiesi), and glycopyrrolate, but also those
described in EP 424021, US 3714357, US 5171744, WO
01/04118, WO 02/00652, WO 02/51841, WO 02/53564, WO
03/00840, WO 03/33495, WO 03/53966, WO 03/87094, WO
04/018422 and WO 04/05285; and beta-2 adrenoceptor
agonists such as albuterol (salbutamol),
metaproterenol, terbutaline, salmeterol fenoterol,
procaterol, and especially, formoterol, carmoterol and
pharmaceutically acceptable salts thereof, and
compounds (in free or salt or solvate form) of formula
I ofWO 0075114, which document is incorporated herein
by reference, preferably compounds of the Examples
thereof, especially a compound of formula and
pharmaceutically acceptable salts thereof, as well as
compounds (in free or salt or solvate form) of formula
I ofWO 04/16601, and also compounds of EP 1440966, JP
05025045, WO 93/18007, WO 99/64035, US 2002/0055651,
WO 01/42193, WO 01/83462, WO 02/66422, WO 02/ 70490,
WO 02/76933, WO 03/24439, WO 03/42160, WO 03/42164, WO
03/72539, WO 03/91204, WO 03/99764, WO 04/16578, WO
04/22547, WO 04/32921, WO 04/33412, WO 04/37768, WO
04/37773, WO 04/37807, WO 04/39762, WO 04/39766, WO
04/45618 WO 04/46083, WO 04/80964, WO 04/087142, WO
04/089892, WO 04/108675, WO 04/108676, WO 05/033121,
WO 05/040103, WO 05/044787, WO 05/058867, WO
05/065650, WO 05/066140 and WO 05/07908. Suitable dual
anti-inflammatory and bronchodilatory drugs include
dual beta-2 adrenoceptor agonist / muscarinic
antagonists such as those disclosed in US
2004/0167167, WO 04/74246, WO 04/74812 and US
2004/0242622. Suitable antihistamine drug substances
include cetirizine hydrochloride, acetaminophen,
clemastine fumarate, promethazine, loratidine,
desloratidine, diphenhydramine and fexofenadine
hydrochloride, activastine, astemizole, azelastine,
ebastine, epinastine, mizolastine and tefenadine as
well as those disclosed in JP 2004107299, WO 03/099807
and WO 04/026841.Other useful combinations of agents
of the invention with anti-inflammatory drugs are
those with antagonists of chemokine receptors, e.g.
CCR-I, CCR-2, CCR-3, CCR-4, CCR-5, CCR- 6, CCR-7,
CCR-8, CCR-9 and CCRlO, CXCRl, CXCR2, CXCR3, CXCR4,
CXCR5, particularly CCR-5 antagonists such as
Schering-Plough antagonists SC-351125, SCH-55700 and
SCH-D, Takeda antagonists such as
N-[[4-[[[6,7-dihydro-2-(4-methylphenyl)-5H-benzocycloh
epten-
8-yl]carbonyl]amino]phenyl]-methyl]tetrahydro-N,N-dime
thyl-2H-pyran-4-aminium chloride (TAK-770), and CCR-5
antagonists described in US 6166037 (particularly
claims 18 and 19), WO 00/66558 (particularly claim 8),
WO 00/66559 (particularly claim 9), WO 04/018425 and
WO 04/026873. In accordance with the foregoing, the
invention also provides a method for the treatment of
a condition responsive to activation of the adenosine
A Areceptor, for example an inflammatory or allergic
condition, particularly an inflammatory or obstructive
airways disease, which comprises administering to a
subject, particularly a human subject, in need thereof
a compound of formula I in free form or in the form of
a pharmaceutically acceptable salt. In another aspect
the invention provides a compound of formula I, in
free form or in the form of a pharmaceutically
acceptable salt, for use in the manufacture of a
medicament for the treatment of a condition responsive
to activation of the adenosine AIA receptor,
particularly an inflammatory or obstructive airways
disease. The agents of the invention may be
administered by any appropriate route, e.g. orally,
for example in the form of a tablet or capsule;
parenterally, for example intravenously; by
inhalation, for example in the treatment of
inflammatory or obstructive airways disease;
intranasally, for example in the treatment of allergic
rhinitis; topically to the skin, for example in the
treatment of atopic dermatitis; or rectally, for
example in the treatment of inflammatory bowel
disease. In a further aspect, the invention also
provides a pharmaceutical composition comprising a
compound of formula I in free form or in the form of a
pharmaceutically acceptable salt, optionally together
with a pharmaceutically acceptable diluent or carrier
therefor. The composition may contain a co-therapeutic
agent such as an anti-inflammatory, bronchodilatory,
antihistamine or anti-tussive drug as hereinbefore
described. Such compositions may be prepared using
conventional diluents or excipients and techniques
known in the galenic art. Thus oral dosage forms may
include tablets and capsules. Formulations for topical
administration may take the form of creams, ointments,
gels or transdermal delivery systems,e.g. patches.
Compositions for inhalation may comprise aerosol or
other atomizable formulations or dry powder
formulations. When the composition comprises an
aerosol formulation, it preferably contains, for
example, a hydro-fluoro-alkane (HFA) propellant such
as HFAl 34a or HFA227 or a mixture of these, and may
contain one or more co-solvents known in the art such
as ethanol (up to 20% by weight), and/or one or more
surfactants such as oleic acid or sorbitan trioleate,
and/or one or more bulking agents such as lactose.
When the composition comprises a dry powder
formulation, it preferably contains, for example, the
compound of formula I having a particle diameter up to
10 microns, optionally together with a diluent or
carrier, such as lactose, of the desired particle size
distribution and a compound that helps to protect
against product performance deterioration due to
moisture e.g. magnesium stearate, typically 0.05-2.0%
magnesium stearate. When the composition comprises a
nebulised formulation, it preferably contains, for
example, the compound of formula I either dissolved,
or suspended, in a vehicle containing water, a
co-solvent such as ethanol or propylene glycol and a
stabiliser, which may be a surfactant. The invention
includes (A) a compound of formula I in inhalable
form, e.g. in an aerosol or other atomisable
composition or in inhalable particulate, e.g.
micronised, form, (B) an inhalable medicament
comprising a compound of formula I in inhalable form;
(C) a pharmaceutical product comprising a compound of
formula I in inhalable form in association 



with an inhalation device; and (D) an inhalation
device containing a compound of formula I in inhalable
form. Dosages of compounds of formula I employed in
practising the present invention will of course vary
depending, for example, on the particular condition to
be treated, the effect desired and the mode of
administration. In general, suitable daily dosages for
administration by inhalation are of the order of 0.005
to 10 mg, while for oral administration suitable daily
doses are of the order of 0.05 to 100 mg. The
invention is illustrated by the following
Examples.EXAMPLES Abbreviations used are as follows:
CDI is l,l'-carbonyldiimidazole, DCM is
dichloromethane, DIPEA is diisopropylethylamine, DMF
is dimethylformamide, THF is tetrahydrofuran, HPLC is
high Performance Liquid Chromatography, DMSO is
dimethyl sulfoxide, HCl is hydrochloric acid, TFA is
trifluoroacetic acid, and DMAP is
4-dimenthylaminopyridine. Preparation of intermediates
The following intermediates of formula (A) are shown
in Table 1 below, their method of preparation being
described hereinafter. TABLE l Intermediate AA
Carbonic acid
(lS.4R)-4-[2-chloro-6-(2,2-diphenyl-ethylamino)-purin-
9-yl]-cyclopent-2-enyl ester ethyl esterAAl)
(2-Chloro-9H-purin-6-yl)-(2,2-diphenyl-ethyl)-amine:
2,6-Dichlorop rine (20.00 g, 106 mmol) is dissolved in
THF (250 ml) under an atmosphere of argon.
Diisopropylamine (16.38 g, 127 mmol) is added followed
by 2,2-diphenylethylamine( 25.00 g, 127 mmol) and the
reaction mixture is stirred at 50 0C. The reaction is
shown to be complete by LCMS after 6 hours. 50% of the
solvent is removed in vacuo and replaced with MeOH.
The resulting precipitate is filtered off and dried to
give the title compound. 1H nmr (dg-DMSO, 400 MHz);
8.05(br s, IH) 5 7.35-7.10(m, 10H), 4.55(m, IH),
4.10(m, 2H), MS (ES+) mle 350 (MH+). AA2)
(lS,4R)-4-[2-Chloro-6-(2,2-diphenyl-ethylamino)-purin-
9-yl]-cyclo rent-2-enol:
(2-Chloro-9H-purin-6-yl)-(2,2-diphenyl-ethyl)-amine
(12.92 g, 36.97 mmol) is placed in an oven-dried flask
under an atmosphere of argon. Dry deoxygenated THF
(100 mL) and dry DMSO (2 mL) are added and the
suspension is cooled on an ice-bath. Sodium hydride
95% (0.89 g, 36.97 mmol) is then slowly added and the
solution is stirred at room temperature for 30
minutes. (lS,4R)-cis 4-Acetoxy-2-cyclopenten-l-ol
(5.00 g. 35.20 mmol) and triphenylphosphine (1.38 g,
5.28 mmol) are placed in an oven-dried flask under an
atmosphere of argon. Dry deoxygenated THF (50 mL) is
added. This solution is added to the anion solution
via syringe. Tetrakis(triphenylphosphine)palladium(0)
(2.03 g, 1.76 mmol) is then added and the reaction
mixture is stirred at 50 0C for 3 hours. The reaction
mixture is allowed to cool and the solvent is removed
in vacuo. The residue is taken up in dichloromethane
(50 ml) and poured into vigorously stirring diethyl
ether (300 mL). The precipitate is filtered off, the
filtrate is taken and the solvent is removed in vacuo
to give the title compound. 1H nmr (CDCl3, 400 MHz);
7.65(m, IH), 7.35-7.15(m, 10H), 6.35(m, IH), 5.90(m,
IH), 5.80(m, IH), 5.50(m, IH), 5.25(d, IH), 4.85(t,
IH), 4.35(t, IH), 4.25(m, 2H), 2.95(m, IH), 2.15(d,
IH), MS (ES+) mle 432 (MH ). AA3) Carbonic acid
(lS,4R)-4-[2-chloro-6-(2,2-diphenyl-ethylamino)-purin-
9-yl]-cyclopent-2- enyl ester ethyl ester:
(lS,4R)-4-[2-Chloro-6-(2,2-diphenyl-ethylamino)-purin-
9-yl]-cyclopent-2-enol (3.00 g, 6.95 mmol) is placed
in an oven-dried flask under an atmosphere of argon.
Dry THF (100 mL) is added followed by dry pyridine
(1.10 g, 13.90 mmol). Ethyl chloroformate (3.02 g,
27.80 mmol) is added slowly and the reaction mixture
is stirred at room temperature for 4 hours. The
solvent is removed in vacuo and the residue is
partitioned between dichloromethane (200 mL) and 10 %
citric acid (200 mL). The organic layer is washed with
water (150 ml) and brine (150 ml), dried over MgSO ,
filtered and the solvent is removed in vacuo. The
title compound is obtained after purification by flash
column chromatography (silica, iso-hexane /ethyl
acetate 2:1). 1H nmr (CDCl3, 400 MHz); 7.70(br s, IH),
7.35-7.15(m, 10H), 635(m, IH), 6.15(m, IH), 5.80(m,
IH), 5.65(m, 2H), 4.35(t, IH), 4.25(m, 2H), 4.20(q,
2H), 3.10(m, IH), 1.95(d, IH), 1.30(t, 3H), MS (ES+ )
m/e 504 (MH+). Intermediate AB Carbonic acid
(lS.4R)-4-(6-{[bis-(4-methoxy-phenyl)-methyl]-amino}-2
-chloro-purin-9-yl)- cyclopent-2-enyl ester ethyl
ester ABl) Bis-(4-methoxy-phenyl)-methanone oxime
4,4'-Dimethoxybenzophenone (25 g, 103 mmol) is
suspended in ethanol (150 mL) and pyridine (30 mL).
Hydroxylamine hydrochloride (21.50 g, 310 mmol) is
added and the reaction mixture is refluxed for 3
hours. The reaction mixture is allowed to cool and the
solvent is removed in vacuo. The residue is
partitioned between ethyl acetate (500 mL) and water
(500 mL). The organic layer dried is over MgSO ,
filtered and the solvent removed in vacuo. The title
compound is obtained following crystallisation from
ethylacetate/ cyclohexane. 1H nmr (CDCl3, 400 MHz);
7.70(s, IH), 7.40 (d of d, 4H), 6.95(d, 2H), 6.85(d,
2H), 3.85(s, 3H), 3.80(s, 3H). AB2)
C,C-Bis-(4-methoxy-phenyl)-methylamine
Bis-(4-methoxy-phenyl)-methanone oxime (20 g, 77.82
mmol) is suspended in ammonia (450 mL) and ethanol (90
mL). Ammonium acetate (3.00 g, 38.91 mmol) is added
followed by the portion-wise addition of zinc dust
(25.29 g, 389.1 mmol). Once the addition is complete
the reaction mixture is slowly heated to 50 0C. When
the effervescence has ceased the reaction mixture is
refluxed for 4 hours. The reaction mixture is allowed
to cool and ethyl acetate is added (250 mL). The
reaction mixture is filtered through Celite(r) and the
phases are separated. The organic layer dried is over
MgSO4, filtered and the solvent removed in vacuo to
give the title compound. 1H nmr (CDCl3, 400 MHz); 7.25
(d, 4H), 6.80 (d, 4H), 5.10(s, IH), 3.75(s, 6H). AB3)
Bis-(4-methoxy-phenyl)-methyl]-(2-chloro-9H-purin-6-yl
)-amine: The title compound is prepared from
2,6-dichloropurine and C,C-Bis-(4-methoxy-phenyl)-
methylamine (AB2) using a procedure analogous to that
of Intermediate AAl. 1H nmr (dg- DMSO, 400 MHz);
8.20(br s, IH), 7.25(d, 4H), 6.90(d, 4H), 3.75(s, 6H),
3.15(m, IH), MS (ES+) m/e 396 (MH ).AB4)
(lS,4R)-4-(6-{[Bis-(4-methoxy-phenyl)-methyl]-amino}-2
-chloro-purin-9-yl)-cyclopent-2- enol: The title
compound is prepared from
Bis-(4-methoxy-phenyl)-methyl]-(2-chloro-9H-purin-6-
yl)-amine (AB3) using a procedure analogous to that of
Intermediate AA2. 1H nmr (CDCb, 



400 MHz); 9.10(m, IH), 8.10(m, IH), 7.30(d, 4H),
6.90(d, 4H), 6.55(d, IH), 6.20(m, IH), 5.95(m, IH),
5.40(m, IH), 5.30(d, IH), 4.70(m, IH), 3.70(s, 6H),
2.90(m, IH), 1.70(m, IH), MS (ES+) mle 478 (MH+). AB5)
S-Oxy-benzotriazole-l-carboxylic acid ethyl ester: The
title compound is prepared from 1-hydroxybenzotriazole
by the procedure of Wuts, Peter G. M. et al Organic
Letters (2003), 5(9), 1483-1485. 1H nmr (CDCl3, 400
MHz); 8.20(d, IH), 8.00(d, IH), 7.75(t, IH), 7.55(t,
IH), 4.60(q, 2H), 1.55(t, 3H). AB6) Carbonic acid
(lS,4R)-4-(6-{[bis-(4-methoxy-phenyl)-methyl]-amino}-2
-chloro-purin-9- yl)-cyclopent-2-enyl ester ethyl
ester:
(lS,4R)-4-(6-{[Bis-(4-methoxy-phenyl)-methyl]-amino}-2
-chloro-purin-9-yl)-cyclopent-2-enol (8.00 g, 16.75
mmol) is placed in an oven-dried flask under an
atmosphere of argon. Dry pyridine (80 mL) is added
followed by diisopropylamine (16 mL). A catalytic
amount of DMAP is added followed by
3-oxy-benzotriazole-l-carboxylic acid ethyl ester
(6.94 g, 33.50 mmol). The reaction mixture is stirred
at room temperature. The reaction is shown to be
complete by TLC after 18 hours. The solvent is removed
in vacuo and the residue is partitioned between ethyl
acetate (500 mL) and 2M HCl (20OmL). The organic layer
is washed with water (150 ml) and brine (150 ml),
dried over MgSO , filtered and the solvent is removed
in vacuo. The title compound is obtained after
purification by flash column chromatography (silica,
dichloro-methane / methanol 50:1). 1H nmr (CDCI3, 400
MHz); 7.80(s, IH), 7.25(d of d, 4H), 6.85(d of d, 4H),
6.65(m, IH), 6.50(m, IH), 6.35(m, IH), 6.15(m, IH),
5.65(m, 2H), 4.25(q, 2H), 3.80(s, 6H), 3.10(m, IH),
1.95(m, IH), 1.35(t, 3H). Intermediate AC Carbonic
acid
(lS.4R)-4-(2.6-dichloro-purin-9-yl)-cyclopent-2-enyl
ester ethyl ester ACl )
(1S,4R)-4-(2,6-Dichloro-purin-9-yl)-cyclopent-2-enol:
2,6-Dichloropurine (10 g, 52.90 mmol), (lS,4R)-cis
4-Acetoxy-2-cyclopenten-l-ol (10 g. 70.40 mmol),
tris(dibenzylideneacetone)dipalladium(0) (3.20 g, 3.50
mmol) and polymer supported triphenylphosphine
(~3mmol/g, 11.60 g, 35.00 mmol) are placed in an
oven-dried flask under an atmosphere of argon. Dry
deoxygenated THF (80 mL) is added and the reaction
mixture isstirred gently for 5 minutes. Triethylamine
(20 mL) is added and the reaction mixture is stirred
at 50 0C. The reaction is shown to be complete by LCMS
after lhour. The reaction mixture is allowed to cool,
the polymer supported triphenylphosphine is filtered
off and the solvent is removed in vacuo. The title
compound is obtained after purification by flash
column chromatography (silica, dichloromethane /
methanol 25:1). 1H nmr (CDCI3, 400 MHz); 8.30(s, IH),
6.40(m, IH), 5.90(m, IH), 5.50(m, IH), 4.95(m, IH),
3.05(m, IH), 2.10(m, IH), MS (ES+ ) m/e 271 (MH+).
AC2) Carbonic acid
(lS,4R)-4-(2,6-dichloro-purin-9-yl)-cyclopent-2-enyl
ester ethyl ester: The title compound is prepared from
(lS,4R)-4-(2,6-Dichloro-purin-9-yl)-cyclopent-2-enol
(ACl) using a procedure analogous to that of
Intermediate AA3. Purification by crystallisation from
MeOH. 1H nmr (CDCl3, 400 MHz); 8.20(s, IH), 6.45(m,
IH), 6.25(m, IH), 5.75(m, IH), 5.70(m, IH), 4.25(q,
2H), 3.20(m, IH), 2.05(m, IH), 1.35(t, 3H), MS (ES+ )
m/e 343 (MH+). The following intermediates of formula
(B) are shown in the Table 2 below, the method of
preparation being described hereinafter. TABLE 2Method
of Producing a Substrate for an Optoelectronic
Application The present invention relates to a method
of producing a substrate for an optoelectronic
application, the substrate having at least one active
nitride layer on a final carrier and a metallic
intermediate layer therebetween, wherein the method
comprises: preparing of an auxiliary substrate wherein
one semi-conducting nitride layer is placed on an
auxiliary carrier; metallising the auxiliary substrate
on the side of the nitride layer; bonding of the
metallised carrier substrate with the final carrier;
and removing of the auxiliary carrier after the
bonding step. In the field of optical applications,
GaN based light emitting devices including light
emitting diodes (LEDs) and laser diodes attracted
great attention in recent years. Because these devices
are capable of the generation of short wavelength
emissions in UV and blue regions that can have many
practical applications such as high density storage,
high speed data processing, solid state lighting, flat
panel colour display, and quantum computing. However,
the realisation of GaN based layers is relatively
recent in comparison to GaAs based layers. Therefore,
the technology of GaN based layers is still in the
development stage, and many technical issues remain to
be addressed and resolved before those applications
can be realised. Considering the state of the art, it
is known to produce GaN-on-sapphire templates for blue
LED mass production. In a first step of a conventional
approach, a GaN nucleation layer is grown on a
sapphire substrate. In a second step, a two to four
microns thick GaN buffer layer is grown on the
nucleation layer. This growth step is very
time-consuming and takes typically from two to four
hours. In a last step, an InGaN/AIGaN/GaN-LED
structure including cladding layers, multiple quantum
valves and p-type layers with a total thickness of the
LED structure of about 1mm is grown on the GaN buffer
layer. Despite the fact that with this known
technology a high device yield can be achieved, the
resulting structures have some disadvantages. While
the sapphire substrate is less expensive, and a more
popular choice than a high cost GaN-substrate, it is
non-conductive,requiring two wire bonds on top of each
chip. With the electrical current travelling laterally
between these two contacts the packaging efficiency is
greatly reduced. While sapphire is transparent,
enabling more light to escape from the chip, it
unfortunately acts as a thermal insulator that traps
heat, dramatically reducing the high operating current
efficiency and ultimately limiting the available
applications. Furthermore, due to the lattice mismatch
and temperature expansion co-efficient difference
between sapphire and GaN, the GaN device structures
grown on a sapphire substrate are known to have many
defects that tend to effect the device performance.
Other factors such as the insulating property and
non-cleavage of sapphire material make manufacture of
a GaN light emitting device with the conventional
technology difficult. Instead of sapphire substrates,
SiC substrates can be used to grow thereon a
GaN-layer. However, although conductive, SiC traps a
substantial portion of the light being emitted since
massive absorption occurs only in the UV range.
Therefore, in another known approach for producing
vertical GaN-LEDs, under consideration of the above
mentioned advantages and disadvantages of sapphire and
SiC substrates, a sapphire substrate is used as the
initial GaN growth substrate followed by 



bonding a thermally and electrically conductive metal
layer on top of the GaN. By then employing an
appropriate lift-off technique, the sapphire substrate
is lifted off the GaN1 leaving it and the reflective
base ready for the fabrication of vertical devices.
The result of a vertical device being bonded to a
reflective metal layer that exhibits low thermal
resistance, and high electrical conductivity, leads to
efficient devices that lend themselves to thinner LED
packaging while remaining rugged enough to retain
comfortability with traditional die-mount techniques.
Due to a high brightness, this approach is especially
advantageous for back light applications such as
cellular phones, where a thinner die saves precious
space, as well as for high power / super bright
applications such as solid state white
lighting.Nevertheless, even this approach cannot
prevent the disadvantages leading from the difference
of material properties between the sapphire substrate
and the GaN-layer grown thereon. In particular, the
dislocation density of the active nitride layer(s) of
such substrates which is usually in the order of
108/cm2 strongly restrains the efficiency of optical
devices fabricated with such substrates. It is
therefore the object of the present invention to
provide a method of the above mentioned type in which
the crystalline quality of the active nitride layer(s)
can be improved. The object is solved by a method of
the above mentioned type wherein the step of preparing
the auxiliary substrate comprises: detaching a part
from a massive semi-conducting nitride substrate; and
transferring said part onto the auxiliary carrier to
form the semi-conducting nitride layer thereon. With
the inventive method, substrates for optoelectronic
applications having active layer(s) with a low density
of crystalline defects can be fabricated. In
particular, the dislocation density of the active
layer(s) can be brought to below 108/cm2 although the
active layer(s) can be made with a low thickness. This
has the effect that optoelectronic devices fabricated
by using these substrates can achieve a high
efficiency and lifetime at low dimensions and weight.
Furthermore, the intermediate metal layer can assure
good electrical conduction between the active nitride
layer(s) and the carrier substrate and can serve an
additional purpose as a thermal drain between the
active layer(s) and the carrier substrate. This way,
the final substrate can be well electrically contacted
and the thermal stress during operation can be kept to
a low value. According to a beneficial embodiment of
the present invention, the semi-conducting nitride
substrate is a GaN-substrate or an AIN substrate. GaN
and AIN have the advantage that the growth of these
materials as well as their properties are relatively
well known so that these materials can be provided
with a high crystal quality.In a favourable example of
the present invention, the massive semi-conducting
nitride substrate is produced with a dislocation
density of less than 106/cm2. Because of the very low
dislocation density of the semi-conducting nitride
substrate from which the semi conducting nitride layer
is detached, the nitride layer formed on the auxiliary
carrier has also a very low dislocation density
resulting in a low dislocation density of layer(s)
grown subsequently on the transferred semi-conducting
nitride layer. With this method, the active part of
the resulting substrate has a very good crystallinity
independent from the properties of the final carrier.
In a favourable example of the present invention, the
step of detaching and transferring comprises:
depositing of a dielectric layer on the
semi-conducting nitride substrate; implanting species
through the dielectric layer into a certain depth of
the nitride substrate to form therein a predetermined
splitting area; bonding of the nitride substrate on
the implanted side with the auxiliary carrier; and
thermal and/or mechanical treating of the nitride
substrate to split said substrate along the
predetermined splitting area. These steps are taken
from the known Smart Cut(tm) technology and lead to a
smooth and highly accurate transfer of a high quality
nitride layer with a defined thickness onto the
auxiliary carrier. In an advantageous embodiment of
the present invention, the auxiliary carrier is a
substrate selected from a group of materials
comprising silicon, GaAs and ZnO. These substrates can
provide a high mechanical strength which is explicitly
favourable during the step of detaching and
transferring in which the auxiliary carrier is under
relatively high mechanical stress. Furthermore, the
coefficient of thermal dilatation of GaAs and ZnO is
slightly higher than the coefficient of thermal
dilatation of typical semi-conducting nitride layers
such as GaN or AIN, resulting in an active layer of
the final substrate having only slight compression
which prevents occurrence of cracking effects in the
active layer. According to another beneficial variant
of the present invention, the auxiliary substrate is
annealed after the detaching and transferring step.
The annealing step reinforces connection at the
interface between the transferred nitride layer and
the auxiliary carrier.In a further example of the
present invention, a protective layer is brought onto
the transferred nitride layer before the annealing
step and is removed thereafter. This way, the
transferred nitride layer can be protected from
chemical influences in the annealing environment which
could otherwise lead to chemical reaction(s) with the
nitride layer or to other unintentional changes of
crystallinity or purity of the nitride layer. In
another preferred embodiment of the present invention,
the surface of the transferred nitride layer is
smoothed after the detaching and transferring step or
after the annealing step. The removal of a certain
degree of roughness of the transferred nitride layer
surface is favourable for its utilisation as a basis
for subsequent layers which can be better deposited on
a smooth subsurface. This smoothing step can be
implemented before or after the annealing step. It is
furthermore advantageous to deposit at least one
epitaxial nitride layer of a material of a group
comprising N-doped GaN, InGaN, AIGaN, undoped GaN and
P-doped GaN on the transferred nitride layer of the
auxiliary substrate. The additional epitaxial layer(s)
are well suited to form the active layer(s) of an
optoelectronic structure. In a further favourable
embodiment of the present invention, the metallic
intermediate layer is deposited on the at least one
epitaxial nitride layer. This way, the metallic
intermediate layer can form an Ohmic contact for the
at least one epitaxial nitride layer. Depending on the
metal species chosen to form the intermediate layer,
it could be useful to apply an annealing step in order
to create an alloy between the nitride material and
the metals used. This allows to shift from a Schottky
contact behaviour to an Ohmic contact behaviour. In
another example of the present invention, the method
further comprises providing a final carrier and
bonding of said final carrier on the metallised side
of the auxiliary substrate. The final carrier provides
a good mechanical support for the transferred nitride
layer and the 



deposited at least one epitaxial layer from the side
opposite to the auxiliary carrier. In a beneficial
variant of the present invention, the material of the
final carrier is selected from a group comprising
silicon, silicon carbide and copper. These materials
provide goodelectrical and thermal conductivity which
is particularly relevant for a later optoelectronic
application of the produced substrate wherein the
electrical conductivity can be used to form an Ohmic
contact on the final carrier and the thermal
conductivity serves to provide a good thermal drainage
for an optoelectronic device with the final carrier.
In a yet further advantageous embodiment of the
present invention, at least one reflection layer is
deposited onto the final carrier before the bonding
step of the final carrier with the auxiliary
substrate. The reflection layer serves as a mirror
between the active layer(s) and the final carrier so
that the light emitted from the active layer(s) will
not be absorbed by the final carrier. According to
another convenient embodiment of the present
invention, the auxiliary carrier is removed
mechanically and/or chemically after the bonding step,
wherein the nitride layer is used as a stop layer for
the removal step. In this step, the active layer(s) of
the final substrate can be excavated. In yet another
advantageous example of the present invention, the
transferred nitride layer is removed from the
substrate after the removal step of the auxiliary
carrier. The removal of non-essential layer(s), such
as the transferred nitride layer, improves the
efficiency of the whole structure since inutile
layer(s) would lead to an unwanted absorption of
photons emitted from the active layer(s). Further
advantageous objects of the present invention will
become more apparent with the following detailed
description when taken with reference to the
accompanying drawings in which: Figure 1 schematically
shows a step of providing a massive semi-conductive
nitride substrate according to an embodiment of the
present invention; Figure 2 schematically shows a
deposition step of a dielectric layer on the substrate
of Figure 1;Figure 3 schematically shows an
implantation step in the structure of Figure 2; Figure
4 schematically shows a bonding step of the structure
of Figure 3 with an auxiliary carrier; Figure 5
schematically shows a splitting step of the structure
of Figure 4; Figure 6 schematically shows a polishing
step of a split structure of Figure 5; Figure 7
schematically shows a deposition step of a protective
layer on the structure of Figure 6; Figure 8
schematically shows an annealing step of the structure
of Figure 7; Figure 9 schematically shows a removal
step of the protective layer of the structure of
Figure 7 after the annealing step of Figure 8; Figure
10 schematically shows a growth step of an epitaxial
layer on the structure of Figure 9; Figure 11
schematically shows a deposition step of a metal layer
on the structure of Figure 10; Figure 12 schematically
shows a final carrier with a reflection layer; Figure
13 schematically shows a bonding step between the
structures of Figure 11 and 12; Figure 14
schematically shows the structure of Figure 13 after a
removal step of the auxiliary carrier and the
dielectric layer; Figure 15 schematically shows the
structure of Figure 14 after the removal of a
semi-conducting nitride layer; andFigure 16
schematically shows a preparation of an electrical
contact on the structure of Figure 15. It should be
noted that the dimensions shown in the Figures are not
true to scale. While the present invention is
described with reference to the embodiments as
illustrated in the following detailed description as
well as in the drawings, it should be understood that
the following detailed description as well as the
drawings are not intended to limit the present
invention to the particular illustrative embodiments
disclosed, but rather to describe the illustrative
embodiments merely exemplifying the various aspects of
the present invention, the scope of which is defined
by the appended claims. According to the present
invention, an efficient method of producing substrates
for optoelectronic applications is provided which may
be used to fabricate optoelectronic devices such as
LED structures or laser diodes. The Figures 1 to 16
show an illustrative process flow of an embodiment of
the present invention. With reference to Figure 1, a
step of providing a massive semi-conducting nitride
substrate is shown. In the embodiment shown, the
massive semi-conducting nitride substrate is a
GaN-substrate 8 having a nitrogen face 18 on top and
on its bottom a gallium face 19. The massive
GaN-substrate has a hexagonal crystal structure with a
dislocation density of lower than 106/cm2. The
planarity of the substrate 8 is in the range of 20 mm.
The nitride substrate 8 has a thickness of about 150
to 750 mm. The nitrogen face 18 of the nitride
substrate 8 is polished and has a surface roughness of
lower than 0.3 nm RMS measured with an atomic force
microscope (AFM) over a field of some 1x1 mm2. The
above described technology can also be realised using
a semi-conducting nitride substrate of GaN with a
cubic crystal structure or with a cubic or hexagonal
monocrystallineAlN substrate instead of the hexagonal
GaN-substrate 8. In all of these cases, the
dislocation density of the substrate 8 should be
between 105 to 106/cm2 or even lower. Figure 2
schematically shows a deposition step of a dielectric
layer 9 on the massive semi-conducting nitride
substrate 8. This deposition step is performed on the
nitrogen face 18 of the nitride substrate 8. The
dielectric layer 9 can be a material selected from a
group comprising silicon dioxide, silicon nitride, a
combination of these materials or other dielectric
materials which have a good adhesion to the nitrogen
face 18 of the GaNsubstrate 8. The dielectric layer(s)
9 are favourably deposited by chemical vapour
deposition. Although not absolutely necessary, the
structure shown in Figure 2 can be thermally annealed
to densify the dielectric layer(s) 9. As illustrated
in Figure 3, the structure shown in Figure 2 is
implanted with species 10 in an implantation step. The
species 10 can be of hydrogen, helium or other
elements alone or in combination. In the embodiment
shown, the species 10 are implanted with energies
between 20 and 200 keV and with doses between 1015 and
1018 at/cm 2. The species 10 are implanted in a
certain depth d of the nitride substrate 8 forming
there a predetermined splitting area 11, at and around
the implantation depth d. 



According to Figure 4, the implanted structure of
Figure 3 is bonded on its implanted side with an
auxiliary carrier 6. The auxiliary carrier 6 is
preferably a silicon substrate, GaAs substrate or a
ZnO substrate but can also be of another material
which has relatively high mechanical stability since
this material will be highly stressed during a
following Smart Cut(tm) process in which the nitride
substrate 8 is split. In the case of GaAs or ZnO as
auxiliary substrate 6, the thermal dilatation
coefficient of the auxiliary carrier 6 is chosen or
adapted in such a way that it is slowly higher than
the thermal dilatation coefficient of GaN, resulting
in a structure having a GaN-layer with a slight
compression preventing an appearance of cracking in
this layer. As shown in Figure 5, the structure of
Figure 4 is split into two parts with thermal and/or
mechanical treatment. The stress applied due to that
treatment leads to the splitting of the structure of
Figure 4 along the predetermined splitting area 11.
The splitting step results intwo structures, a
residual part of the former semi-conductive nitride
substrate 8 and an auxiliary substrate 5 consisting of
the auxiliary carrier 6, the dielectric layer 9 and a
semi-conducting nitride layer 2 being a part of the
former semi-conducting nitride substrate 8. The split
structures have split surfaces 14 and 22 with an
increased roughness after the splitting step. With
reference to Figure 6, the auxiliary substrate 5 is
smoothed in a polishing step applied on the split
surface 14 of the nitride layer 2. After this
polishing step, the surface roughness of the GaN-layer
2 is of an atomic level which is only several
Angstroms when measured with an AFM. In the next step,
shown in Figure 7, a protective layer 13 is deposited
on the surface 14 of the GaN-layer 2. The protective
layer 13 is preferably a dielectric layer. As shown in
Figure 8, the structure of Figure 7 is thermally
annealed in an annealing equipment 20. The structure
is thermally treated in a temperature region between
500 and 1100 C in a gaseous atmosphere which permits
preservation of the crystal quality of the GaN-layer
2. The annealing step shown in Figure 8 can also be
applied before the polishing step shown in Figure 6
and can also be applied directly onto the auxiliary
substrate 5 without the deposition of the protective
layer 13 before the annealing step. The thermal
annealing step leads to an enforcement of the bonding
forces at the interface between the auxiliary carrier
6 and the dielectric layer 9. As shown in Figure 9,
the protective layer 13 which can be deposited before
the annealing step shown in Figure 8, is removed in a
removal step. In a favourable example of the
invention, the protective layer 13 can be removed with
a chemical treatment, for instance with HF. The
removal step results in the auxiliary substrate 5
having a smooth and clean gallium face 14 on top of
trie GaN-layer 2. The GaN-layer 2 is monocrystalline
with a crystal quality equivalent to the crystal
quality of the massive semi-conducting nitride
substrate 8 as shown in Figure 1. The surface of the
GaN-layer 2 is nearly free from particles. The
thickness of the GaN-layer 2 is, in one favourable
example of the invention, about 200nm.With reference
to Figure 10, in a further step an epitaxial layer 15
is deposited on the gallium face 14 of the GaN-layer
2. The epitaxial layer 15 can be deposited with a
known epitaxy method like MOCVD1MBE or HVPE. The
temperature applied during the epitaxial deposition
step is in the range between 700 and 11000C. For
example, the epitaxial layer(s) deposited in the step
shown in Figure 10 can be: of ntype GaN doped with Si
and having a thickness of about 0.2 mm, of InGaN, of
AIGaN and/or of p-tyre GaN doped with Mg. The total
thickness of the epitaxial layer(s) 15 is, in a
favourable example of the invention, about 0.5 mm. The
composition of the epitaxial layer(s) depends on the
efficiency and the wavelength of the optoelectronic
structure which shall be fabricated with the resulting
substrate. The dislocation density of the epitaxial
layer(s) 15 is nearly equivalent to the dislocation
density of the original GaN-substrate 8, that means
lower than 106/cm2. It is generally advantageous to
have epitaxial layer(s) with an increased thickness to
advance current propagation in the active layer(s) of
the resulting structure. In a next step, shown in
Figure 11, a metal layer 4 is deposited on the
epitaxial layer(s) 15. The metal layer 4 serves later
as an Ohmic contact to contact the resulting structure
electrically. The metal layer 4 can be of Ni/Au, Pt,
rhodium or another conductive material. With reference
to Figure 12, a final carrier 7 is provided on which a
reflection layer 17 is deposited. The final carrier 7
serves as a support substrate which is electrically
conductive with a low electrical resistivity and a
good thermal conductivity. The final carrier 7 can be
of silicon, SiC, copper or another conductive or
semi-conducting material. The reflection layer 17 can
be for instance of gold, aluminium or silver which
materials have good reflectivity. The reflection layer
17 acts later as a mirror layer arranged between the
final carrier 7 and the epitaxial layer(s) 15. Said
mirror is chosen depending on the emitted
wavelength(s) of the resulting structure. As
illustrated in Figure 13, the structures of Figures 11
and 12 are connected on the metal layer 4 and the
reflection layer 17 in a bonding step. The bonding
step leads to a molecular adhesion between the
structures of Figures 11 and 12 to provide a contact
therebetween using mechanical pressure and a certain
temperature.As shown in Figure 14, in a further step
the auxiliary carrier 6 and the dielectric layer 9 are
removed from the bonded structure in a removal step.
The removal step can comprise mechanical lapping
and/or polishing as well as a chemical attack using
the gallium nitride layer 2 as an etch stop layer. If
the final carrier 7 is of silicon, the removal can be
realised using mechanical treatment followed by
chemical treatment based on a TMAH or HF/HNO3
solution. Said chemical attack can be realised by
immersing the structure in a bath of said solution
using an equipment with which the structure can be
held in rotation and in which the auxiliary carrier
can be exposed to the chemical solution. The removal
of the auxiliary carrier can also be realised by using
only chemical treatment. In a next step shown in
Figure 15, the gallium nitride layer 2 is removed from
the structure shown in Figure 14. A removal of inutile
layers, such as the non-doped GaN-layer 2 can result
in an enhancement of efficiency of the resulting
structure since such layers would only lead to an
unfortunate absorption of photons. GaN absorbs, for
instance, UV radiation. With reference to Figure 16,
an electrical contact 2 1 is provided on the epitaxial
layer(s) 15. The resulting structure consists of the
final carrier 7, the reflection layer 17, the metal
layer 4, the epitaxial layer(s) 15 and the electrical
contact 2 1. The metal layer 4 and the reflection
layer 17 form together a metallic junction or metallic
intermediate layer between the carrier substrate 7 and
the epitaxial layer(s) 15. The metallic intermediate
layer can include or not include the reflection layer
17. In following steps which are not shown, the
structure shown in Figure 16 is further 



processed by using lithographic and etch steps for
chip fabrication, deposition steps of dielectric
layers for preservation of the structure and
deposition steps of metal layers to realise contacts
on both sides of the structure. As last steps, the
fabricated structures are separated into chips which
are packaged finally. With the inventive method, a
substrate with an active layer of very good crystal
quality and with eliminated inutile layers can be
realised for optoelectronic applications. The
goodcrystal quality is very important for a high
efficiency and long life span of the structures, in
particular for LED structures of laser diodes.
Furthermore, due to the elimination of GaN inutile
layers in the inventive method allows minimisation of
photon absorption in the active layer(s) resulting in
a high efficiency of light radiation. The inventive
technology uses the very good crystallinity of the
massive nitride substrate in a direct transfer of a
part of said substrate to the final substrate. This
way, the final active epitaxial layer(s) can be grown
directly on the high quality transferred part with the
same good crystallinity leading to high quality final
structures.CLAIMS 1. A method of producing a substrate
(1) for an optoelectronic application, the substrate
(1) having at least one active nitride layer (2, 15)
on a final carrier (7) and a metallic intermediate
layer (4) therebetween, wherein the method comprises:
preparing of an auxiliary substrate (5) wherein one
semi-conducting nitride layer (2) is placed on an
auxiliary carrier (6); metallising the auxiliary
substrate (5) on the side of the nitride layer (2);
bonding of the metallised auxiliary substrate (5) with
the final carrier (7); and removing of the auxiliary
carrier (6) after the bonding step characterised in
that the step of preparing the auxiliary substrate (5)
comprises: bonding the auxiliary carrier (6) with a
massive semi-conducting nitride substrate (8) having a
nitrogen face (18), on the side of the nitrogen face
(18) of the nitride substrate (8); and detaching a
part from the massive semi-conducting substrate (8) to
form the semi-conducting nitride layer (2) on the
auxiliary carrier (6). 2 . The method of claim 1,
characterised in that the semi-conducting nitride
substrate (8) is a GaN-substrate or an AIN substrate.
3. The method of one of the claims 1 or 2,
characterised in that the massive semi conducting
nitride substrate (8) is produced with a dislocation
density of less than 10L6/cm2. 4. The method of one of
the preceding claims, characterised in that the step
of detaching and transferring comprises: depositing of
a dielectric layer (9) on the semi-conducting nitride
substrate (8); implanting species (10) through the
dielectric layer (9) into a certain depth (d) of the
nitride substrate (8) to form therein a predetermined
splitting area (11); bonding of the nitride substrate
(8) on the implanted side (12) with the auxiliary
carrier (6); andthermal and/or mechanical treating of
the nitride substrate (8) to split said substrate (8)
along the predetermined splitting area ( 1 1). 5. The
method of one of the preceding claims, characterised
in that the auxiliary carrier (6) is a substrate
selected from a group of materials comprising silicon,
GaAs and ZnO. 6 . The method of one of the preceding
claims, characterised in that the auxiliary substrate
(5) is annealed after the detaching and transferring
step. 7. The method of claim 6, characterised in that
a protective layer (13) is deposited onto the
transferred nitride layer (2) before the annealing
step and is removed after the annealing step. 8. The
method of one of the preceding claims, characterised
in that the surface (14) of the transferred nitride
layer (2) is smoothed after the detaching and
transferring step or after the annealing step. 9. The
method of one of the preceding claims, characterised
in that at least one epitaxial nitride layer (15) of a
material of a group comprising n-type GaN, InGaN,
AIGaN, undoped GaN and p-type GaN is deposited on the
transferred nitride layer (2) of the auxiliary
substrate (5). 10. The method of claim 9,
characterised in that the metallic intermediate layer
(4) is deposited on the at least one epitaxial nitride
layer (15). 11. The method of claim 10, characterised
in that the method further comprises providing the
final carrier (7) and bonding of said final carrier
(7) on the metallised side (16) of the auxiliary
substrate (5).12. The method of claim 11,
characterised in that the material of the final
carrier (7) is selected from a group comprising
silicon, silicon carbide and copper. 13. The method of
one of the claims 11 or 12, characterised in that at
least one reflection layer (17) is deposited onto the
final carrier (7) before the bonding step of the final
carrier (7) with the auxiliary substrate (5). 14. The
method of one of the claims 11 to 13, characterised in
that the auxiliary carrier (6) is mechanically and/or
chemically removed after the bonding step, wherein the
nitride layer (2) is used as a stop layer for the
removal step. 15. The method of claim 14,
characterised therein that the transferred nitride
layer (2) is removed from the substrate (1) after the
removal step of the auxiliary carrier (6). 


