
Description PYRAZOLONE DERIVATIVES AS PDE4 INHIBITORS
Field of application of the invention The invention
relates to novel pyrazolone-derivatives, which are
used in the pharmaceutical industry for the
manufacture of pharmaceutical compositions. Known
technical background In the International patent
application WO98/31674 phthalazinone derivatives are
described as PDE4 inhibitors. In the International
patent applications WO02/064584, WO02/085906, WO2004/0
17974, WO2004/0 18449, WO2004/01 8451 , WO2004/01
8457, WO2005/075456 and WO2005/075457 phthalazinone-
or pyridazinone-derivatives with a piperidinyl
substituent are described as PDE4 inhibitors. In the
European patent application EP0126651
2,4-dihydro-5-[(substituted)
phenyl]-4,4-disubstituted-3Hpyrazol- 3-ones and
2,4-dihydro-5-[(substituted)
phenyl]-4,4-disubstituted-3H-pyrazol-3-thiones are
disclosed for use as cardiotonic and antihypertensive
agents. In USP2903460 pyrazolone derivatives with a
piperidinyl substituent are described as analgetic and
antipyretic compounds. Description of the invention It
has now been found that the pyrazolone-derivatives,
which are described in greater details below, have
surprising and particularly advantageous properties.
The invention relates to a compound of formula 1
wherein R 1 represents a phenyl derivative of formulae
(a) or (b)wherein R2 is selected from the group
consisting of 1-2C-alkoxy and 1-2C-alkoxy which is
completely or predominantly substituted by fluorine;
R3 is selected from the group consisting of
1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy
and 1-2C-alkoxy which is completely or predominantly
substituted by fluorine; R4 is selected from the group
consisting of 1-2C-alkoxy and 1-2C-alkoxy which is
completely or predominantly substituted by fluorine;
R5 is 1-2C-alkyl and R6 is selected from the group
consisting of hydrogen and 1-2C-alkyl; or R5 and R6
together and with inclusion of the two carbon atoms,
to which they are bonded, form a spiro-linked 5- or
6-membered hydrocarbon ring; R7 is 1-3C-alkyl and R8
is 1-3C-alkyl or R7 and R8 together with the carbon
atom, to which they are bonded, form a spiro-linked
3-, A-, 5- or 6-membered hydrocarbon ring, R9 is -N(R1
1)R12, wherein R 11 and R12 together and with
inclusion of the nitrogen atom to which they are
bonded, form a heterocyclic ring selected from the
group consisting of a pyrrolidin-2,5-dione-1-yl-,
isoindol-1 ,3- dione-2-yl-,
2-oxo-2,3-dihydro-1H-indol-1-yl-,
pyrrolidin-2-one-1-yl-, piperidin-2,6-dione-1-yl-,
morpholin-3,5-dione-4-yl-,
thiomorpholin-3,5-dione-4-yl-,
thiomorpholine-1-oxide-3,5-dione-4-yland a
thiomorpholine-1,1-dioxide-3,5-dione-4-yl-ring; and n
is 1 or 2 ; or a stereoisomer of the compound.
1-3-Alkyl is a straight-chain alkyl radical having 1
to 3 carbon atoms. Examples are the propyl, ethyl and
methyl radicals. 1-2C-Alkyl is a straight-chain alkyl
radical having 1 to 2 carbon atoms. Examples are the
ethyl and methyl radicals.1-2C-Alkoxy is a radical,
which in addition to the oxygen atom, contains a
straight-chain alkyl radical having 1 to 2 carbon
atoms. Examples are the ethoxy and the methoxy
radicals. 1-2C-Alkoxy which is completely or
predominantly substituted by fluorine is, for example,
the perfluoroethoxy, the 1,2,2-trifluoroethoxy, the
1,1 ,2,2-tetrafluoroethoxy, the 2,2,2-trifluoroethoxy,
the trifluoromethoxy and the difluoromethoxy radical,
of which the difluoromethoxy radical is preferred.
"Predominantly" in this connection means that more
than half of the hydrogen atoms of the 1-2Calkoxy
group are replaced by fluorine atoms. 3-5C-Cycloalkoxy
stands for cyclopropyloxy, cyclobutyloxy or
cyclopentyloxy. 3-5C-Cycloalkylmethoxy stands for
cyclopropylmethoxy, cyclobutylmethoxy or
cyclopentylmethoxy. As spiro-linked 5- or 6-membered
hydrocarbon rings may be mentioned the cyclopentane
and the cyclohexane ring. As spiro-linked 3-, A-, 5-
or 6-membered hydrocarbon rings may be mentioned the
cyclopropane, the cyclobutane, the cyclopentane and
the cyclohexane ring. In a preferred embodiment, the
invention relates to a compound of formula 1, wherein
R 1 represents a phenyl derivative of formulae (a) or
(b) wherein R2 is selected from the group consisting
of 1-2C-alkoxy and 1-2C-alkoxy which is completely or
predominantly substituted by fluorine; R3 is selected
from the group consisting of 1-2C-alkoxy,
3-5C-cycloalkoxy, 3-5Ccycloalkylmethoxy and
1-2C-alkoxy which is completely or predominantly
substituted by fluo rine; 



R4 is selected from the group consisting of
1-2C-alkoxy and 1-2C-alkoxy which is completely or
predominantly substituted by fluorine; R5 is
1-2C-alkyl and R6 is selected from the group
consisting of hydrogen and 1-2C-alkyl;- A - or R5 and
R6 together and with inclusion of the two carbon
atoms, to which they are bonded, form a spiro-linked
5- or 6-membered hydrocarbon ring; R7 is 1-3C-alkyl
and R8 is 1-3C-alkyl or R7 and R8 together with the
carbon atom, to which they are bonded, form a
spiro-linked 3-, A-, 5- or 6-membered hydrocarbon
ring, R9 is -N(R1 1)R12, wherein R 11 and R12 together
and with inclusion of the nitrogen atom to which they
are bonded, form a heterocyclic ring selected from the
group consisting of a pyrrolidin-2,5-dione-1-yl-,
isoindol-1,3- dione-2-yl-, pyrrolidin-2-one-1-yl-,
piperidin-2,6-dione-1-yl-, morpholin-3,5-dione-4-yl-,
thiomorpholin- 3,5-dione-4-yl-,
thiomorpholine-1-oxide-3,5-dione-4-yl- and
thiomorpholine-1,1-dioxide- 3,5-dione-4-yl-ring; and n
is 1 or 2 ; or a stereoisomer of the compound. In a
further preferred embodiment, the invention relates to
a compound of formula 1, wherein R 1 represents a
phenyl derivative of formulae (a) or (b) wherein R2 is
selected from the group consisting of 1-2C-alkoxy and
1-2C-alkoxy which is completely or predominantly
substituted by fluorine; R3 is selected from the group
consisting of 1-2C-alkoxy and 1-2C-alkoxy which is
completely or predominantly substituted by fluorine;
R4 is selected from the group consisting of
1-2C-alkoxy and 1-2C-alkoxy which is completely or
predominantly substituted by fluorine; R5 is
1-2C-alkyl and R6 is selected from the group
consisting of hydrogen and 1-2C-alkyl, or R5 and R6
together and with inclusion of the two carbon atoms,
to which they are bonded, form a spiro-linked 5- or
6-membered hydrocarbon ring; R7 is 1-3C-alkyl and R8
is 1-3C-alkylor R7 and R8 together with the carbon
atom, to which they are bonded, form a spiro-linked 5-
or 6-membered hydrocarbon ring; R9 is -N(R1 1)R12,
wherein R 11 and R12 together and with inclusion of
the nitrogen atom to which they are bonded, form a
heterocyclic ring selected from the group consisting
of a pyrrolidin-2,5-dione-1-yl-, isoindol-1,3-
dione-2-yl-, 2-oxo-2,3-dihydro-1H-indol-1-yl-,
pyrrolidin-2-one-1-yl-, piperidin-2,6-dione-1-yl-,
morpholin-3,5-dione-4-yl-,
thiomorpholin-3,5-dione-4-yl-,
thiomorpholine-1-oxide-3,5-dione-4-yland
thiomorpholine-1,1-dioxide-3,5-dione-4-yl-ring; and n
is 1 or 2 ; or a stereoisomer of the compound. In a
further preferred embodiment, the invention relates to
a compound of formula 1, wherein R 1 represents a
phenyl derivative of formulae (a) or (b) wherein R2 is
selected from the group consisting of 1-2C-alkoxy and
1-2C-alkoxy which is completely or predominantly
substituted by fluorine; R3 is selected from the group
consisting of 1-2C-alkoxy and 1-2C-alkoxy which is
completely or predominantly substituted by fluorine;
R4 is selected from the group consisting of
1-2C-alkoxy and 1-2C-alkoxy which is completely or
predominantly substituted by fluorine; R5 is
1-2C-alkyl and R6 is selected from the group
consisting of hydrogen and 1-2C-alkyl, or R5 and R6
together and with inclusion of the two carbon atoms,
to which they are bonded, form a spiro-linked 5- or
6-membered hydrocarbon ring; R7 is 1-3C-alkyl and R8
is 1-3C-alkyl or R7 and R8 together with the carbon
atom, to which they are bonded, form a spiro-linked 5-
or 6-membered hydrocarbon ring; R9 is -N(R1 1)R12,
whereinR 11 and R12 together and with inclusion of the
nitrogen atom to which they are bonded, form a
heterocyclic ring selected from the group consisting
of a pyrrolidin-2,5-dione-1-yl-, isoindol-1,3-
dione-2-yl-, pyrrolidin-2-one-1-yl-,
piperidin-2,6-dione-1-yl-, morpholin-3,5-dione-4-yl-,
thiomorpholin- 3,5-dione-4-yl-,
thiomorpholine-1-oxide-3,5-dione-4-yl- and
thiomorpholine-1,1-dioxide- 3,5-dione-4-yl-ring; and 



n is 1 or 2 ; or a stereoisomer of the compound. In a
further preferred embodiment, the invention relates to
a compound of formula 1, wherein R 1 represents a
phenyl derivative of formulae (a) or (b) wherein R2 is
selected from the group consisting of 1-2C-alkoxy and
1-2C-alkoxy which is completely or predominantly
substituted by fluorine; R3 is selected from the group
consisting of 1-2C-alkoxy and 1-2C-alkoxy which is
completely or predominantly substituted by fluorine;
R4 is selected from the group consisting of
1-2C-alkoxy and 1-2C-alkoxy which is completely or
predominantly substituted by fluorine; R5 is methyl
and R6 is hydrogen, or R5 and R6 together and with
inclusion of the two carbon atoms, to which they are
bonded, form a spiro-linked 5- or 6-membered
hydrocarbon ring; R7 is 1-3C-alkyl and R8 is
1-3C-alkyl; R9 is -N(R1 1)R12, wherein R 11 and R12
together and with inclusion of the nitrogen atom to
which they are bonded, form a heterocyclic ring
selected from the group consisting of a
pyrrolidin-2,5-dione-1-yl-, morpholin-
3,5-dione-4-yl-, thiomorpholin-3,5-dione-4-yl- and
thiomorpholine-1,1-dioxide-3,5-dione-4-ylring; and n
is 1 or 2 ;or a stereoisomer of the compound. In a
further preferred embodiment, the invention relates to
compounds of formula 1, wherein R 1 represents a
phenyl derivative of formulae (a) or (b) wherein R2 is
methoxy; R3 is methoxy; R4 is methoxy; R5 is methyl;
R6 is hydrogen, or R5 and R6 together and with
inclusion of the two carbon atoms, to which they are
bonded, form a spiro-linked 5- or 6-membered
hydrocarbon ring; R7 is methyl; R8 is methyl; R9 is
-N(R1 1)R12, wherein R 11 and R12 together and with
inclusion of the nitrogen atom to which they are
bonded, form a heterocyclic ring selected from the
group consisting of a pyrrolidin-2,5-dione-1-yl-,
morpholin- 3,5-dione-4-yl- and a
thiomorpholin-3,5-dione-4-yl-ring; and n is 1. In a
further preferred embodiment, the invention relates to
a compound of formula 1 or a stereoisomer thereof,
wherein R 1 represents a phenyl derivative of formula
(a) and R2, R3, R7, R8, R9 and n are as defined above.
In a further preferred embodiment, the invention
relates to a compound of formula 1 or a stereoisomer
thereof, wherein R 1 represents a phenyl derivative of
formula (a), R2 is methoxy, R3 is methoxy and R7, R8,
R9 and n are as defined above. In a further preferred
embodiment, the invention relates to a compound of
formula 1, wherein R 1 re presents a phenyl derivative
of formula (a), R7 is methyl, R8 is methyl and R2, R3,
R9 and n are as defined above.In a further preferred
embodiment, the invention relates to a compound of
formula 1, wherein R 1 represents a phenyl derivative
of formula (a), R2 is methoxy, R3 is methoxy, R7 is
methyl, R8 is methyl, and R9 and n are as defined
above. In a further preferred embodiment, the
invention relates to a compound of formula 1 or a
stereoisomer thereof, wherein R 1 represents a phenyl
derivative of formula (a), n is 1 and R2, R3, R7, R8
and R9 are as defined above. In a further preferred
embodiment, the invention relates to a compound of
formula 1, wherein R 1 represents a phenyl derivative
of formula (a), R2 is methoxy, R3 is methoxy, n is 1
and R7, R8 and R9 are as defined above. In a further
preferred embodiment, the invention relates to a
compound of formula 1, wherein R 1 represents a phenyl
derivative of formula (a), R2 is methoxy, R3 is
methoxy, R7 is methyl, R8 is methyl, n is 1 and R9 is
as defined above. In a further preferred embodiment,
the invention relates to a compound of formula 1 or a
stereoisomer thereof, wherein R 1 represents a phenyl
derivative of formula (a), R9 is
morpholin-3,5-dione-4-yl and R2, R3, R7, R8 and n are
as defined above. In a further preferred embodiment,
the invention relates to a compound of formula 1 or a
stereoisomer thereof, wherein R 1 represents a phenyl
derivative of formula (a), R9 is
morpholin-3,5-dione-4-yl, n is 



1 and R2, R3, R7 and R8 are as defined above. In a
further preferred embodiment, the invention relates to
a compound of formula 1 or a stereoisomer thereof,
wherein R 1 represents a phenyl derivative of formula
(a), R9 is pyrrolidin-2,5-dione-1-yl and R2, R3, R7,
R8 and n are as defined above. In a further preferred
embodiment, the invention relates to a compound of
formula 1 or a stereoisomer thereof, wherein R 1
represents a phenyl derivative of formula (a), R9 is
pyrrolidin-2,5-dione-1-yl, n is 1 and R2, R3, R7 and
R8 are as defined above. In a further preferred
embodiment, the invention relates to a compound of
formula 1 or a stereoisomer thereof, wherein R 1
represents a phenyl derivative of formula (b) and R4,
R5; R6, R7, R8, R9 and n are as defined above. In a
further preferred embodiment, the invention relates to
a compound of formula 1 or a stereoisomer thereof,
wherein R 1 represents a phenyl derivative of formula
(b), R4 is methoxy, R5 is methyl, R6 is hydrogen and
R7, R8 and R9 are as defined above.In a further
preferred embodiment, the invention relates to a
compound of formula 1 or a stereoisomer thereof,
wherein R 1 represents a phenyl derivative of formula
(b), R4 is methoxy, R5 and R6 together and with
inclusion of the two carbon atoms to which they are
bonded form a spiro-linked cyclopentane ring and R7,
R8 and R9 are as defined above. In a further preferred
embodiment, the invention relates to a compound of
formula 1 or a stereoisomer thereof, wherein R 1
represents a phenyl derivative of formula (b), R7 is
methyl, R8 is methyl, and R4, R5, R6, R9 and n are as
defined above. In a further preferred embodiment, the
invention relates to a compound of formula 1, wherein
R 1 re presents a phenyl derivative of formula (b), R4
is methoxy, R5 is methyl, R6 is hydrogen, R7 is
methyl, R8 is methyl and R9 and n are as defined
above. In a further preferred embodiment, the
invention relates to a compound of formula 1, wherein
R 1 re presents a phenyl derivative of formula (b), R4
is methoxy, R5 and R6 together and with inclusion of
the two carbon atoms to which they are bonded form a
spiro-linked cyclopentane ring, R7 is methyl, R8 is
methyl and R9 and n are as defined above. In a further
preferred embodiment, the invention relates to a
compound of formula 1 or a stereoisomer thereof,
wherein R 1 represents a phenyl derivative of formula
(b), n is 1 and R4, R5, R6, R7, R8 and R9 are as
defined above. In a further preferred embodiment, the
invention relates to a compound of formula 1 or a
stereoisomer thereof, wherein R 1 represents a phenyl
derivative of formula (b), R4 is methoxy, R5 is
methyl, R6 is hydrogen, n is 1 and R7, R8 and R9 are
as defined above. In a further preferred embodiment,
the invention relates to a compound of formula 1 or a
stereoisomer thereof, wherein R 1 represents a phenyl
derivative of formula (b), R4 is methoxy, R5 and R6
together and with inclusion of the two carbon atoms to
which they are bonded form a spiro-linked cyclopentane
ring, n is 1 and R7, R8 and R9 are as defined above.
In a further preferred embodiment, the invention
relates to a compound of formula 1, wherein R 1
represents a phenyl derivative of formula (b), R4 is
methoxy, R5 is methyl, R6 is hydrogen, R7 is methyl,
R8 is methyl, n is 1 and R9 is as defined above. In a
further preferred embodiment, the invention relates to
a compound of formula 1, wherein R 1 represents a
phenyl derivative of formula (b), R4 is methoxy, R5
and R6 together and with inclusion of the two carbon
atoms to which they are bonded form a spiro-linked
cyclopentane ring, R7 is methyl, R8 is methyl, n is 1
and R9 is as defined above.In a further preferred
embodiment, the invention relates to a compound of
formula 1 or a stereoisomer thereof, wherein R 1
represents a phenyl derivative of formula (b), R9 is
morpholin-3,5-dione-4-yl, and R4, R5, R6, R7, R8 and n
are as defined above In a further preferred
embodiment, the invention relates to a compound of
formula 1 or a stereoisomer thereof, wherein R 1
represents a phenyl derivative of formula (b), R9 is
morpholin-3,5-dione-4-yl, n is 1 and R4, R5, R6, R7
and R8 are as defined above. In a further preferred
embodiment, the invention relates to a compound of
formula 1 or a stereoisomer thereof, wherein R 1
represents a phenyl derivative of formula (b), R9 is
pyrrolidin-2,5-dione-1-yl, and R4, R5, R6, R7, R8 and
n are as defined above. In a further preferred
embodiment, the invention relates to a compound of
formula 1 or a stereoisomer thereof, wherein R 1
represents a phenyl derivative of formula (b), R9 is
pyrrolidin-2,5-dione-1-yl, n is 1 and R4, R5, R6, R7
and R8 are as defined above. It is to be understood
that the invention covers all combinations of
substituent groups referred to hereinabove. In
particular, the invention covers all combinations of
preferred groups described herein. The compounds of
the invention may contain, e.g. when isolated in
crystalline form, varying amounts of solvents.
Included within the scope of the invention are,
therefore, all solvates of the compounds of formula 1
and the stereoisomers thereof. Hydrates are a
preferred example of said solvates. The compounds of
formula 1 according to the invention include
stereoisomers. In case R7 and R8 re present different
groups and/or R5 and -CH 2R6 represent different
groups, the compounds according to the invention have
one or two stereogenic centers. Each of said
stereogenic centers may have the absolute
configuration R or the absolute configuration S
(according to Cahn, lngold and Prelog). Accordingly,
the stereoisomers (4R) and (4S) in case of a compound
of formula 1a* and the stereo isomers (2R, 4R), (2R,
4S), (2S, 4R) and (2S, 4R) in case of a compound of
formula 1b*are part of the invention (the numbers
refer to the atoms indicated in formulae 1a* and 1b*).
The invention further includes all mixtures of the
stereoisomers mentioned above independent of the
ratio, including the racemates. 



Some of the compounds of formula 1 or stereoisomers
thereof may exist in different crystalline forms
(polymorphs), which are within the scope of the
invention. The invention further relates to compounds
of formula 4 , which are key intermediates in the
process of producing the compounds of formula 1
according to the invention as described hereinafter.
The invention therefore also relates to a compound of
formula 4 , wherein R 1 represents a phenyl derivative
of formulae (a) or (b)wherein R2 is selected from the
group consisting of 1-2C-alkoxy and 1-2C-alkoxy which
is completely or predominantly substituted by
fluorine; R3 is selected from the group consisting of
1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy
and 1-2C-alkoxy which is completely or predominantly
substituted by fluorine; R4 is selected from the group
consisting of 1-2C-alkoxy and 1-2C-alkoxy which is
completely or predominantly substituted by fluorine;
R5 is 1-2C-alkyl and R6 is selected from the group
consisting of hydrogen and 1-2C-alkyl, or R5 and R6
together and with inclusion of the two carbon atoms,
to which they are bonded, form a spiro-linked 5- or
6-membered hydrocarbon ring; R7 is 1-3C-alkyl and R8
is 1-3C-alkyl or R7 and R8 together with the carbon
atom, to which they are bonded, form a spiro-linked
3-, A-, 5- or 6-membered hydrocarbon ring; a salt
thereof, a stereoisomer thereof or a salt of the
stereoisomer thereof. Salts of the compounds of
formula 4 or the salts of the stereoisomers thereof
include all inorganic and organic acid addition salts
and salts with bases, especially all pharmaceutically
acceptable inorganic and organic acid addition salts
and salts with bases, particularly all
pharmaceutically acceptable inor ganic and organic
acid addition salts and salts with bases customarily
used in pharmacy. Examples of acid addition salts
include, but are not limited to, hydrochlorides,
hydrobromides, phosphates, nitrates, sulfates,
acetates, trifluoroacetates, citrates, D-gluconates,
benzoates, 2-(4-hydroxybenzoyl) benzoates, butyrates,
subsalicylates, maleates, laurates, malates, lactates,
fumarates, succinates, oxalates, tartrates, stearates,
benzenesulfonates (besilates), toluenesulfonates
(tosilates), methanesulfonates (mesilates) and
3-hydroxy-2-naphthoates. Of these, hydrochlorides are
preferred. Examples of salts with bases include, but
are not limited to, lithium, sodium, potassium,
calcium, aluminum, magnesium, titanium, ammonium,
meglumine and guanidinium salts.The salts include
water-insoluble and, particularly, water-soluble
salts. The compounds of formula 4 , the salts, the
stereoisomers and the salts of the stereoisomers
thereof may contain, e.g. when isolated in crystalline
form, varying amounts of solvents. Included within the
scope of the invention are, therefore, all solvates of
the compounds of formula 4 , as well as the sol vates
of the salts, the stereoisomers and the salts of the
stereoisomers of the compounds of formula 4 . In a
preferred embodiment the invention relates to a
compound of formula 4 , wherein R 1 represents a
phenyl derivative of formulae (a) or (b) wherein R2 is
selected from the group consisting of 1-2C-alkoxy and
1-2C-alkoxy which is completely or predominantly
substituted by fluorine; R3 is selected from the group
consisting of 1-2C-alkoxy and 1-2C-alkoxy which is
completely or predominantly substituted by fluorine;
R4 is selected from the group consisting of
1-2C-alkoxy and 1-2C-alkoxy which is completely or
predominantly substituted by fluorine; R5 is
1-2C-alkyl and R6 is selected from the group
consisting of hydrogen and 1-2C-alkyl, or R5 and R6
together and with inclusion of the two carbon atoms,
to which they are bonded, form a spiro-linked 5- or
6-membered hydrocarbon ring; R7 is 1-3C-alkyl and R8
is 1-3C-alkyl or R7 and R8 together with the carbon
atom, to which they are bonded, form a spiro-linked 5-
or 6-membered hydrocarbon ring; a salt thereof, a
stereoisomer thereof or a salt of the stereoisomer
thereof. In another preferred embodiment, the
invention relates to a compound of formula 4 , wherein
R 1 represents a phenyl derivative of formulae (a) or
(b)wherein R2 is selected from the group consisting of
1-2C-alkoxy and 1-2C-alkoxy which is completely or
predominantly substituted by fluorine; R3 is selected
from the group consisting of 1-2C-alkoxy and
1-2C-alkoxy which is completely or predominantly
substituted by fluorine; R4 is selected from the group
consisting of 1-2C-alkoxy and 1-2C-alkoxy which is
completely or predominantly substituted by fluorine;
R5 is methyl and R6 is hydrogen, or R5 and R6 together
and with inclusion of the two carbon atoms, to which
they are bonded, 



form a spiro-linked 5- or 6-membered hydrocarbon ring;
R7 is 1-3C-alkyl and R8 is 1-3C-alkyl; a salt thereof,
a stereoisomer thereof or a salt of the stereoisomer
thereof. In a further preferred embodiment the
invention relates to compounds of formula 4 , wherein
R 1 represents a phenyl derivative of formulae (a) or
(b) wherein R2 is methoxy; R3 is methoxy; R4 is
methoxy; R5 is methyl; R6 is hydrogen,or R5 and R6
together and with inclusion of the two carbon atoms,
to which they are bonded, form a spiro-linked 5- or
6-membered hydrocarbon ring; R7 is methyl; R8 is
methyl; or a salt thereof. In a further preferred
embodiment, the invention relates to a compound of
formula 4 , wherein R 1 represents a phenyl derivative
of formula (a), R2 is methoxy, R3 is methoxy, R7 is
methyl and R8 is methyl, or a salt thereof. In a
further preferred embodiment, the invention relates to
a compound of formula 4 , wherein R 1 represents a
phenyl derivative of formula (b), R4 is methoxy, R5 is
methyl, R6 is hydrogen, R7 is methyl and R8 is methyl,
or a salt thereof. In a further preferred embodiment,
the invention relates to a compound of formula 4 ,
wherein R 1 represents a phenyl derivative of formula
(b), R4 is methoxy, R5 and R6 together and with
inclusion of the two carbon atoms, to which they are
bonded, form a spiro-linked cyclopentane-ring, R7 is
methyl and R8 is methyl, or a salt thereof. The
compounds of formula 4 include stereoisomers. In case
R7 and R8 represent different groups and/or R5 and -CH
2R6 represent different groups, the compounds of
formula 4 have one or two stereogenic centers. Each of
said stereogenic centers may have the absolute
configuration R or the absolute configuration S
(according to Cahn, lngold and Prelog). Accordingly,
the stereoisomers (4R) and (4S) in case of a compound
of formula 4a* and the stereoiso mers (2R, 4R), (2R,
4S), (2S, 4R) and (2S, 4R) in case of a compound of
formula 4b*are part of the invention (the numbers
refer to the atoms indicated in formulae 4a* and 4b*).
The invention further includes all mixtures of the
stereoisomers mentioned above independent of the
ratio, including the racemates. The compounds of
formula 1 and the compounds of formula 4 according to
the invention can be prepared as follows. As shown in
reaction scheme 1 the compounds of formula 1, wherein
R1, R7, R8 and R9 have the above-mentioned meanings
and n is 1 can be obtained by reacting a corresponding
compound of formula 2 with a compound of formula R9-H,
wherein R9 has the above-mentioned meanings in an
appropriate solvent, such as, for example
N,N-dimethylformamide, 1-methyl-pyrrolidin-2-one,
ethanol, 2-propanol, 1-propanol, butanol, acetonitril
or tetrahydrofurane, preferably in the presence of a
base, such as, for example potassium carbonate, sodium
carbonate or diisopropylethylamine and preferably at
raised temperature up to the boiling point of the
solvent being used. The compounds of formula 2 ,
wherein R1, R7 and R8 have the above-mentioned
meanings can be obtained by reacting a corresponding
compound of formula 4 with chloroacetylchloride or
chloroacetic anhydride in an inert solvent, such as,
for example dichloromethane, chloroform, toluene,
tetrahydro furane or acetonitril, preferably in the
presence of a base, such as, for example triethylamine
or diiso propylethylamine, preferably at a temperature
between O0C and ambient temperature. The compounds of
formula 1, wherein R 1, R7, R8 and R9 have the
above-mentioned meanings and n is 2 can be obtained by
reacting a corresponding compound of formula 3 with a
compound of formulaR9-H, wherein R9 has the
above-mentioned meanings in an appropriate solvent,
such as, for example N,N-dimethylformamide,
1-methyl-pyrrolidin-2-one, methanol, ethanol,
tetrahydrofurane, dichloromethane or toluene,
preferably in the presence of an base, such as, for
example potassium carbonate, sodium carbonate,
diisopropylethylamine or triethylamine, and preferably
at raised temperature up to the boiling point of the
solvent being used. The compounds of formula 3 ,
wherein R1, R7 and R8 have the above-mentioned
meanings can be prepared by reacting a corresponding
compound of formula 4 with prop-2-enoyl chloride in an
inert solvent, such as, for example dichloromethane,
chloroform, acetonitril or tetrahydrofurane,
preferably in the presence of a base, such as, for
example triethylamine or diisopropylethylamine. The
reaction is preferably carried out at ambient
temperature. The compounds of formula 4 , wherein R1,
R7 and R8 have the above-mentioned meanings can be
prepared by reacting a corresponding compound of
formula 5 with an in 4-position activated and in
1-position protected piperdine-derivative, such as,
for example tert-butyl 4-(toluene-4-sulfonyloxy)-
piperidine-1-carboxylate or tert-butyl
4-(methanesulfonyloxy)-piperidine-1-carboxylate in an
inert solvent, such as, for example
N,N-dimethylformamide, 1-methyl-pyrrolidin-2-one or
dioxane, in the presence of a strong base, such as,
for example sodium ethoxide, potassium tert-butoxide,
sodium hydride, and preferably at raised temperature,
such as, for example 80 to 15O0C. Alternatively, the
compounds of formula 4 , wherein R1, R7 and R8 have
the above-mentioned 



meanings can be prepared by reacting a corresponding
compound of formula 6 with piperidin-4- ylhydrazine
dihydrochloride in a methanol/water solvent system,
preferably at raised temperatures, especially at the
boiling point of the solvent system being used. The
compounds of formula 5 , wherein R1, R7 and R8 have
the above-mentioned meanings can be obtained by
reacting an appropriately substituted
a,a-disubstituted- b-oxobenzene propionic acid ester
of formula 6 with hydrazine hydrate in an appropriate
solvent, such as, for example an alcohol like ethanol
or methanol, preferably at raised temperature,
especially at the boiling point of the solvent being
used. The ester of the a,a-disubstituted- b-oxobenzene
propionic acid ester may be a 1-4C-alkyl ester;
particularly preferred is - as shown in reaction
scheme 1 - the methyl ester. The compounds of formula
6 , wherein R1, R7 and R8 have the above-mentioned
meanings can be prepared by reacting an activated
benzoic acid derivative of formula 8 , wherein R 1 has
the abovementioned meanings with an ester of formula 7
, wherein R7 and R8 have the above-mentioned mea
nings, in an inert solvent, such as, for example
tetrahydrofurane, diethyl ether, toluene,
N,N-dimethylformamide or 1-methyl-pyrrolidin-2-one, in
the presence of a strong base, such as for example
lithium diisopropylamine, butyl lithium or sodium
hydride, at low temperatures, preferably below -4O
0C.Suitable esters of formula 7 are for example methyl
2-methylproponate, methyl-2-methylbutanoate,
methyl-2-ethylbutanoate, methyl 2-methylpentanoate and
methyl cyclopentancarboxylate. The esters of formula 7
are commercially available or can be prepared
according to procedures known in the art. The
activated benzoic acid derivatives of formula 8 can be
obtained, for example, according to the procedures
described in the international patent applications
WO92/12961, WO94/02465, WO95/01338 and WO96/03399. An
alternative synthesis route to compounds of formula 5
is described in the European patent appli cation
EP0126651.CONTROL OF A MACHINING OPERATION This
invention relates to the machining and inspection of
components, and more particularly to methods for
controlling the machines used to perform such
operations. In a particular exemplary embodiment of
the invention, it is applied to the profile forming of
a rotor blade aerofoil for a gas turbine engine. In a
gas turbine engine, each of the rotor blades and
stator vanes is of aerofoil cross-section shape and
must conform with its intended design, within certain
specification limits. For example, each aerofoil has a
leading edge designed with a complex geometry to
deliver a specific effect. Deviations from the optimum
design may result in undesirable reductions in
performance, such as aerodynamic stall, compressor
surge or reduction in engine efficiency. In some
circumstances, relatively small deviations may have
significant effects on performance. A similar but
different complex geometry governs the definition of
the trailing edge of an aerofoil. Currently, aerofoil
and edge forming is either carried out using Lform
following' automated polishing techniques or by hand
finishing. These techniques simply follow the existing
component shape, essentially removing a constant
amount of material all over the surface, and thereby
either reduce the part thickness, or form a radius or
edge. The measurement of the surfaces and dimensions
produced by these methods is carried out as a
supplementary operation, following the process. Any
components that require correction or alteration to
fall within the specification limits are then
re-processed in an attempt to correct or modify sizes.
These existing processes are not capable of
determining the quality, variation or conformance of
incoming parts, and so these parameters cannot be
takeninto account in defining the operation to be
performed. The unknown condition of incoming
components has a large effect on the outgoing
conformance and on the profiles produced. When machine
tools are used to form components by removing
material, typically there is also progressive wear to
the tool face, which will change the profile of the
tool face as it is presented to the component. The
consequence of this is unpredictability in the amount
of material removed by the tool, and in the surface
profile and finish it will produce on the component.
This increases the variability of the components
produced by the process, and increases the number of
components that will not fall within the specification
limits when measured. 



The combination of these uncertainties leads (in spite
of the specification limits) to variability and
unpredictability in the geometry of the components
produced by known methods, with a consequent reduction
in their aerodynamic performance. It would therefore
be desirable to devise a method of forming such
components which will deliver more consistent
components whose geometry is closer to the design
intent. According to the present invention, there is
provided a method for performing a machining operation
on a part as claimed in the independent claims. An
embodiment of the invention will now be described, by
way of example only, with reference to the
accompanying drawing: Figure 1 is a schematic
illustration of a machining cell equipped to perform
one embodiment of the claimed method. In Figure 1 , a
machining cell is shown generally at 12. The cell 12
includes a number of machines and devices, whose
purpose and operation will be explained below. These
machines and devices are linked to a computer (not
shown)which can store and process information received
from the machines and devices, or their controllers,
and issue instructions to them. This cell is equipped
to perform a polishing operation on a rotor blade of a
gas turbine engine. As will become clear, the claimed
method is applicable to any single- or multiple-stage
manufacturing operation. Incoming blades are brought
into the cell on a conveyor 14. A part holder 16 is
shown, containing a number of blades 18 on which the
polishing operation is to be performed. Typically, in
use, a number of such trays would be queued on the
conveyor awaiting processing. An optical reader 20 can
detect the positions of the blades 18 within the part
holder 16, and can also read a component identifier,
such as a barcode (not shown) on each blade 18.
Directed by a part or part holder detector, which may
be the optical reader 20, a robot manipulator 22 takes
one blade 18 at a time from the part holder 16. An
example of such a manipulator is the Fanuc M16ib. The
end 24 of the manipulator arm 26 is equipped with a
gripper of suitable dimensions to hold the blades 18.
A change area 28 permits the storage of other
grippers, suitable for .other parts of different
design or size. Information in the component
identifier of the blade 18 can be used to direct the
manipulator to mount the correct gripper. The parts
may be new, in the process of first manufacture, or
they may be service-worn parts which are to be
refurbished for further service. The relevant
dimensions of the blade 18 are first measured, and the
measurements compared with design data defining the
required final shape of the blade following the
machining operation.This comparison may determine that
the required shape cannot be made (because, for
instance, there is insufficient material) . (This is
more likely in the case of service-worn parts than in
the case of new parts.) In this case the blade 18 will
be rejected and the next blade 18 selected from the
part holder 16. Rejected blades 18 are placed on the
conveyor 34 to be removed from the cell for assessment
elsewhere. Conversely, if the blade 18 is determined
to be within specification, then no work is required.
The blade 18 is replaced in the part holder 16 and the
next blade is selected. If the blade 18 is acceptable,
the comparison between the measured data and the
design data is used to define the controlling
parameters for the polishing operation, 



defining the material removal that is needed to
produce the required shape. The measured data and the
comparison data are stored in computer storage (for
example, a database) , using the component identifier
to link them to the blade. If the cell contains a
number of machines or tools, the data may also be used
to select a machine or tool to perform the machining
operation. The selection would be based on such
parameters as the part to be machined, the amount of
material to be removed and the surface finish
required. The machining operation may require only one
operation, or may require a sequence of operations
using one or more machines. For simplicity, a
machining operation will now be described in which
only a single polishing operation is performed. A
grinder 30 and a polishing machine 31 are provided in
the cell. The grinder 30 has a grinding wheel 32, and
the polishing machine 31 has a polishing wheel 33. The
blade 18 is delivered to the polishing machine 31 by
the manipulator 22. The blade is held in the gripper
ofthe manipulator arm 26 throughout the machining
operation. The measurements of the blade 18 made
previously, together with the known parameters of the
gripper and manipulator arm, are combined to determine
the position of the blade 18 relative to the polishing
machine 31 datums . In use, the polishing wheel 33
rotates, and the manipulator arm 26 is moved to cause
the blade 18 to bear against the surface of the wheel
33. The polishing wheel 33 must rotate at a known
speed and apply a known force to the blade 18, to
polish it in accordance with the calculated machining
schedule. (Different materials require different
speeds and pressures, and a finishing polish will
typically be at a lower pressure.) In use, the
polishing wheel 33 is subject to progressive wear. To
address this problem, the polishing machine 31
includes measuring means by which the condition of the
polishing wheel 33 can be determined in use, and its
position adjusted so that it continues to exert a
known force and surface speed on the blade 18. The
progressive wear will also lead to a change in the
profile of the polishing wheel, and so at suitable
points in the machining cycle the wheel will be
re-profiled to restore the correct profile and finish.
The measuring means can also determine the profile of
the polishing wheel. This process of measurement and
adjustment may take place part way through a machining
operation. Measuring devices incorporated into the
machines detect the temperature in the vicinity of the
tool. Optionally, further measuring devices in the
cell and within the machines detect the ambient
pressure and temperature. Changes in these parameters
may affect the machining operations, and so the data
from the measurements are fed back into the definition
of the machining operation to compensate for
environmental conditions. Such compensation will
normally take place in the initialdefinition of the
machining operation, but if a large change in
conditions is detected during a machining operation,
the component may also be re-measured or adjustments
may be made to the controlling parameters to ensure
that the final part is within the acceptance criteria
. A s well as using this information for direct
feedback control of the current process, the
information is stored so that, over time, statistical
information can be generated about the environmental
conditions in which the process is operating. This
information may be used to refine the process
definitions, and to apply predictive techniques to
process control. For example, if the statistical
information permits a better understanding of the
effects of changes in ambient temperature on the
process performance, then the process control
parameters 



can be changed as soon as ambient temperature changes,
ensuring that the products of the process will remain
within specification. After the polishing is complete,
the blade 18 is measured again by measuring equipment
36, and the measurements are compared with the design
data for the finished blade to determine whether the
polished blade 18 is acceptable. Because the
definition of the machining operation takes account of
the initial condition of the blade 18, the likelihood
is high that the blade 18 will be acceptable. The
results of the comparison are stored (once again,
linked to the part by the component identifier) , so
that information on any deviations can be used in
determining the parameters for the machining of future
parts, to further improve the process control. The
information from all previous machining operations can
be used to generate statistical information about the
process,and about adjustments and compensations needed
to produce consistent parts within specification. In
the unlikely event that too much material has been
removed, the blade 18 is rejected, placed on conveyor
34 and removed from the cell. Once the blade 18 meets
the acceptance criteria, it is returned by the
manipulator 22 to the part holder 16. The next blade
18 is then processed, and so on until all the blades
18 from the part holder 16 have been either processed
or rejected. The part holder 16 is then transferred to
the adjacent conveyor 15, and is moved out of the
cell. It will be appreciated that the embodiment
described represents only a single example of the
application of the claimed method, and that various
modifications may be made without departing from the
scope of the invention. The method is not limited to
aerofoil components or gas turbine components, but may
be applied to substantially any manufactured
component. The described embodiment performs only a
polishing operation. Even within the cell described,
the method may be applied to perform a grinding
operation, or successively to perform grinding and
polishing operations. The cell may contain more or
different machines, and may have a different layout.
Some examples of the machines that might be included
are grinding, linishing or polishing tools; polishing
mops; electrochemical finishing machines; apparatus
for surface treatment; hydrostatic presses; apparatus
for edge deburring. More than one example of a
particular machine may be included within a cell,
thereby increasing the cell's capacity to perform that
operation. The parts may be delivered into the cell,
and removed from it, using any convenient means.
Several sucharrangements are known, including the part
holders described, vibrating bowls, cassettes,
bandoliers, etc. Conveyors may be used, as shown, or
any other suitable transporting means. An alternative
handling means may be used instead of the robot
manipulator. The reading of part identity, as
described, uses barcodes but may equally well use
other techniques such as magnetic characters, magnetic
strips, surface-mounted or embedded RFID etc. or a
combination of any of these (for example, a visible 2D
or 3D barcode combined with an embedded RFID) . The
component identity may be used to confirm that the
expected part has been selected, and to reject an
incorrect part. In the case of RFID, the part history
and dimensions when last measured may be retrieved
from the RFID tag instead of from computer storage.
Likewise, details of work done by the cell, and
measurements made therein, may be stored back on to
the RFID tag instead of (or as well as) 



into computer storage. Contamination on parts may be
detected at the part selection stage, and a part may
be rejected if too contaminated. Some types of
contamination are detrimental to grinding and
polishing wheels; or contamination may be transferred
to subsequent parts. In the embodiment described, the
part is held by the gripper of the manipulator
throughout the machining operation. In other
embodiments, particularly where the parts are large,
heavy or complex, the part could be secured in a
separate fixture. The measurements of the part,
together with the known parameters of the fixture, may
be combined to determine the position of the blade 18
relative to the fixture datums . The manipulator may
then stow the gripper and select a suitable machining
tool to machine the part. This machining tool, mounted
on andguided by the manipulator, could then perform
the machining operation. Other, or additional, data
may be recorded and fed back into the process
controlling computer. The measuring devices and
sensors may be duplicated, to give greater confidence
in the measurements or to provide redundancy in case
of failures. The process-controlling computer may take
the form of a distributed control system. This may be
one in which the controllers of the individual
machines are linked, or may be one in which the
machines are autonomous with only an input trigger.
Where the component identity is stored by RFID,
information can be stored in the part itself. For
example, information about the service and machining
history of a part could be stored, and would then be
accessible during subsequent machining or assembly
operations. It will be appreciated that different
machines and different tools will suffer different
types of progressive wear from that described in
connection with grinding and polishing wheels, but the
same principle may be applied to measure and
compensate for that wear, and periodically to
re-profile or refurbish the tool or machine, where
that is appropriate. Information on the tool condition
and history may be stored and used to manage tool
replacement. The stored information can be used to
identify when a particular tool has reached the end of
its life, or can no longer be refurbished. The tool
can be flagged for manual replacement, or (in a
suitably equipped system) replaced automatically. It
is also possible to use this information to manage
tool selection, for example selecting a newer tool for
a more critical part or where surface finish is
particularly important, or selecting an older tool for
a less critical part or for a rough machining
operation.Statistics may be collected not just on the
parts, but also on the machines and their performance,
this data being used for predictive maintenance. This
information may also be used, for example, to prevent
high-precision parts from being processed on a machine
whose condition is determined to be poor or whose wear
is determined to be high. These parts may be rejected
from the incoming parts queue, rather than risk
producing out of tolerance parts. Such machines may
still be used for less critical parts, whose
specification lies within the determined capability of
the machine. This is advantageous where the cell
operates unattended, for instance through the weekend.
It is anticipated that a cell such as that described
would be integrated into a larger manufacturing
facility, so that completed parts would be transported
directly for the next processing step, for example
module build. The data stored with each part (and
identified by the component identifier) can be passed
on to the next process. This is likely to include
measured data on the dimensions of the 



part, but may also include relevant environmental
data, for example a temperature of the part at the end
of the machining operation. The provision of this
information to the next process reduces that need for
that process to make measurements, and also permits
the control parameters for that next process to
incorporate appropriate compensations. In this way the
conformity of the parts to their design intent is
maintained at a high level, and variation between the
key parameters of parts is minimised. Cells may adjoin
one another without human or conveyor transport
between, so that, for example, a part finishing cell
directly feeds an assembly and welding cell, which in
turn feeds a module finishing and packing cell.There
is thus provided a method for performing a machining
operation that offers a significant improvement over
known methods . The initial machining instructions are
derived from the design intent (the shape definition)
. By feeding back information measured from the parts,
from the tools and machines, and from the environment,
to modify the controlling parameters for the machining
operations, the claimed method produces parts that are
more consistent, and whose geometry is closer to the
design intent. Their performance is therefore
improved. This also allows the machining parameters to
be varied and optimised for the conditions and to
minimise the processing time and the amount of
material working. By recording the information for all
machining operations, statistical data can be
generated, and the process control can be further
improved by applying this statistical knowledge. This
knowledge is used to control the part final shape,
tooling maintenance and machine maintenance. By
storing information relevant to each part, so that it
can be passed on to subsequent operations in the
manufacturing route, the number of discrete measuring
operations is reduced, and by taking the known
information into account when setting control
parameters the conformity of the finished parts is
improved. The use of environmental information permits
initial control parameters to be set with more
confidence. This reduces the total cycle time for
making a part and reduces the number of handling
operations performed.CLAIMS 1 . A method for
performing a machining operation on a part, the method
characterised in that it incorporates closedloop
control based on feedback of measured parameters . 2 .
A method as in claim 1 , in which the feedback is used
to adjust the controlling parameters for the machining
operation. 3 . A method as in claim 1 or claim 2 , in
which the measured parameters comprise one or more of:
part measurements, tool measurements, machine
measurements, environment measurements . 4. A method
as in any preceding claim, in which the measured
parameters are stored and can be shared with other
operations in the manufacturing route of the part. 5 .
A method as in any preceding claim, in which at least
some of the measured parameters are used to generate
statistical information about the machining operation.
6 . A method as in claim 5 , in which the statistical
information is used to adjust the controlling
parameters for the machining operation. 7 . A method
substantially as described in this specification, with
reference to and as shown in the accompanying drawing.


