
Oxadiazole derivatives The present invention relates
to oxadiazoles, their use as medicaments and their use
for treating multiple sclerosis and other diseases. In
particular, the invention relates to compounds of
formula (I): wherein R1, R2 denote H, Hal, CF3, OCF3,
CN, or NO2, OH, A, OA, S is COOR3, SO2NH2, CON(R3)2 or
Z Q denotes X(CH2)m, (CH2)mX(CH2)m or a single bond, X
is -0-, -NR3- , -COO- or -CONR 3- W denotes CH or N,
Ra is Ar, Het, NA2 NO2, or if R1 or R2 is Hal, or if Q
is (CH2)mX(CH2)m, also OA. Rb is, A, Hal,
OCF3,(CH2)nOH, (CH2)nOA, CN, NO2, N(R3)2,
(CH2)nSO2N(R3)2, SO2N(R3)2, (CH2)nNR3SO2A, (CH2)nSO2A
, (CH2)nN(SO2A)2, NR3CON(R3) or NR3COA, NR3SO2N(R3 2,
or if R1 or R2 is Hal, also CF3, OR3. is branched or
linear alkyl having 1 to 12 C-atoms, wherein one or
more, preferably 1 to 7 H-atoms may be replaced by
Hal, OR3, COOR3, CN, N(R3)2 or Het and wherein one or
more, preferably 1 to 7 non-adjacent CH2-groups may be
replaced by O, NR3, CO or S and/or by -CH=CH- or
-CC-groups or cycloalkylene groups having 3 to 7carbon
atoms, or denotes cycloalkyl or cycloalkylalkylen
having 3-7 ring C atoms Z is branched or linear alkyl
chain having 1 to 12 C-atoms, wherein one or more,
preferably 1 to 7 H-atoms are replaced by OR3, COOR3,
CON(R3)2, CN, SO2A, N(R3)2 or Het and/or wherein one
or more, preferably 1 to 7 non-adjacent CH2-groups are
replaced by -0-, -COO- , -NR3- , -NBoc-, -CO- or -S-,
-SO2- and/or by -CH=CH- or -CCgroups or cycloalkylene
groups having 3 to 7 carbon atoms, or denotes
cycloalkyl or cycloalkylalkylen having 3-7 ring C
atoms Hal is F, Cl, Br or I, Ar denotes a monocyclic
or bicyclic, saturated, unsaturated or aromatic
carbocyclic ring having 6 to 14 carbon atoms, which
may be monosubstituted, disubstituted or
trisubstituted by Hal, A, OR3, N(R3)2, NO2, CN, COOR3,
CF3, OCF3, CON(R3)2, NR3COA, NR3CON(R3)2, NR3SO2A,
COR3, SO2N(R3)2, SOA Or SO2A, phenyl, pyridyl
-[C(R3)2]n-COOR3 and/or -O[C(R3)2]n-CON(R3)2, such
that at least one atom adjacent to the atom linking
the group Ar to the rest of the molecule bears one of
said substituents. Het denotes a monocyclic or
bicyclic, saturated, unsaturated or aromatic
heterocyclic ring having 1 to 4 N, O and/or S atoms
which may be monosubstituted, disubstituted or
trisubstituted by Hal, A, -[C(R3)2]n-Ar,
-[C(R3)2]n-cycloalkyl, OR3, CF3, OCF3, N(R3)2,
NR3CON(R3) , NO2, CN, -[C(R3)2]n-COOR3,
-[C(R3)2]n-CON(R 3)2, NR3COA, NR3SO2A, COR3,
SO2N(R3)2, SOA, phenyl, pyridyl and/or SO2A, such that
at least one atom adjacent to the atom linking the
group Het to the rest of the molecule bears one of
said substituents. R3 is H or A; 2 geminal groups R3
together may form a ring with the atom they are
attached to. n is O, 1, 2 , 3 , 4 , 5, 6, 7 o r 8 ,
andm is 1, 2, 3, 4, 5, 6, 7 or 8 and pharmaceutically
acceptable derivatives, solvates, tautomers, salts and
stereoisomers thereof, including mixtures thereof in
all ratios. The compounds of formula (I) are
preferably binding on receptors for sphingosine 1-
phosphate (S1 P). S 1P is a bioactive sphingolipid
metabolite that is secreted by hematopoietic cells and
stored and released from activated platelets. It acts
as an agonist on a family of G protein-coupled
receptors (GPCR). Five sphingosine 1-phosphate
receptors have been identified (S1 Pi, SI P2, SI P3,
SI P4, and SI P5, also known as endothelial
differentiation genes, which are Edg1 , Edg5, Edg3,
Edg6 and Edgd respectively), that have widespread
cellular and tissue distribution and are well
conserved in human and rodent species. S 1P is
involved in a number of cellular functions such as
survival, proliferation and immunological responses.
The compounds of the present invention are preferably
acting as S 1Pi/Edg1 receptor agonists and thus have
immunosuppressive activities by modulating leukocyte
trafficking, sequestering lymphocytes in secondary
lymphoid tissues, and interfering with cell-cell
interactions required for an efficient immune
response. The invention is also directed to
pharmaceutical compositions containing such compounds
and methods of treatment or prevention. FTY720
orfingolimod, a non selective S 1P1 agonist, exerts
immunosuppressive activity and shows therapeutic
effects in the treatment of relapsing-remitting
multiple sclerosis. Numerous publications have been
already published using this compound: Cyster JG Annu
Rev Immunol 23:127-59, 2005, Rosen H Nat Rev Immunol
5:560-570, 2005, Rosen H Trends Immunol 28:102-107,
2007, Yopp AC Clin Transplant 20:788-795, 2006, Kappos
L N Engl J Med 355:1 124-1 140, 2006, Massberg S N
Engl J Med 355:1088-1089, 2006. Immunosuppressive
agents are further useful in a wide variety of
autoimmune and chronic inflammatory diseases,
including systemic lupus erythematosus, chronic
rheumatoid arthritis, type I diabetes mellitus,
inflammatory bowel diseases, biliary cirrhosis,
uveitis and other disorders such as Crohn's diseases,
ulcerative colitis, bullous pemphigoid, sarcoidosis,
psoriasis, autoimmune myositis, Wegener's
granulomatosis, ichthyosis, Graves ophthalmopathy,
atopic dermatitis and asthma. They are also useful as
part of chemotherapeutic regimens for the treatment of
cancers, lymphomas and leukemias.Patent application
WO2006/131336 describes oxadiazoles derivatives
containing a biphenyl ring. Further oxadiazole
derivatives containing a phenyl group substituted with
a cycloalkyl group are known from Bioorg Med. Chem.
Lett. 16 (2006) 3679-3683. It has been found that the
compounds of the present invention are selective S 1P1
agonists with improved pharmacological and/ or other
properties. The present invention uses compounds of
Formula (I) and pharmaceutically usable derivatives,
salts, tautomers, solvates and stereoisomers thereof,
including mixtures thereof in all ratios, for the
preparation of a medicament for the treatment and/or
prophylaxis of diseases in which the inhibition,
activation, regulation, and/or modulation of S 1Pi
receptor signal transduction plays a role. Thus, the
present invention preferably comprises compounds which
are agonists of the S 1P -i/Edg1 receptor, especially
having selectivity over the S 1P3/Edg3 receptor. An S
1P -i/Edg1 receptor selective agonist has advantages
over current therapies and extends the therapeutic
window of lymphocyte sequestration agents, allowing
better tolerability with higher dosing and thus
improving efficacy. The invention further relates to
the manufacture of a medicament for the improvement of
vascular function, either alone or in combination with
other active compounds or therapies. The oxadiazole
compounds according to formula (I) may be prepared
from readily available starting materials using the
following general methods and procedures. It will be
appreciated that where typical or preferred
experimental conditions (i.e. reaction temperatures,
time, moles of reagents, solvents etc.) are given,
other experimental conditions can also be used unless
otherwise stated. Optimum reaction conditions may vary
with the particular reactants or solvents used, but
such conditions can be determined by the person
skilled in the art, using routine optimisation
procedures. The following abbreviations refer
respectively to the definitions below: aq (aqueous), h
(hour), g (gram), L (liter), mg (milligram), MHz
(Megahertz), mM (micormolar) min. (minute), mm
(millimeter), mmol (millimole), mM (millimolar), m.p.
(melting point), eq (equivalent), mL (milliliter), ml_
(microliter), ACN (acetonitrile), BINAP
(2,2'-bis(disphenylphosphino)-1 ,1 '-binaphthalene,
BOC (tertbutoxy- carbonyl), CBZ (carbobenzoxy), CDCI3
(deuterated chloroform), CD3OD (deuterated methanol),
CH3CN (acetonitrile), c-hex (cHex), DCC (dicyclohexyl
carbodiimide), DCM (DCM), dppf ( 1
,1'-bis(diphenylphosphino)ferrocene), DIC(diisopropyl
carbodiimide), DIEA (diisopropylethyl-amine), DMF
(dimethylformamide), DMSO (dimethylsulfoxide), DMSO-d6
(deuterated dimethylsulfoxide), EDC (i-
-dimethyl-amino-propyO-S-ethylcarbodiimide), ESI
(Electro-spray ionization), EtOAc (EtOAc), Et20
(diethyl ether), EtOH (ethanol), FMOC
(fluorenylmethyloxycarbonyl), HATU
(dimethylamino-([1,2,3]triazolo[4,5-
b]pyridin-3-yloxy)-methylene]-dimethyl-ammonium
hexafluorophosphate), HPLC (High Performance Liquid
Chromatography), i-PrOH (2-propanol), K2CO3 (potassium
carbonate), LC (Liquid Chromatography), MD Autoprep
(Mass directed Autoprep), MeOH (methanol), MgSO4
(magnesium sulfate), MS (mass spectrometry), MTBE
(Methyl tert-butyl ether), Mtr. ( 4-Methoxy-2, 3, 6-
trimethylbenzensulfonyl), MW(microwave), NBS (N-bromo
succinimide), NaHCO3 (sodium bicarbonate), NaBH4
(sodium borohydride), NMM (N-methyl morpholine), NMR
(Nuclear Magnetic Resonance), POA (phenoxyacetate), Py
(pyridine), PyBOP(r) (benzotriazole-1
-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate), RT (RT), Rt (retention time),
SPE (solid phase extraction), TBTU
(2-(1-H-benzotriazole-1-yl)-1 ,1
,3,3-tetramethylurornium tetrafluoro borate), TEA
(triethylamine), TFA (trifluoroacetic acid), THF
(THF), TLC (Thin Layer Chromatography), UV
(Ultraviolet). Depending on the nature of R1, R2, Ra,
Rb,W, Q, and S, different synthetic strategies may be
selected for the synthesis of compounds of formula
(I). In the process illustrated in the following
schemes R1, R2, Ra, Rb, W, Q, and S, are as
above-defined in the description. In general, the
oxadiazole compounds according to formula (I) of this
invention may be prepared from readily available
starting materials. If such starting materials are not



commercially available they may be prepared by
standard synthetic techniques. The following general
methods and procedures described hereinafter in the
examples may be employed to prepare compounds of
formula (I). Reaction conditions depicted in the
following schemes, such as temperatures, solvent, or
co-reagents, are given as examples only and are not
restrictive. Generally, compounds of formula (I'),
wherein R1, R2, Ra, Rb, W and Q are defined as above,
can be prepared by hydrolysis of the ester derivatives
of formula (I"), wherein R3 is as above defined and
more preferably R3 is a methyl or tertbutyl group,
using conditions well known to those skilled in the
art, such as a metal hydroxide, e.g. lithium
hydroxide, sodium hydroxide or potassium hydroxide, in
a suitable solvent such as THF, methanol, ethanol or
water or mixtures thereof, or using an acid, e.g. HCI
or TFA, in a suitable solvent such as dioxane,DCM, at
a temperature between about 200C to about 5O0C,
preferably at RT, for a few hours, e.g. one hour to 24
h (Scheme 1) . Scheme 1 The compounds of formula (I),
wherein R1, R2, Ra, Rb,W, Q, and S are defined as
above, can be obtained in a 2-step protocol as
outlined in Scheme 2. The first step consists in the
coupling of a carboxylic acid of formula (VII) with an
amidoxime of formula (Vl), wherein R1, R2, Ra, Rb,W,
Q, and S are defined as above. General protocols for
such coupling are given below in the examples, using
conditions and methods well known to those skilled in
the art to prepare an O-substituted amidoximes (V)
from a carboxylic acid (VII) and an aryl amidoxime
(Vl), with standard coupling agents, such as but not
limited to EDC, HATU, TBTU, in the presence or absence
of bases such as TEA, DIEA, NMM in a suitable solvent
such as DCM, ACN, THF or DMF, at a temperature rising
from about 2O0C to about 5O0C, preferably at RT, for a
few hours, e.g. one hour to 24 h. Alternatively, a
carboxylic acid derivative (e.g. acyl chloride Vila)
may be coupled with the amidoxime (Vl), using
conditions and methods well known to those skilled in
the art, in the presence of bases such as TEA, DIEA,
NMM in a suitable solvent such as DCM, THF or DMF, at
a temperature rising from about 20C to about 50 C,
preferably at RT, for a few hours, e.g. one hour to 24
h (Scheme 3). The second step consists of the
cyclization and dehydration of the O-substituted
amidoximes (V) to form oxadiazole (I). Conditions are
given below in the examples, using methods well known
to those skilled in the art to prepare oxadiazole,
such as thermolysis at temperature rising from RT to
about 150 C, typically 150C, using possibly a
microwave oven, for a time comprised between 15
minutes and 24 hours, preferably for 30 min, in a
suitable solvent or mixture of solvents such as ACN,
THF, Pyridine, DMF, in the presence or absence of a
base such as DIEA, TEA, or tetrabutyl ammonium
fluoride.Scheme 3 The method for preparing the
compounds of formula (I") selected below: methyl
2-fluoro-4-{5-[2'-(trifluoromethyl)biphenyl-4-yl]-1
,2,4-oxadiazol-3-yl}benzoate methyl
4-[5-(2'-chlorobiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-2-fluorobenzoate methyl
4-[5-(2',6'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-2-fluorobenzoate methyl
4-[5-(2,2'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-2-fluorobenzoate methyl
2-fluoro-4-[5-(2'-methylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-fluoro-4-[5-(2-methylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-fluoro-4-[5-(2'-methoxy-2-methylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-fluoro-4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4
-yl]-1 ,2,4-oxadiazol-3-yl}benzoate methyl
2-fluoro-4-{5-[3-methyl-4-(4-methyl-3-thienyl)phenyl]-
1,2,4-oxadiazol-3-yl}benzoate methyl
4-[5-(2,2'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-3-fluorobenzoate methyl
2-fluoro-4-[5-(2'-methyl-2-nitrobiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-fluoro-4-{5-[3-methoxy-4-(4-methyl-3-thienyl)phenyl]
-1 ,2,4-oxadiazol-3-yl}benzoate methyl
2-fluoro-4-[5-(2-methoxy-2'-methylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-fluoro-4-[5-(3-nitro-4-piperidin-1-ylphenyl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-fluoro-4-{5-[4-(2-methylpiperidin-1-yl)-3-nitropheny
l]-1 ,2,4-oxadiazol-3-yl}benzoate methyl
2-fluoro-4-[5-(3-methyl-4-piperidin-1 -ylphenyl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-fluoro-4-{5-[4-morpholin-4-yl-3-(trifluoromethyl)phe
nyl]-1,2,4-oxadiazol-3- yljbenzoate methyl
2-fluoro-4-[5-(3-methyl-4-morpholin-4-ylphenyl)-1
,2,4-oxadiazol-3-yl]benzoatemethyl
2-fluoro-4-{5-[4-(2-methylpiperidin-1-yl)-3-(trifluoro
methyl)phenyl]-1,2,4-oxadiazol-3- yl}benzoate methyl
4-[5-(2',4'-dimethoxy-2-methylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-2-fluorobenzoate methyl
2-fluoro-4-[5-(4-nitro-3-piperidin-1-ylphenyl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4
-yl]-1,2,4-oxadiazol-3-yl}benzoate methyl
2-fluoro-4-{5-[4-(4-methyl-3-thienyl)-3-(trifluorometh
yl)phenyl]-1,2,4-oxadiazol-3- yl}benzoate methyl
4-[5-(2',5'-dimethoxy-2-methylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-2-fluorobenzoate methyl
4-{5-[4-(3,5-dimethylisoxazol-4-yl)-3-methylphenyl]-1
,2,4-oxadiazol-3-yl}-2- fluorobenzoate methyl
3-fluoro-4-{5-[3-methyl-4-(4-methyl-3-thienyl)phenyl]-
1,2,4-oxadiazol-3-yl}benzoate methyl
3-fluoro-4-{5-[4-(2-methylpiperidin-1-yl)-3-(trifluoro
methyl)phenyl]-1,2,4-oxadiazol-3- yljbenzoate methyl
2-fluoro-4-{5-[4-(2-methoxypyridin-3-yl)-3-methylpheny
l]-1 ,2,4-oxadiazol-3- yljbenzoate methyl
4-{5-[3-cyano-4-(2-methylpiperidin-1 -yl)phenyl]-1
,2,4-oxadiazol-3-yl}-2-fluorobenzoate methyl
2-fluoro-4-(5-{4-(2-methylpiperidin-1
-yl)-3-[(methylsulfonyl)amino]phenyl}-1 ,2,4-
oxadiazol-3-yl)benzoate methyl
2-fluoro-4-[5-(2-methyl-1 ,1':2',1"-terphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-fluoro-4-[5-(2'-hydroxy-2-methylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-fluoro-5-{5-[4-(2-methylpiperidin-1-yl)-3-(trifluoro
methyl)phenyl]-1,2,4-oxadiazol-3- yljbenzoate methyl
4-[5-(5,6-dichloropyridin-3-yl)-1
,2,4-oxadiazol-3-yl]-2-fluorobenzoate Methyl
2-fluoro-4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-y
l]-1 ,2,4-oxadiazol-3- yljbenzoate methyl
4-[5-(2,2'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
5-[5-(2,2'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-2-hydroxybenzoate methyl
2-hydroxy-5-{5-[3-methyl-4-(4-methyl-3-thienyl)phenyl]
-1,2,4-oxadiazol-3-yl}benzoate methyl
4-[5-(2,2'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-3-methoxybenzoate methyl
4-[5-(2,2'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-2-methoxybenzoate tert-butyl
(2-fluoro-4-{5-[4-(2-methylpiperidin-1-yl)-3-(trifluor
omethyl)phenyl]-1 ,2,4-oxadiazol- 3-yl}phenoxy)acetate
tert-butyl
{4-[5-(2,2'-dimethylbiphenyl-4-yl)-1,2,4-oxadiazol-3-y
l]-2-fluorophenoxy}acetate tert-butyl
{4-[5-(5,6-dichloropyridin-3-yl)-1
,2,4-oxadiazol-3-yl]-2-fluorophenoxy}acetate methyl
N-{4-[5-(2,2'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-2-fluorobenzoyl}glycinate methyl
N-{4-[5-(2,2'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-2-fluorobenzoyl}-betaalaninate
tert-butyl N-{4-[5-(2,2'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]-2-fluorophenyl}glycinatetert-buty
l
N-methyl-N-[3-(5-{4-(2-methylpiperidin-1-yl)-3-[(methy
lsulfonyl)amino]phenyl}-1,2,4-
oxadiazol-3-yl)benzyl]glycinate methyl
2-fluoro-4-{5-[2-(hydroxymethyl)-2'-methylbiphenyl-4-y
l]-1,2,4-oxadiazol-3-yl}benzoate methyl
2-fluoro-4-[5-(2'-methyl-2-{[(methylsulfonyl)oxy]methy
l}biphenyl-4-yl)-1 ,2,4-oxadiazol- 3-yl]benzoate
methyl
4-{5-[2-(ethoxymethyl)-2'-methylbiphenyl-4-yl]-1
,2,4-oxadiazol-3-yl}-2-fluorobenzoate methyl
2-fluoro-4-(5-{4-isobutoxy-3-[(methylsulfonyl)amino]ph
enyl}-1,2,4-oxadiazol-3- yl)benzoate methyl
4-{5-[3-(acetylamino)-4-(2-methylpiperidin-1
-yl)phenyl]-1 ,2,4-oxadiazol-3-yl}-2- fluorobenzoate
methyl
2-fluoro-4-(5-{4-[isobutyl(propyl)amino]-3-[(methylsul
fonyl)amino]phenyl}-1 ,2,4- oxadiazol-3-yl)benzoate
methyl
4-{5-[3-[(ethylsulfonyl)amino]-4-(2-methylpiperidin-1-
yl)phenyl]-1 ,2,4-oxadiazol-3-yl}- 2-fluorobenzoate
methyl 2-chloro-4-[5-(2,2'-dimethylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-chloro-4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-y
l]-1 ,2,4-oxadiazol-3- yljbenzoate methyl
2-chloro-4-(5-{4-(2-methylpiperidin-1-yl)-3-[(methylsu
lfonyl)amino]phenyl}-1 ,2,4- oxadiazol-3-yl)benzoate
methyl 4-{5-[3-(propionylamino)-4-(2-methylpiperidin-1
-yl)phenyl]-1 ,2,4-oxadiazol-3-yl}-2- fluorobenzoate
methyl
2-fluoro-4-{5-[4-(2-methylpiperidin-1-yl)-3-nitropheny
l]-1 ,2,4-oxadiazol-3-yl}benzoate methyl
4-{5-[3-[(propylsulfonyl)amino]-4-(2-methylpiperidin-1
-yl)phenyl]-1 ,2,4-oxadiazol-3-yl}- 2-fluorobenzoate
methyl
2-fluoro-4-{5-[2'-methyl-2-(morpholin-4-ylmethyl)biphe
nyl-4-yl]-1 ,2,4-oxadiazol-3- yljbenzoate methyl
2-fluoro-4-{5-[2'-methoxy-2-(methoxymethyl)biphenyl-4-
yl]-1 ,2,4-oxadiazol-3- yljbenzoate methyl
2-fluoro-4-{5-[2'-fluoro-2-(methoxymethyl)biphenyl-4-y
l]-1,2,4-oxadiazol-3-yl}benzoate methyl
4-{5-[2',3'-dimethoxy-2-(methoxymethyl)biphenyl-4-yl]-
1 ,2,4-oxadiazol-3-yl}-2- fluorobenzoate methyl
2-fluoro-4-{5-[2'-methyl-2-(methylsulfonyl)biphenyl-4-
yl]-1 ,2,4-oxadiazol-3-yl}benzoate methyl
2-fluoro-4-{5-[5'-fluoro-2-(methoxymethyl)-2'-methylbi
phenyl-4-yl]-1,2,4-oxadiazol-3- yl}benzoate methyl
4-{5-[2,2'-bis(methoxymethyl)biphenyl-4-yl]-1
:2,4-oxadiazol-3-yl}-2-fluorobenzoate methyl
2-fluoro-4-{5-[2-(methoxymethyl)-2'-(trifluoromethyl)b
iphenyl-4-yl]-1,2,4-oxadiazol-3- yl}benzoatemethyl
2-fluoro-4-{5-[2'-(methoxymethyl)-2-methylbiphenyl-4-y
l]-1 ,2,4-oxadiazol-3- yl}benzoate methyl
2-chloro-4-(5-{2'-methyl-2-[(methylsulfonyl)methyl]bip
henyl-4-yl}-1 ,2,4-oxadiazol-3- yl)benzoate methyl
2-fluoro-4-{5-[5'-fluoro-2'-methoxy-2-(methoxymethyl)b
iphenyl-4-yl]-1 ,2,4-oxadiazol-3- yl}benzoate methyl
4-{5-[2'-ethoxy-2-(methoxymethyl)biphenyl-4-yl]-1
,2,4-oxadiazol-3-yl}-2- fluorobenzoate methyl
4-{5-[2',5'-difluoro-2-(methoxymethyl)biphenyl-4-yl]-1
,2,4-oxadiazol-3-yl}-2- 



fluorobenzoate methyl
3-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1
,2,4-oxadiazol-3-yl}benzoate methyl
2-fluoro-4-{5-[3-(methoxymethyl)-4-(4-methyl-3-thienyl
)phenyl]-1 ,2,4-oxadiazol-3- yljbenzoate methyl
2-fluoro-4-{5-[4'-fluoro-2-(methoxymethyl)-2'-methylbi
phenyl-4-yl]-1,2,4-oxadiazol-3- yljbenzoate methyl
2-fluoro-4-{5-[2-(methoxymethyl)-2',3'-dimethylbipheny
l-4-yl]-1,2,4-oxadiazol-3- yljbenzoate methyl
2,5-difluoro-4-{5-[2-(methoxymethyl)-2'-methylbiphenyl
-4-yl]-1 ,2,4-oxadiazol-3- yljbenzoate methyl
4-{5-[2'-chloro-2-(methoxymethyl)biphenyl-4-yl]-1 ,2
,4-oxadiazol-3-yl}-2 -fluorobenzoate methyl
2-fluoro-4-[5-(2-hydroxy-2'-methylbiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzoate methyl
2-chloro-5-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-y
l]-1 ,2,4-oxadiazol-3- yljbenzoate methyl
2-chloro-5-fluoro-4-{5-[2-(methoxymethyl)-2'-methylbip
henyl-4-yl]-1,2,4-oxadiazol-3- yljbenzoate methyl
2-fluoro-5-methoxy-4-{5-[2-(methoxymethyl)-2'-methylbi
phenyl-4-yl]-1 ,2,4-oxadiazol- 3-yl}benzoate methyl
2-chloro-5-methoxy-4-{5-[2-(methoxymethyl)-2'-methylbi
phenyl-4-yl]-1 ,2,4-oxadiazol- 3-yl}benzoate
tert-butyl N- - -^-Cmethoxymethyl^'-methylbiphenyl^-y
- i ^^-oxadiazol-S-ylJbenzyO-Nmethylglycinate
tert-butyl N- -^'-ethyl^-CmethoxymethyObiphenyl^-y - i
^^-oxadiazol-S-ylJbenzyO-Nmethylglycinate tert-butyl
N-(2-fluoro-5-{5-[2-(methoxymethyl)-2'-methylbiphenyl-
4-yl]-1 ,2,4-oxadiazol-3- yl}benzyl)-N-methylglycinate
tert-butyl N- d- -^'-ethyl^-CmethoxymethyObiphenyl^-y
- i ^^-oxadiazol-S-yl}^-
fluorobenzyl)-N-methylglycinatetert-butyl
N-(3-{5-[4-isopropoxy-3-(methoxymethyl)phenyl]-1,2,4-o
xadiazol-3-yl}benzyl)-Nmethylglycinate tert-butyl
N-(2-fluoro-5-{5-[2-(methoxymethyl)-2'-methylbiphenyl-
4-yl]-1 ,2,4-oxadiazol-3-
yl}benzyl)-N-methyl-beta-alaninate tert-butyl
N-(2-fluoro-5-{5-[3-(methoxymethyl)-4-(2-methylpiperid
in-1-yl)phenyl]-1 ,2,4-
oxadiazol-3-yl}benzyl)-N-methylglycinate tert-butyl
N-(2-fluoro-5-{5-[2-(methoxymethyl)-2'-methylbiphenyl-
4-yl]-1 ,2,4-oxadiazol-3-
yl}benzyl)-N-methyl-beta-alaninate tert-butyl
N-(5-{5-[2'-ethyl-2-(methoxymethyl)biphenyl-4-yl]-1
,2,4-oxadiazol-3-y^2-
fluorobenzyl)-N-methyl-beta-alaninate tert-butyl
N-(2-fluoro-5-{5-[4-isopropoxy-3-(methoxymethyl)phenyl
]-1,2,4-oxadiazol-3-
yl}benzyl)-N-methyl-beta-alaninate tert-butyl
N-(2-fluoro-5-{5-[4-isopropoxy-3-(methoxymethyl)phenyl
]-1,2,4-oxadiazol-3- yl}benzyl)-N-methylglycinate
tert-butyl
[(3-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1
,2,4-oxadiazol-3- yl}benzyl)oxy]acetate tert-butyl
[2-(3-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1
,2,4-oxadiazol-3- yl}phenyl)ethoxy]acetate ethyl
4-(4-{5-[2'-ethyl-2-(methoxymethyl)biphenyl-4-yl]-1
,2,4-oxadiazol-3-yl}-2- fluorophenoxy)butanoate ethyl
4-(3-{5-[3-(methoxymethyl)-4-(2-methylpiperidin-1
-yl)phenyl]-1 ,2,4-oxadiazol-3- yl}phenoxy)butanoate
tert-butyl
(2-fluoro-4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-
yl]-1 ,2,4-oxadiazol-3- yl}phenoxy)acetate ethyl
4-(2-fluoro-4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-
4-yl]-1 ,2,4-oxadiazol-3- yl}phenoxy)butanoate
tert-butyl
(2-fluoro-4-{5-[3-(methoxymethyl)-4-(2-methylpiperidin
-1-yl)phenyl]-1 ,2,4-oxadiazol- 3-yl}phenoxy)acetate
is more particularly described in the examples.
Compounds of formula (VII), wherein Ra, Rb and W are
defined as above, are either commercially available or
may be prepared by standard synthetic techniques, as
hereinafter described in the examples, for example by
metal catalyzed coupling reaction or aromatic
nucleophilic substitution on the corresponding
halogenated benzoic acid or alkyl benzoate.
Alternatively, compounds of formula (VII), wherein Ra,
Rb and W are defined as above, may be obtained by
metal catalyzed cross-coupling reaction followed by
hydrolysis of the resulting ester (Xl), as shown in
Scheme 4 below. More particularly, they may be
obtained by Suzuki- Miyura coupling reaction between
an alkyl benzoate (VIII), where Rc may preferably be
Br, Ior a sulfonate ester such as triflate, and a
boronic acid (Xa) or ester (Xb), using well known
Suzuki-Miyura reaction conditions such as shown in
Scheme 4 (Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95,
2457; Takahiro I. and Toshiaki M., Tetrahedron Lett.
2005, 46, 3573- 3577). In a typical procedure, alkyl
benzoate (VIII) and boronic acid (Xa) or ester (Xb)
are heated at various temperature by traditional
thermic methods or using microwave technology in the
presence of a base such as but not limited to a
carbonate salt, e.g. K2CO3, Na2CO3, Cs2CO3, and a
catalytic amount of palladium catalyst such as
Pd(PPh3)4, PdCI2(PPh3)2, Pd(OAc)2, with the possible
addition of phosphine ligands such as PPh3, S-Phos,
X-Phos in an appropriate solvent or mixture of
solvents such as THF, Toluene, Dioxane, MeOH, ACN,
DMF, water. All the different combinations described
above may be used. Alternatively, alkyl benzoate (IX)
wherein Rc is as above defined and boronic acid (Xc)
or ester (Xd) may be coupled under the same palladium
catalyzed procedure as described above. The resulting
ester (Xl) can then be hydrolyzed using conditions
well known to those skilled in the art, such as but
not limited to the use of a metal hydroxide, e.g.
lithium hydroxide, sodium hydroxide or potassium
hydroxide, in a suitable solvent such as THF,
methanol, ethanol or water or mixtures thereof, at a
temperature rising from about 20 C to about 60 C,
preferably at RT, for a few hours, e.g. one hour to 24
h. Scheme 4 An alternative route for the preparation
of compounds of formula (VII), wherein Ra, Rb and W
are defined as above, maybe via Suzuki-Miyura coupling
reaction between an alkyl benzoate boronic acid or
ester derivative of formula (XII) or (XIII), where Rd
is a boronic acid or tetramethyl-dioxaborolane, with
an optionally substituted aryl, respectively (Xe) and
(Xf),where Rc is preferably Br, I or a sulfonate ester
such as triflate, using well known Suzuki- Miyura
reaction conditions such as shown in Scheme 5 below
and described above. The resulting ester can be
hydrolyzed into compounds of formula (VII) under
conditions described above and in the examples below.
Scheme 5 An alternative route for the preparation of
compounds of formula (VII), wherein Ra, Rb and W are
defined as above, may be the addition of an amino
derivative RaH of formula (Xg) to an alkyl benzoate of
formula (Villa) or a benzoic acid of formula (VIIIb),
as outlined in Scheme 6 , in the optional presence of
a suitable base, such as TEA, DIEA, NMM in a solvent
such as THF or DMF, at a temperature rising from about
2O0C to about 1000C, preferably at RT, for a few
hours, e.g. one hour to 24 h. An amino derivative RaH
of formula (Xg) can be also used neat, as solvent.
Alternatively, compounds of formula (VII) may be
obtained by addition of an amino derivative RbH of
formula (Xh) to an alkyl benzoate (IXa) or a benzoic
acid (IXb), as outlined in Scheme 6, under reaction
conditions described above and in the examples below.
In the cases where ester of formula (Xl) is first
obtained, it can be hydrolyzed into compounds of
formula (VII) under conditions described above and in
the examples below. Alternatively, an amino derivative
of formula (Xg) and (Xh) can be added respectively to
benzonitrile (XIVa) and (XIVb) under similar
conditions as the one described above and in the
examples below. The resulting benzonitrile of formula
(XIV) can be hydrolyzed into the corresponding ester
(Xl), using conditions well known to those skilled in
the art, such as but not limited to the use of an
acid, e.g. HCI, in a suitable solvent such as THF,
methanol or water or mixtures thereof, at a
temperature rising from about 20 C to about 100C,
preferably at 78C, for 12h to 48h.Compounds of formula
(Villa) and (IXa), wherein Ra, Rb and W are defined as
above, are either commercially available or may be
prepared by standard synthetic techniques, as
hereinafter described in the examples. Typically, they
may be prepared by esterification of the corresponding
benzoic acid, (VIIIb) and (IXb) respectively, such as
but not limited to the formation of the corresponding
acid chloride with oxalyl chloride, followed by the
addition of the suitable alcohol, such as MeOH for
methyl carboxylate, at temperatures ranging from about
O C to about 50 C, preferably at RT for a few hours,
e.g. one hour to 24 hours. Alternatively, compounds of
formula (VII), wherein Ra, Rb and W are defined as
above, may be obtained by metal catalyzed
cross-coupling reaction followed by hydrolysis of the
resulting ester of formula (Xl), as shown in Scheme 7
below. More particularly, they may be obtained by
Buchwald-Hartwig cross-coupling reaction between an
alkyl benzoate of formula (VIII) or (IX), where Rc may
preferably be Br, I or a sulfonate ester such as
triflate, and an amino derivative, respectively (Xg)
or (Xh), using well known Buchwald-Hartwig reaction
conditions such as shown in Scheme 7 below (Muci, A.
R.; Buchwald, S. L. Top. Curr.Chem. 2002, 219, 131-209
; Jiang, L. ; Buchwald, S. L. Metal-Catalyzed
Cross-Coupling Reactions (2nd Edition) 2004, 2,
699-760). In a typical procedure, alkyl benzoate of
formula (VIII) and (IX), and respectively amino
derivatives (Xg) and (Xh) are heated at various
temperature by traditional thermic methods or using
microwave technology in presence of a base such as but
notlimited to a carbonate salt, e.g. K2CO3, Na2CO3,
Cs2CO3, and a catalytic amount of palladium catalyst
such as Pd(PPh3)4, PdCI2(PPh3)2, Pd(OAc)2, with the
possible addition of phosphine ligands such as BINAP,
X-phos, in an appropriate solvent or mixture of
solvents such as THF, Toluene, Dioxane, MeOH, ACN,
DMF, water. All the different combinations described
above may be used. The resulting ester of formula (Xl)
can be then hydrolyzed using conditions well known to
those skilled in the art, such as but not limited to
the use of a metal hydroxide, e.g. lithium hydroxide,
sodium hydroxide or potassium hydroxide, in a suitable
solvent such as THF, methanol, ethanol or water or
mixtures thereof, at a temperature rising from about
20 C to about 60 C, preferably at RT, for a few hours,
e.g. one hour to 24 h . Scheme 7 Pd(OAc) 2, BINAP,
Alternatively, compounds of formula (VII) wherein W is
as defined above and wherein Ra or Rb is OA can be
prepared by adding alkyl bromide (Xi) or (Xj) to the
corresponding intermediates of formula (VIIIp) or
(IXc) respectively, in the presence of a base, e.g
K2CO3 in 



DMF at about 900C. Such transformation can also be
performed on compounds of formula (I), wherein Ra or
Rb is OH, as it is described hereinafter in the
examples. Scheme 8 The method for preparing the
compounds of formula (VII) selected
below:2,2'-dimethyl-1 ,1'-biphenyl-4-carboxylic acid
2'-methoxy-2-methylbiphenyl-4-carboxylic acid
2-methyl-2'-(trifluoromethyl)biphenyl-4-carboxylic
acid 3-methyl-4-(4-methyl-3-thienyl)benzoic acid
2'-methyl-2-nitro-1 ,1 '-biphenyl-4-carboxylic acid
3-methoxy-4-(4-methyl-3-thienyl)benzoic acid
2-methoxy-2'-methylbiphenyl-4-carboxylic acid
3-nitro-4-piperidin-1 -ylbenzoic acid
4-(2-methylpiperidin-1 -yl)-3-nitrobenzoic acid
3-methyl-4-piperidin-1 -ylbenzoic acid
4-morpholin-4-yl-3-(trifluoromethyl) benzoic acid
3-methyl-4-morpholin-4-ylbenzoic acid
4-(2-methylpiperidin-1-yl)-3-(trifluoromethyl) benzoic
acid 4-(2,6-dimethylphenyl)benzoic acid
2',4'-dimethoxy-2-methyl biphenyl-4-carboxylic acid
4-nitro-3-piperidin-1 -ylbenzoic acid
2'-methyl-2-(trifluoromethyl) biphenyl-4-carboxylic
acid 4-(4-methyl-3-thienyl)-3-(trifluoromethyl)benzoic
acid 2',5'-dimethoxy-2-methyl biphenyl-4-carboxylic
acid 4-(3,5-dimethylisoxazol-4-yl)-3-methylbenzoic
acid 4-(2-methoxypyridin-3-yl)-3-methylbenzoic acid
3-cyano-4-(2-methylpiperidin-1 -yl)benzoic acid
4-(2-methylpiperidin-1-yl)-3-[(methylsulfonyl)amino]be
nzoic acid 2-methyl-1 ,1':2',1"-terphenyl-4-carboxylic
acid 2'-hydroxy-2-methylbiphenyl-4-carboxylic acid
2-(methoxymethyl)-2'-methyl biphenyl-4-carboxylic acid
6-[2-(methoxymethyl)pyrrolidin-1
-yl]-5-methylnicotinic acid
2-(hydroxymethyl)-2'-methylbiphenyl-4-carboxylic acid
4-isobutoxy-3-[(methylsulfonyl)amino]benzoic acid
3-(acetylamino)-4-(2-methylpiperidin-1-yl)benzoic acid
4-[isobutyl(propyl)amino]-3-[(methylsulfonyl)amino]-be
nzoic acid 4-(dimethylamino)-3-nitrobenzoic acid
2'-ethyl-2-(methoxymethyl)-1 ,1
'-biphenyl-4-carboxylic acid
4-bromo-3-(methoxymethyl)benzoic acid
2'-methyl-2-(methylsulfonyl)biphenyl-4-carboxylic acid
2'-(methoxymethyl)-2-methyl biphenyl-4-carboxylic acid
2'-methyl-2-[(methylsulfonyl)methyl]biphenyl-4-carboxy
lic acid 2-(3-methoxyprop-1 -yn-1
-yl)-2'-methylbiphenyl-4-carboxylic
acid2-(ethoxymethyl)-2'-methylbiphenyW-carboxylic acid
2-hydroxy-2'-methyl-1 ,1'-biphenyl-4-carboxylic acid
2-(3-methoxypropyl)-2'-methylbiphenyl-4-carboxylic
acid 4-isopropoxy-3-(methoxy methyl) benzoic acid
3-(methoxymethyl)-4-(2-methylpiperidin-1-yl)benzoic
acid is more particularly described in the examples.
Compounds of formula (VIII) are either commercially
available or may be prepared by standard synthetic
techniques, as hereinafter described in the examples.
Typically, when Rb is (CH2)OH, (CH2)OA, (CH2)N(R3) or
(CH2)SO2Me, Rc is F, Cl, Br, I or a sulfonate ester
such as triflate and R3 is as defined above, compounds
of formula (VIII), respectively (VIIIf), (VIIIg),
(VIIIh) and (VIIIj), may be prepared by bromination of
the corresponding toluyl derivative (VIIIc) followed
by an SN2 reaction on the benzyl bromine derivative
(VIIId) with a suitable group, such as but not
exclusively, an acetate salt, e.g. NaOAc in HOAc, an
alcoholate salt, e.g. NaOA in the corresponding
alcohol, THF or DMF, an alcohol, e.g. HOA, that can be
used as solvent, an amine, e.g. HN(R3)2 or a thiolate
salt, e.g. NaSA, in a suitable solvent, such as but
not exclusively THF, MeCN, DMF, at a temperature
ranging from RT to 130 C, with the possible use of the
microwave (see Scheme 9). Hydrolysis of the acetate
group on compounds of formula (VIIIe), using
conditions well known to those skilled in the art,
such as but not limited to sodium hydroxide in EtOH at
about 60 C, afforded compounds of formula (VIIIf).
Sulfide oxidation of compounds of formula (Villi),
using conditions well known to those skilled in the
art, such as but not limited to mCPBA, afforded
compounds of formula (VIIIj). Compounds of formula
(VIIIf), when Rb is (CH2)OH, can be further
transformed into the corresponding alkyl sulfonate
(VIIIk) that can be used as starting material for SN2
reactions similarly to (VIIIb), as it illustrated on
Scheme 9. Such diversification can also be performed
at a later stage, on compounds of formula (I) wherein
Rb is (CH2)OH, as described hereinafter in the
examples.Scheme 9 Alternatively, compounds of formula
(VIIIf) can be prepared by double bromination of
(VIIIc), followed by hydrolysis of (VIIIm), as it is
described in Scheme 10. The reduction of the resulting
benzaldehyde derivative of formula (VIIIn), with a
suitable reducing agent, such as but not limited to
NaBH4, yields the benzylic alcohol of (VIIIf),
compound (VIIIo). Transformation of compounds of
formula (VIIIn) into compounds of formula (XIa) by
metal catalyzed cross coupling reaction or SNAr
reaction can be performed first. Then the reduction
gives the corresponding alcohol of formula (XIa), as
outlined in Scheme 10. Scheme 10When Rb is
(CH2X1NR3SO2A or (CH2)nNR3COA, wherein n=0 and Ra, R3
and W are defined as above, compounds of formula (XIe)
or (XIf) respectively can be synthesized from
compounds of formula (XIc), as it is outlined in
Scheme 11. After reduction of nitro group, the
resulting aniline (XId) can be transformed into a
sulphonamide (XIe) with ASO2CI addition or into an
amide (XIf) with ACOCI addition, in the presence of a
base, such as but not limited to TEA, DIEA, NMM,
pyridine, in a solvent or a mixture of solvents such
as DCM, DMF, Pyridine. Such diversification can also
be performed on a later stage, on compounds of formula
(I) where Rb is NH2, as it is described hereinafter in
the examples. Scheme 1 1 Compounds of formula (VIIb),
where Rb is (CH2)3OA, can be synthesized from compound
(VIIIp) via the sequential Sonogashira and
Suzuki-Miyura cross-coupling reactions, as it is
outlined in Scheme 12. The resulting compounds of
formula (Vila) can be then reduced by standard
techniques well known to those skilled in the art,
such as but not limited to Pd/C in H2 atmosphere,
affording compounds of formula (VIIb). Scheme 12
Alternatively, compounds of formula (VII), wherein Ra,
Rb and W are defined as above, may be prepared from
compounds of formula (XV) in a two steps process, as
outlined in Scheme 13. The first step is an
halogen-metal exchange with, typically but not
exclusively, an alkyl lithium salt, such as nBuLi or
fBuLi. The second step is the addition of C02, at gas
or solid state, as electrophile.Scheme 13 Compounds of
formula (Vl), wherein, R1, R2, Q and S are defined as
above, can be prepared according to Scheme 14 by
addition of hydroxylamine to the corresponding
substituted benzonitrile of formula (XVI) in a solvent
or a mixture of solvents, such as EtOH, water, at a
temperature ranging from about 200C to about 500C,
preferably at RT, for a few hours, e.g. one hour to 24
h. Scheme 14 The method for preparing the compounds of
formula (Vl) selected below: Methyl
4-[amino(hydroxyimino)methyl]-2-fluorobenzoate Methyl
4-[amino(hydroxyimino)methyl]-3-fluorobenzoate Methyl
4-[amino(hydroxyimino)methyl]-2-chlorobenzoate Methyl
2-fluoro-5-[(hydroxyamino)(imino)methyl] benzoate
Methyl
2-hydroxy-5-[(hydroxyamino)(imino)rnethyl]benzoate
Methyl
4-[(hydroxyamino)(imino)methyl]-3-methoxybenzoate
Methyl
4-[(hydroxyamino)(imino)methyl]-2-methoxybenzoate
Tert-butyl {4-[amino(hydroxy
imino)methyl]-2-fluorophenoxy}acetate Tert-butyl
N-{4-[amino(hydroxyimino)methyl]-2-fluorophenyl}glycin
ate Tert-butyl
[{3-[amino(hydroxyimino)methyl]benzyl}(methyl)amino]ac
etateMethyl
4-[amino(hydroxyimino)methyl]-2,5-difluorobenzoate
Methyl 3-[amino(hydroxyimino)methyl]-4-methoxybenzoate
Methyl 5-[amino(hydroxyl
imino)methyl]-2-chlorobenzoate Methyl
2-chloro-5-fluoro-4-[(hydroxylamino)(imino)methyl]benz
oate Methyl
4-[amino(hydroxyimino)methyl]-2-fluoro-5-methoxybenzoa
te Methyl 4-[amino(hydroxyl
imino)methyl]-2-chloro-5-methoxybenzoate Tert-butyl
N-{5-[amino(hydroxyimino)methyl]-2-fluorobenzyl}-N-met
hylglycinate
{Tert-Butoxycarbonyl-[3-(N-hydroxycarbamimidoyl)-benzy
l]-amino}-acetic acid tertbutyl ester Tert-butyl
3-[{3-[amino(hydroxyimino)methyl]benzyl}(methyl)amino]
propanoate Tert-butyl
N-{5-[amino(hydroxyimino)methyl]-2-fluorobenzyl}-N-met
hyl-betaalaninate
N'-hydroxy-3-(methylsulfonyl)benzenecarboximidamide
tert-butyl
(2-{3-[amino(hydroxyimino)methyl]phenyl}ethoxy)acetate
Ethyl 4-{4-[amino
(hydroxyimino)methyl]-2-fluorophenoxy}butanoate Ethyl
4-{3-[amino(hydroxy imino)methyl]phenoxy}butanoate
3-(1
,3-dioxolan-2-yl)-N'-hydroxybenzenecarboximidamide
(Tert-butyl
{3-[(Z)-amino(hydroxyimino)methyl]benzyl}(2-hydroxyeth
yl)carbamate (Tert-butyl
{3-[(Z)-amino(hydroxyimino)methyl]benzyl}(2-methoxyeth
yl)carbamate 4-[Amino(hydroxyimino)methyl]benzamide
N'-hydroxy-3-(hydroxymethyl)benzenecarboximidamide
N'-hydroxy-3-(2-hydroxyethyl)benzenecarboximidamide
N'-hydroxy-4-(hydroxymethyl)benzenecarboximidamide
N'-hydroxy-3-[(2-methoxyethoxy)methyl]benzenecarboximi
damide
N'-hydroxy-3-[(2-hydroxyethoxy)methyl]benzenecarboximi
damide
N-Hydroxy-3-{[(2-methoxy-ethyl)-methyl-amino]-methyl}-
benzamidine 



N-Hydroxy-3-{[(2-methoxy-ethyl)-methyl-amino]-methyl}-
benzamidine is more particularly described in the
examples. Scheme 15Compounds of formula (XVI), wherein
R1, R2, Q and S are defined as above, are either
commercially available or may be prepared by standard
synthetic techniques well known to those skilled in
the art. Typically, when S is COOR3 as defined above,
compounds of formula (XVIa) may be prepared by
coupling the corresponding carboxylic acid of formula
(XVII) to an alcohol, using conditions such as but not
limited to the formation of the corresponding acid
chloride of compounds of formula (XVII) with oxalyl
chloride, followed by the addition of the suitable
alcohol, such as MeOH at temperatures ranging from
about O C to about 50 C, preferably at RT for few
hours, e.g. one hour to 24 hours, as it is outlined on
Schemel 5. It may be also prepared with standard
coupling agents, such as but not limited to EDC, HATU,
TBTU, in the presence or absence of bases such as TEA,
DIEA, NMM in the suitable alcohol, such as MeOH, at a
temperature between about 20 C to about 50 C,
preferably at RT, for a few hours, e.g. one hour to 24
h . Alternatively compounds of formula (XVIb) wherein
Q = (CH2)mX(CH2)m, X = -O-, and R1, R2, m and S are
defined as above, may be prepared from alcohol
(XVIII), by addition of an electrophile, LG-(CH2)mS,
where LG- is a leaving group, such as but not
exclusively Br, I, OMs, in the presence of a base such
as LiHMDS, NaH, NaOH, in a solvent or a mixture of
solvent such as THF or Toluene-water in the presence
of a phase transfer agent, such as but not limited to
(Bu4N)HSO4 at temperatures ranging from RT to about
100C, as it is outlined in Scheme 16. Alternatively,
alcohol (XVIII) can be transformed into the
corresponding mesyl or tosyl groups, which can then
react with an alcohol (for X = -O-) or an amine (for X
= -NR3- ) , affording compounds of formula (XVIb) and
(XVIc) respectively, wherein Q = (CH2)mX(CH2)m and R1,
R2, m and S are defined as above (Scheme 16). Alcohol
(XVIII) can be oxidized into the corresponding
aldehyde (XVIIIb), according to Scheme 16. Then a
reductive amination of the compounds of formula
(XVIIIb) with a suitable amine, affords compounds of
formula (XVIc), wherein Q = (CH2)mX(CH2)m with X = -NR
3- , and R1, R2, m and S are defined as above,
according to Scheme 16. The different transformations
described in Scheme 16 may be performed on compounds
of formula (I) with the suitable substitution pattern,
as it is described in the examples.Alternatively,
addition of an alcohol or an amine to benzyl bromide
of formula (XVIIIc), as outlined in Scheme 17, in the
presence of a base, such as but not limited to DIEA,
TEA, K2CO3, Cs2CO3, in a suitable solvent such as
MeCN, THF, DMF, yields compounds of formula (XVIb) and
(XVIc), wherein Q = (CH2)X(CH2)m, X = -O- or -NR 3-
respectively, and R1, R2, m and S are defined as
above. Scheme 17 Phenol derivative of formula (XIX)
may be transformed into compounds of formula (XVId) by
Mitsunobu or alkylation reaction, using conditions
known to the person skilled in the art and as
described below in the examples. Typically, phenol
alkylation with LG-(CH2)mS, where LGis a leaving
group, such as but not limited to Br, I, OMs, is
performed in a solvent such as THF or DMF, in the
presence of a base such as DIEA, TEA, K2CO3 or Cs2CO3,
at temperature ranging from RT to about 10O C.Scheme
18 Alternatively, aniline derivative of formula (XX)
may be transformed into compounds of formula (XVIe) by
alkylation reaction, using conditions known to the
person skilled in the art and as described below in
Scheme 19 and in the examples. Typically, aniline
alkylation with LG-(CH2)mS, where LG- is a leaving
group, such as but not exclusively Br, I, OMs, is
performed in a solvent such as THF or DMF, in the
presence of a base such as DIEA, TEA, K2CO3 or Cs2CO3,
at temperature ranging from RT to about 1000C. Scheme
19 Alternatively, compounds of formula (XVI), wherein
Q, S, R1, and R2 are defined as above, may be obtained
from the corresponding aryl fluoride (XIII) by
aromatic nucleophilic substitution with a cyanide
salt, typically but not exclusively sodium cyanide in
the presence of tetrabutylammonium bromide, in a
solvent such as DMF and at a temperature ranging from
about 20 C to about 100 C, preferably at about 60C,
for few hours, e.g. 12 h, as it is described in Scheme
20, according to Jenkins, T. J. et al. J. Med. Chem.
2007, 50, 566. Metal catalyzed cyanation of aryl
bromide of formula (XIV) can be used as alternative
strategy, as shown on Scheme 20. Addition of Zn(CN) 2
in the presence of a palladium catalyst, such as but
not limited to Pd2(dba)3 or Pd(PPh3)4, with the
optional addition of a ligand such as dppf (according
to Maligres, P. E. et al Tetrahedron Lett. 1999, 40,
8193- 8195), and zinc derivatives such as but not
limited to Zn dust and Zn(OAc) 2 (according to
Chidambaram, R. et al Tetrahedron Lett 2004, 45,
1441-1444) in a solvent such as DMF and at temperature
raising from RT to 150 C, typically 100 C, yields the
formation of compounds of formula (Xl). The cyanation
of aryl bromide of formula (XIV) can be also performed
in the absence of palladium, with the use of CuCN in
DMF (according to Couture. C ; Paine, A.J. Can. J.
Chem. 1985, 63, 111-120). Cyanide group may be
introduced by Sandmeyer reaction, starting from an
aniline of formula (XXI), as outlined in Scheme 20.
Its transformation into the corresponding diazonium
salt can be achieved with sodium nitrite in the
presence of a mineral acid, such as HCI in water. It
canthen further react with copper cyanide, prepared
from a mixture of CuCN and KCN, in water at a
temperature ranging from about 2O0C to about 1000C,
affording compounds of formula (Xl) (according to
Barraclough, P. et al. Arch. Pharm. 1990, 323,
507-512). The starting anline derivatives of formula
(XXI) are either commercially available or can be
obtained by reduction of the corresponding nitro group
by Pd/C catalyzed hydrogenation, as described
hereafter in the examples. Scheme 20 If the above set
out general synthetic methods are not applicable to
obtain the compounds of formula (I), suitable methods
of preparation known by a person skilled in the art
should be used. The pharmaceutically acceptable
cationic salts of compounds of the present invention
are readily prepared by reacting the acid forms with
an appropriate base, usually one equivalent, in a
co-solvent. Typical bases are sodium hydroxide, sodium
methoxide, sodium ethoxide, sodium hydride, potassium
hydroxide, potassium methoxide, magnesium hydroxide,
calcium hydroxide, benzathine, choline,
diethanolamine, ethylenediamine, meglumine,
benethamine, diethylamine, piperazine and
tromethamine. The salt is isolated by concentration to
dryness or by addition of a non-solvent. In some
cases, salts can be prepared by mixing a solution of
the acid with a solution of the cation (sodium
ethylhexanoate, magnesium oleate), employing a solvent
in which the desired cationic salt precipitates, or
can be otherwise isolated by concentration and
addition of a non-solvent. According to a further
general process, compounds of formula (I), and any
subformulae can be converted to alternative compounds
of formula (I) and any subformulae, employing suitable
inter-conversion techniques well known by a person
skilled in the art.In general, the synthesis pathways
for any individual compounds of formula (I) will
depend on the specific substitutents of each molecule
and upon the ready availability of Intermediates
necessary; again such factors being appreciated by
those of ordinary skill in the art. For all the
protection and de-protection methods, see Philip J.
Kocienski, in "Protecting Groups", Georg Thieme Verlag
Stuttgart, New York, 1994 and, Theodora W. Greene and
Peter G. M. Wuts in "Protective Groups in Organic
Synthesis", Wiley Interscience, 3rd Edition 1999.
Compounds of this invention can be isolated in
association with solvent molecules by crystallization
from evaporation of an appropriate solvent. The
pharmaceutically acceptable acid addition salts of the
compounds of formula (I), which contain a basic
center, may be prepared in a conventional manner. For
example, a solution of the free base may be treated
with a suitable acid, either neat or in a suitable
solution, and the resulting salt isolated either by
filtration or by evaporation under vacuum of the
reaction solvent. Pharmaceutically acceptable base
addition salts may be obtained in an analogous manner
by treating a solution of compounds of formula (I),
which contain an acid center, with a suitable base.
Both types of salts may be formed or interconverted
using ion-exchange resin techniques. Depending on the
conditions used, the reaction times are generally
between a few minutes and 14 days, and the reaction
temperature is between about -30 C and 140 C, normally
between -10 C and 90C, in particular between about 0C
and about 70C. Compounds of the formula (I) can
furthermore be obtained by liberating compounds of the
formula (I) from one of their functional derivatives
by treatment with a solvolysing or hydrogenolysing
agent. Preferred starting materials for the solvolysis
or hydrogenolysis are those which conform to the
formula (I), but contain corresponding protected amino
and/or hydroxyl groups instead of one or more free
amino and/or hydroxyl groups, preferably those which
carry an aminoprotecting group instead of an H atom
bound to an N atom, in particular those which carry an
R'-N group, in which R' denotes an amino-protecting
group, instead of an HN group, and/or those which
carry a hydroxyl-protecting group instead of the H
atom of a hydroxyl group, for example those which
conform to the formula (I), but carry a -COOR" group,
in which R" denotes a hydroxylprotecting group,
instead of a -COOH group. It is also possible for a
plurality of- identical or different - protected amino
and/or hydroxyl groups to be present in the molecule
of the starting material. If the protecting groups
present are different from one another, they can in
many cases be cleaved off selectively.The term
"amino-protecting group" is known in general terms and
relates to groups which are suitable for protecting
(blocking) an amino group against chemical reactions,
but which are easy to remove after the desired
chemical reaction has been carried out elsewhere in
the molecule. Typical of such groups are, in
particular, unsubstituted or substituted acyl, aryl,
aralkoxymethyl or aralkyl groups. Since the
amino-protecting groups are removed after the desired
reaction (or reaction sequence), their type and size
are furthermore not crucial; however, preference is
given to those having 1-20, in particular 1-8, carbon
atoms. The term "acyl group" is to be understood in
the broadest sense in connection with the present
process. It includes acyl groups derived from
aliphatic, araliphatic, aromatic or heterocyclic
carboxylic acids or sulfonic acids, and, in
particular, alkoxy-carbonyl, aryloxycarbonyl and
especially aralkoxycarbonyl groups. Examples of such
acyl groups are alkanoyl, such as acetyl, propionyl
and butyryl; aralkanoyl, such as phenylacetyl; aroyl,
such as benzoyl and tolyl; aryloxyalkanoyl, such as
POA; alkoxycarbonyl, such as methoxy-carbonyl,
ethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl, BOC
(tert-butoxy-carbonyl) and 2- iodoethoxycarbonyl;
aralkoxycarbonyl, such as CBZ ("carbo-benz-oxy"),
Amethoxybenzyloxycarbonyl 



and FMOC; and aryl-sulfonyl, such as Mtr. Preferred
aminoprotecting groups are BOC and Mtr, furthermore
CBZ, Fmoc, benzyl and acetyl. The term "hydroxy
l-protecting group" is likewise known in general terms
and relates to groups which are suitable for
protecting a hydroxyl group against chemical
reactions, but are easy to remove after the desired
chemical reaction has been carried out elsewhere in
the molecule. Typical of such groups are the
above-mentioned unsubstituted or substituted aryl,
aralkyl or acyl groups, furthermore also alkyl groups.
The nature and size of the hydroxylprotecting groups
are not crucial since they are removed again after the
desired chemical reaction or reaction sequence;
preference is given to groups having 1-20, in
particular 1-10, carbon atoms. Examples of
hydroxyl-protecting groups are, inter alia, benzyl,
Amethoxybenzyl, p-nitro-benzoyl, p-toluenesulfonyl,
tert-butyl and acetyl, where benzyl and tert-butyl are
particu-larly preferred. The compounds of the formula
(I) are liberated from their functional derivatives -
depending on the protecting group used -for example
using strong acids, advantageously using TFA or
perchloric acid, but also using other strong inorganic
acids, such as hydrochloric acid or sulfuric acid,
strong organic carboxylic acids, such as
trichloroacetic acid, or sulfonic acids, such as
benzene- or p-toluenesulfonic acid. The presence of an
additional inert solvent is possible, but is not
always necessary. Suitable inert solvents are
preferably organic, for example carboxylic acids, such
as acetic acid, ethers, such as THF or dioxane,
amides, such as DMF, halogenated hydrocarbons, such as
DCM, furthermore also alcohols, such asmethanol,
ethanol or isopropanol, and water. Mixtures of the
above-mentioned solvents are furthermore suitable. TFA
is preferably used in excess without addition of a
further solvent, and perchloric acid is preferably
used in the form of a mixture of acetic acid and 70%
perchloric acid in the ratio 9:1 . The reaction
temperatures for the cleavage are advantageously
between about 0 and about 5O0C, preferably between 15
and 3O0C (RT). The BOC, OBut and Mtr groups can, for
example, preferably be cleaved off using TFA in DCM or
using approximately 3 to 5N HCI in dioxane at 15-30C,
and the FMOC group can be cleaved off using an
approximately 5 to 50% solution of dimethylamine,
diethylamine or piperidine in DMF at 15-30 C.
Protecting groups which can be removed
hydrogenolytically (for example CBZ, benzyl or the
liberation of the amidino group from the oxadiazole
derivative thereof) can be cleaved off, for example,
by treatment with hydrogen in the presence of a
catalyst (for example a noblemetal catalyst, such as
palladium, advantageously on a support, such as
carbon). Suitable solvents here are those indicated
above, in particular, for example, alcohols, such as
methanol or ethanol, or amides, such as DMF. The
hydrogenolysis is generally carried out at
temperatures between about 0 and 100 C and pressures
between about 1 and 200 bar, preferably at 20-30C and
1-10 bar. Hydrogenolysis of the CBZ group succeeds
well, for example, on 5 to 10% Pd/C in methanol or
using ammonium formate (instead of hydrogen) on Pd/C
in methanol/DMF at 20-30C. Examples of suitable inert
solvents are hydrocarbons, such as hexane, petroleum
ether, benzene, toluene or xylene; chlorinated
hydrocarbons, such as trichloroethylene, 1,2-
dichloroethane, tetrachloromethane,
tri-fluoro-methylbenzene, chloroform or DCM; alcohols,
such as methanol, ethanol, isopropanol, n-propanol,
n-butanol or tert-butanol; ethers, such as diethyl
ether, diisopropyl ether, tetrahydrofurane (THF) or
dioxane; glycol ethers, such as ethylene glycol
monomethyl or monoethyl ether or ethylene glycol
dimethyl ether (diglyme); ketones, such as acetone or
butanone; amides, such as acetamide,
dimethylacetamide, Nmethylpyrrolidone (NMP) or
dimethyl-formamide (DMF); nitriles, such as
acetonitrile; sulfoxides, such as dimethyl sulfoxide
(DMSO); carbon disulfide; carboxylic acids, such as
formic acid or acetic acid; nitro compounds, such as
nitromethane or nitrobenzene; esters, such as EtOAc,
or mixtures of the said solvents. Esters can be
saponified, for example, using LiOH, NaOH or KOH in
water, water/THF, water/THF/ethanol orwater/dioxane,
at temperatures between 0 and 1000C. Furthermore,
ester can be hydrolysed, for example, using acetic
acid, TFA or HCL.Free amino groups can furthermore be
acylated in a conventional manner using an acid
chloride or anhydride or alkylated using an
unsubstituted or substituted alkyl halide or reacted
with CH3-C(=NH)-OEt, advantageously in an inert
solvent, such as DCM or THF and/or in the presence of
a base, such as triethylamine or pyridine, at
temperatures between -600C and +3O0C. Therefore, the
invention also relates to the preparation of the
compounds of formula (I), and salts thereof,
characterized in that a) a compounds of formula A
wherein W, Ra and Rb have the meanings given above,
and T is OH, or a leaving group, such as Cl, Br, I ,
imidazolyl, pentafluorophenoxy or the product of the
reaction of isobutyl chloroformate with formula A,
wherein T is OH, is reacted with a compounds of
formula B wherein R1 and R2 Q and S have the meanings
given above preferably in the presence of a solvent
and of a suitable base, such as an amine like TEA,
DIEA or NMM, or in case T is OH, in the presence of a
suitable condensation reagent, such as EDC, HATU, and
the resulting product is cyclized, preferably in the
presence of an amine, such as DIEA, TEA or
tetrabatylaminonium fluoride and optionally a base or
acid of the formula I is converted into one of its
salts.Throughout the specification, the term leaving
group preferably denotes Cl, Br, I or a reactively
modified OH group, such as, for example, an activated
ester, an imidazolide or alkylsulfonyloxy having 1-6
carbon atoms (preferably methylsulfonyloxy or
trifluoromethylsulfonyloxy) or arylsulfonyloxy having
6-10 carbon atoms (preferably phenyl- or
p-tolylsulfonyloxy). Radicals of this type for
activation of the carboxyl group in typical acylation
reactions are described in the literature (for example
in the standard works, such as Houben-Weyl, Methoden
der organischen Chemie [Methods of Organic Chemistry],
Georg-Thieme-Verlag, Stuttgart). Activated esters are
advantageously formed in situ, for example through
addition of HOBt or N-hydroxysuccinimide. The formula
(I) also encompasses the optically active forms
(stereoisomers), the enantiomers, the racemates, the
diastereomers and the hydrates and solvates of these
compounds. The term "solvates of the compounds" is
taken to mean adductions of inert solvent molecules
onto the compounds which form owing to their mutual
attractive force. Solvates are, for example, mono- or
dihydrates or alcoholates. The term "pharmaceutically
usable derivatives" is taken to mean, for example, the
salts of the compounds of the formula I and so-called
prodrug compounds. The term "prodrug derivatives" is
taken to mean compounds of the formula I which have
been modified with, for example, alkyl or acyl groups,
sugars or oligopeptides and which are rapidly cleaved
in the organism to form the active compounds. These
also include biodegradable polymer derivatives of the
compounds according to the invention, as described,
for example, in Int. J. Pharm. 115 , 61-67 (1995). The
formula (I) also encompasses mixtures of the compounds
of the formula I , for example mixtures of two
diastereomers, for example in the ratio 1: 1 , 1:2,
1:3, 1:4, 1:5, 1:10, 1:100 or 1:1000. These are
particularly preferably mixtures of stereoisomeric
compounds. The invention also encompasses compounds of
Formula (I) wherein Ra is cycloalkyl having 3 - 7
atoms, OA, NA2, or NO2, Rb is H, CN, CF3, or OR3, and
wherein Ar and Het can be unsubstituted or substituted
elsewhere than at the atom adjacent to the atom
linking the Ar or Het group to the rest of the
molecule.In a preferred embodiment, the invention
relates to compounds of Formula (I) wherein R1, R2, W,
Q, S and Rb are as defined above, and wherein Ra is Ar
or Het monosubstituted at the carbon adjacent to the
carbon linked to the rest of the molecule. In another
preferred embodiment, the invention relates to
compounds of Formula (I) wherein Q is on meta position
with regards to the oxadiazole moity. Very
particularly, preferred embodiments of formula (I) are
the compounds of formula IA, IB, IC and ID: wherein
R1, R2, R3, Ra, Rb, Q, S and W are defined as above
formula ID is especially preferred. Preferably, W in
formula ID is CH. A Preferred embodiment of formula
(I) relates also to compounds of formula (IE)Wherein
W, Rb, R1, R2, Q, S are as defined above and wherein
Z' denotes Ar or Het, Rx denotes Hal, A, OR3, N(R3)2,
NO2, CN, COOR 3, CF3, OCF3, CON(R 3)2, NR3COA,
NR3CON(R 3)2, NR3SO2A, COR3, SO2N(R3)2, SOA or SO2A,
phenyl, pyridyl, -[C(R 3)2]n-COOR 3 or -O[C(R
3)2]n-CON(R 3)2. Preferably Rx is in such position
that it limits the rotation of the ring Z' with
respect to the ring bearing Rb, by the meaning of
steric hindrence or electrostatic interactions with
Rb. Rx is preferably an alkyl or an alkoxy chain
containing 1 to 5 carbon atoms. Rx is most preferably
attached to the atom adjacent to the atom which links
the ring Z to the rest of the molecule. Rx is most
preferably -CH 3, -C2H5, F, Cl, -OCH 3, -OC2H5, -
CH2OCH3 and Rb is simultaneously -CH 3, -C2H5, F, Cl,
-OCH 3, -OC2H5, -CH2OCH3, -CH2OH, -CH2N(CH3)2, CF3. An
other preferred embodiment of Formula (I) relates to
compounds of Formula (IF) Wherein W, Rx, Rb, R1 and T
are as defined above, and wherein G denotes a linear
or branched carbon chain terminated with carboxylic
acid, carboxylic ester, amide, amine or alcohol
function, and optionaly containing 1 or 2 oxygen
and/or nitrogen atoms, or a - CONR 3- group, or a
C3-C6cycloalkyl group. G preferably denotes -CH2OH,
-OCH 2COOH, - CO-N H-(CH2)n-CO 2R3, -CO-NR 3-(CH
2)n-CO 2R3, -CO-NR 3-(C3-C3cycloalkyl)-CO 2H, -CO-NR
3- (C3-C6cycloalkyl)-CO 2CH3, -CO-NR
3-(C3-C6cycloalkyl)-CO 2C2H5,
-CH2NR3-(C3-C6cycloalkyl)- CO2H,
-CH2NR3-(C3-C6cycloalkyl)-CO 2CH3,
-CH2NR3-(C3-C6cycloalkyl)-CO 2C2H5, - CONH(CH 2)nCN,
-CH 2NH(CH 2)nCN, -CONH(CH 2)nOCH3, -CONH(CH 2)nOH, -
CON(CH 3)(CH2)nOCH3,-CON(CH 3)(CH 2)nOH, -CONH(CH
2)nNHCOCH 3, -NH(CH 2)nCO2H, - CH2N(CH3)-(CH 2)nCO2H,
-CON(CH 3)-(CH 2)nCO2H, -CH2N(CH3)-(CH 2)nCO2CH3,
-CH2N(CH3)- (CH2)nCO2C(CH 3)3, -CON(CH 3)-(CH
2)nCO2CH3, -CONH(CH 2)nCO2CH3, - CONHCH(CH 3)(CH
2)nCO2CH3, -CONHCH(CH 3)(CH 2)nCO2C2H5, - CONHCH(CH
3)(CH 2)nCO2H, -CONHC (CH3)2(CH2)nCO2CH3, CON
HC(CHa)2(CH2)HCO2C2H5, - CONHC(CH 3)2(CH2)nCO2H,
-CH2O(CH 2)nCO2H, -CH 2O(CH 2)nCO2CH3, -CH2O(CH
2)HCO2C2H5, -CH 2O(CH 2)nCO2C(CH 3)3, -O(CH 2)nCO2H,
-O(CH 2)nCO2CH3, - O(CH 2)nCO2C2H5, -O(CH 2)nCO2C(CH
3)3, Wherein n and R3 are as above defined. 



An other preferred embodiment of Formula (I) relates
to compounds of Formula (IG) Wherein Ff, R1, R Q, S,
Z' and Rx are as above defined An other preferred
embodiment of Formula (I) relates to compounds of
Formula (IH) Wherein Rb, Rx, R1, T and G are as above
defined Other preferred embodiments of Formula (I) are
compounds of Formula (IJ) and (IK)Wherein D denotes R2
or Q-S, more preferably D is H, F, Cl, -CO2H, -CO2CH3,
-CO2C2H5, - SO2NH2, -CH2OH, -OH, -OCH2COOH, -CONH 2,
-CO-NH-(CH 2)n-CO2R3, -CO-NR 3- alkyl-CO 2R3, -CO-NR
3-(C3-C6cycloalkyl)-CO 2H, -CO-NR
3-(C3-C6cycloalkyl)-CO 2CH3, -CO-NR
3-(C3-C6cycloalkyl)-CO 2C2H5,
-CH2NR3-(C3-C6cycloalkyl)-CO 2H, -CH2NR3-
(C3-C6cycloalkyl)-CO 2CH3,
-CH2NR3-(C3-C6cycloalkyl)-CO 2C2H5, -CONH(CH 2)nCN,
-CH 2NH(CH2)nCN, -CONH(CH 2)nOCH3, -CONH(CH 2)nOH, -
CON(CH 3)(CH2)nOCH3,-CON(CH 3)(CH2)nOH, -CONH(CH
2)nNHCOCH 3, , -NH(CH 2)nCO2H, -CH2N(CH3)- (CHz)nCO2H,
-CON(CH 3)-(CH 2)nCO2H, -CH2N(CH3)-(CH2)nCO2CH3,
-CH2N(CH3)- (CH2)nCO2C(CH3)3, -CON(CH 3)-(CH2)nCO2CH3,
-CONH(CH 2)nCO2CH3, - CONHCH(CH 3)(CH2)nCO2CH3,
-CONHCH(CH3)(CH 2)nCO2C2H5, CONHCH(CH 3)(CH2)nCO2H,
-CONHC (CH3)2(CH2)nCO2CH3, CONHC(CH 3)2(CH2)nCO2C2H5,
-CONHC(CH 3)2(CH2)nCO2H, -CH2O(CH2)nCO2H, -
CH2O(CHz)nCO2CH3, -CH2O(CHz)nCO2C2H5, -CH2O(CH2
CO2C(CHs)3, - O(CH2)nCO2H, -O(CH 2)nCO2CH3, -O(CH
2)nCO2C2H5, -O(CH 2)nCO2C(CH3)3, E denotes R1, more
preferably, E is H, F, Cl, -CO2H, -CO2CH3, -CO2C2H5,
-SO2NH2, -CH2OH, -OH, -OCH 2COOH, -CONH 2, -CO-NH-(CH
2)n-CO2R3, -CO-NR 3-alkyl- CO2R3, -CO-NR
3-(C3-C6cycloalkyl)-CO 2H, -CO-NR
3-(C3-C6cycloalkyl)-CO 2CH3, -CONR3-(
C3-C6cycloalkyl)-CO 2C2H5,
-CH2NR3-(C3-C6cycloalkyl)-CO 2H, -CH2NR3-(C3-
C6cycloalkyl)-CO 2CH3, -CH2NR3-(C3-C6cycloalkyl)-CO
2C2H5, -CONH(CH 2)nCN, - CH2NH(CH2)nCN, -CONH(CH
2)nOCH3, -CONH(CH 2)nOH, -CON(CH 3)(CH2)nOCH3, -CON(CH
3)(CH2)nOH, -CONH(CH 2)nNHCOCH 3, , -NH(CH 2)nCO2H,
-CH2N(CH3)-(CH 2)nCO2H, -CON(CH 3)- (CH2)nCO2H,
-CH2N(CH3)-(CH 2)nCO2CH3, -CH2N(CH3)-(CH
2)nCO2C(CH3)3, - CON(CH 3)-(CH 2)nCO2CH3, -CONH(CH
2)nCO2CH3, -CONHCH(CH 3)(CH2)nCO2CH3, - CONHCH(CH
3)(CH2)nCO2C2H5, CONHCH(CH 3)(CH2)nCO2H, -CONHC
(CH3)2(CH2)nCO2CH3, CONHC(CH 3)2(CH2)nCO2C2H5,
-CONHC(CH 3)2(CH2)nCO2H, - CH2O(CH2)nCO2H,
-CH2O(CH2)nCO2CH3, -CH2O(CH2)nCO2C2H5, -
CH2O(CH2)nCO2C(CH3)3, -O(CH 2)nCO2H, -0(CHz) nCO2CH3,
-O(CH 2)nCO2C2H5, - O(CHz)nCO2C(CH3)3,Wherein R3 and n
are as above defined. An other preferred embodiment of
Formula (I) are compounds of Formula IL wherein R2 is
as defined above, K denotes A, and L denotes -(CH
2)mX(CH2)mS wherein m and S are as above defined and X
denotes -NR3- , -COO- or -CONR 3, wherein R3 is as
above defined. More preferably, K denotes C1-C6 alkyl
group. More preferably K is a branched C1-C6 alkyl.
Most preferably, K is -CH 3, ethyl, propyl, isopropyl,
butyl, isobutyl, tert-butyl, pentyl, methylbutyl. L
preferably denotes -CH 2-N(CH3)CH2CO2H, -(CH
2)2-N(CH3)CH2CO2H, -CH 2-N(CH3)(CH2)2CO2H, -
(CH2)2-N(CH3)(CH2)2CO2H, -CH 2-NHCH2CO2H, -(CH
2)2-NHCH2CO2H, -CH 2- NH(CH2)2CO2H, -(CH 2)2-NH(CH
2)2CO2H, -CH 2-N(CH3)CH2CO2Me, -(CH 2J2-
N(CH3)CH2CO2Me, -CH 2-N(CH3)(CH2)2CO2Me, -(CH
2)2-N(CH3)(CH2)2CO2Me, - CH2-NHCH2CO2Me, -(CH
2)2-NHCH2CO2Me, -CH 2-NH(CH2)2CO2Me, -(CH 2J2-
NH(CH2)2CO2Me, -CH 2-N(CH3)CH2CO2Et, -(CH
2)2-N(CH3)CH2CO2Et, -CH 2- N(CH3)(CH2)2CO2Et, -(CH
2)2-N(CH3)(CH2)2CO2Et, -CH 2-NHCH2CO2Et, -(CH 2J2-
NHCH2CO2Et, -CH 2-NH(CH2)2CO2Et, -(CH 2)2-NH(CH
2)2CO2Et, -CH 2- N(CH3)CH2C0 2tBu, -(CH
2)2-N(CH3)CH2C0 2tBu, -CH 2-N(CH3)(CH2)2C0 2tBu, -
(CH2)2-N(CH3)(CH2)2CO2tBu, -CH 2-NHCH2C0 2tBu, -(CH
2)2-NHCH2C0 2tBu, -CH 2- NH(CH2)2Cq 2tBu, -(CH
2)2-NH(CH2)2CO2tBu. In another preferred embodiment,
compounds of Formula (I) exhibit a selectivity on S1P1
receptor over S1P3 receptor of more than 20 fold,
preferably more than 50 fold, more preferably more
than 100 fold, even more preferably more than 1000
fold. Preference is given to the compounds of the
present invention selected from the following group 1
to I27:Oxadiazole diary I compounds The present
invention relates to oxadiazole diaryl compounds,
their use as medicaments and their use for treating
multiple sclerosis and other diseases. In particular,
the invention relates to compounds of formula (I):
wherein R11, R.2 denote H, Hal, CF3, OCF3, CN, or NO2,
W denotes CH or N, Ra is Ar, Het, cycloalkyl having 3
- 7 atoms, A or NA2, Rb is H, A, Hal, CF3, OCF3, OR3,
CN, NO2, (CH2)nN(R3)2, OA, especially OCH3,
(CH2)nSO2N(R3)2, (CH2)nNR3SO2A, (CH2)nN(SO2A)2,
NR3CON(R3)2, NR3COA or (CH2)nSO2R3, Rc denotes A, COA,
CSA, COOA, CSOA, CON(R3)2 or CSN(R3)2 A is branched or
linear alkyl having 1 to 12 C-atoms, wherein one or
more, preferably all H-atoms may be replaced by Hal,
especially F, or 1 to 7 Hatoms may be replaced by OR3,
CN or N(R3)2 and wherein one or more, preferably 1 to
7 non-adjacent CH2-groups may be replaced by O, NR3 or
S and/or by -CH=CH- or -CC- groups, or denotes
cycloalkyl or cycloalkylalkylen having 3-7 ring C
atoms Hal is F, Cl, Br or I,Ar denotes a monocyclic or
bicyclic, unsaturated or aromatic carbocyclic ring
having 6 to 14 carbon atoms which may be unsubstituted
or monosubstituted, disubstituted or trisubstituted by
Hal, A, CH2OA, CH2N(R3)2, OR3, N(R3)2, NO2, N(SO2Me)2,
CN, COOR3, CF3, OCF3, CON(R3)2, NR3COA, NR3CON(R3)2,
NR3SO2A, COR3, SO2N(R3)2, SOA or SO2A, phenyl, pyridyl
-[C(R3)2]n-COOR3 and/or -O[C(R 3)2]n-CON(R 3)2, Het
denotes a monocyclic or bicyclic, saturated,
unsaturated or aromatic heterocyclic ring having 1 N
and/or 1 to 3 O and/or S atoms which may be
unsubstituted or monosubstituted, disubstituted or
trisubstituted by Hal, A, - [C(R3)2]n-Ar,
-[C(R3)2]n-cycloalkyl, CH2OA, CH2N(R3)2,OR3, CF3,
OCF3, N(R3)2, N(SO2Me)2, NR3CON(R3 2, NO2, CN,
-[C(R3)2]n-COOR 3, -[C(R3)2]n-CON(R 3)2, NR3COA,
NR3SO2A, COR3, SO2N(R3)2, SOA, phenyl, pyridyl and/or
SO2A, R3 is H or A and n is O, 1, 2, 3, 4, 5 , 6, 7 or
8, and pharmaceutically acceptable derivatives,
solvates, tautomers, salts and stereoisomers thereof,
including mixtures thereof in all ratios. The
compounds of formula (I) are preferably binding on
receptors for sphingosine 1-phosphate (S1 P). S 1P is
a bioactive sphingolipid metabolite that is secreted
by hematopoietic cells and stored and released from
activated platelets. It acts as an agonist on a family
of G proteincoupled receptors (GPCR). Five sphingosine
1-phosphate receptors have been identified (S1Pi, S
1P2, S 1P3, S 1P4, and S 1P5, also known as
endothelial differentiation genes, which are Edg1 ,
Edg5, Edg3, Edg6 and Edg8 respectively), that have
widespread cellular and tissue distribution and are
well conserved in human and rodent species. S 1P is
involved in a number of cellular functions such as
survival, proliferation and immunological responses.
The compounds of the present invention are preferably
acting as S 1P -i/Edg1 receptor agonists and thus have
immunosuppressive activities by modulating leukocyte
trafficking, sequestering lymphocytes in secondary
lymphoid tissues, and interfering with cell-cell
interactions required for an efficient immune
response. The invention is also directed to
pharmaceutical compositions containing such compounds
and methods of treatment or prevention.FTY720
orfingolimod, a non selective S 1Pi agonist, exerts
immunosuppressive activity and shows therapeutic
effects in the treatment of relapsing-remitting
multiple sclerosis. Numerous publications have been
already published using this compound: Cyster JG Annu
Rev Immunol 23:127-59, 2005, Rosen H Nat Rev Immunol
5:560-570, 2005, Rosen H Trends Immunol 28:102-107,
2007, Yopp AC Clin Transplant 20:788-795, 2006, Kappos
L N Engl J Med 355:1 124-1 140, 2006, Massberg S N
Engl J Med 355:1088-1089, 2006. Immunosuppressive
agents are further useful in a wide variety of
autoimmune and chronic inflammatory diseases,
including systemic lupus erythematosus, chronic
rheumatoid arthritis, type I diabetes mellitus,
inflammatory bowel diseases, biliary cirrhosis,
uveitis and other disorders such as Crohn's diseases,
ulcerative colitis, bullous pemphigoid, sarcoidosis,
psoriasis, autoimmune myositis, Wegener's
granulomatosis, ichthyosis, Graves ophthalmopathy,
atopic dermatitis and asthma. They are also useful as
part of chemotherapeutic regimens for the treatment of
cancers, lymphomas and leukemias. It has been found
that the compounds of the present invention are
selective S 1Pi agonists with improved pharmacological
and/ or other properties. The present invention uses
compounds of Formula (I) and pharmaceutically usable
derivatives, salts, tautomers, solvates and
stereoisomers thereof, including mixtures thereof in
all ratios, for the preparation of a medicament for
the treatment and/or prophylaxis of diseases in which
the inhibition, activation, regulation, and/or
modulation of S 1Pi receptor signal transduction plays
a role. Thus, the present invention preferably
comprises compounds which are agonists of the S 1P
-i/Edg1 receptor, especially having selectivity over
the S 1P3/Edg3 receptor. An S 1P -i/Edg1 receptor
selective agonist has advantages over current
therapies and extends the therapeutic window of
lymphocyte sequestration agents, allowing better
tolerability with higher dosing and thus improving
efficacy. The invention further relates to the
manufacture of a medicament for the improvement of
vascular function, either alone or in combination with
other active compounds or therapies. The oxadiazole
diaryl compounds according to Formula (I) may be
prepared from readily available starting materials
using the following general methods and procedures. It
will be 



appreciated that where typical or preferred
experimental conditions (i.e. reaction temperatures,
time, moles of reagents, solvents etc.) are given,
other experimental conditions can also beused unless
otherwise stated. Optimum reaction conditions may vary
with the particular reactants or solvents used, but
such conditions can be determined by the person
skilled in the art, using routine optimisation
procedures. The following abbreviations refer
respectively to the definitions below: aq. (aqueous),
h (hour), g (gram), L (liter), mg (milligram), MHz
(Megahertz), mM (micromolar) min. (minute), mm
(millimeter), mmol (millimole), rmM (millimolar), m.p.
(melting point), eq. (equivalent), mL (milliliter),
ml_ (microliter), ACN (acetonitrile), BINAP (2,2'-
bis(disphenylphosphino)-1 ,1 '-binaphthalene, BOC
(tert-butoxy-carbonyl), CBZ (carbobenzoxy), CDCI3
(deuterated chloroform), CD3OD (deuterated methanol),
CH3CN (acetonitrile), cone (concentrated), c-hex
(cyclohexane), DCC (dicyclohexyl carbodiimide), DCE
(dichloroethane), DCM (dichloromethane), DIC
(diisopropyl carbodiimide), DIEA
(diisopropylethyl-amine), DMF (dimethylformamide),
DMSO (dimethylsulfoxide), DMSO-d6 (deuterated
dimethylsulfoxide), EDC
(1-(3-dimethyl-amino-propyl)-3-ethylcarbodiimide), ESI
(Electro-spray ionization), Ethyl acetate (ethyl
acetate), Et2O (diethyl ether), EtOH (ethanol), FMOC
(fluorenylmethyloxycarbonyl), HATU (dimethylamino-([1
,2,3]triazolo[4,5-b]pyridin-3-yloxy)-methylene]-dimeth
yl-ammonium hexafluorophosphate), HPLC (High
Performance Liquid Chromatography), i-PrOH
(2-propanol), K2CO3 (potassium carbonate), LC (Liquid
Chromatography), MeOH (methanol), MgSO4 (magnesium
sulfate), MS (mass spectrometry), MTBE (Methyl
tert-butyl ether), Mtr. ( AMethoxy- 2, 3,
6-trimethylbenzensulfonyl), MW(microwave), NaHCO3
(sodium bicarbonate), NaBH4 (sodium borohydride), NMM
(N-methyl morpholine), NMR (Nuclear Magnetic
Resonance), Pd(PPh3)4
(tetrakis(triphenylphosphine)palladium), POA
(phenoxyacetate), PyBOP(r)
(benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate), RT (room temperature), Rt
(retention time), sat. (saturated), SPE (solid phase
extraction), TBTU (2-(1-Hbenzotriazole- 1-yl)-1 ,1
,3,3-tetramethyluromium tetrafluoro borate), TEA
(triethylamine), TFA (trifluoroacetic acid), THF
(tetrahydrofuran), TLC (Thin Layer Chromatography), UV
(Ultraviolet). Depending on the nature of Ra, Rb, Rc,
R1, R2 and W different synthetic strategies may be
selected for the synthesis of compounds of Formula
(I). In the process illustrated in the following
schemes Ra, Rb, Rc, R1, R2 and W are as above-defined
in the description. In general, the oxadiazole diaryl
compounds according to Formula (I) of this invention
may be prepared from readily available starting
materials. If such starting materials are not
commercially available they may be prepared by
standard synthetic techniques. The following general
methods and procedures described hereinafter in the
examples may be employed to prepare compounds of
Formula (I).Generally, compounds of Formula (I) can be
prepared by coupling an aryl amidoxime of Formula
(III) and an aryl carboxylic acid of Formula (IV) (or
an activated derivative thereof, such as formula II)
and by dehydrating the resulting intermediate, wherein
Ra, Rb, Rc, R1, R2 and W are defined as above, as
outlined in Scheme 1. General protocols for such
couplings and dehydrations are given below in the
Examples, using conditions and methods well known to
those skilled in the art to prepare an oxadiazole from
an aryl carboxylic acid and an aryl amidoxime, by
forming an acid derivative such as an acid chloride by
reacting the carboxylic acid with oxalyl chloride,
thionyl chloride or trichloroacetonitrile and a
suitable phosphine (e.g. Polymer supported triphenyl
phosphine) in the presence or absence of bases such as
TEA, DIEA, NMM in a suitable solvent such as DCM, THF
or DMF, at a temperature rising from 20 0C to 200 C,
for a few hours, e.g. one hour to 24 h. The obtained
acid chloride may be coupled to an amidoxime of
Formula (III) and the resulting intermediate
dehydrated in the presence or absence of bases such as
TEA, DIEA, NMM or pyridine in a suitable solvent such
as DCM, THF or toluene at a temperature rising from
about 20C to about 200C, preferably 150 C for a time
ranging from about 10 minutes to about 24 h,
preferably 30 minutes. Alternatively, coupling agents,
such as but not limited to polymer-supported
1-alkyl-2-chloropyridinium salt (polymersupported
Mukaiyama's reagent), 1-methyl-2-chloropyridinium
iodide (Mukaiyama's reagent), EDC or HATU in the
presence or absence of bases such as TEA, DIEA, NMM in
a suitable solvent such as DCM, THF or DMF, at a
temperature rising from about 20 C to about 50 C,
preferably at room temperature, for a few hours, e.g.
one hour to 24 h, may be used. Scheme 1 ounds of
Formula (Ia) can be obtained from Compounds of Formula
(Ib) as outlined in Scheme 2 by the reduction of the
nitro to an amine, using hydrogen (which can be
generated in situ from ammonium formate or formic
acid) in the presence of a metal catalyst such as Pd/C
or Raney nickel, or using reducing agents such as iron
or tin(ll) chloride, or using metal hydrides such as
lithium aluminum hydride, in a suitable solvent such
as a lower alcohol, water, THF, dioxane or ether, or a
mixture thereof, at a temperature ranging from about
-100 0C to about 1000C, preferably from 0C to 8O0C,
for a few hours. Scheme 2Compounds of Formula (Ic)
and/or (Id), can be obtained from compounds of Formula
(Ie) as outlined in Scheme 3, by sulfonylation of the
amino group, using alkylsulfonylchlorides. This
reaction can be done in the absence or the presence of
a base such as TEA, DIEA or pyridine, in a suitable
solvent such as DCM, DCE, THF, dioxane, DMF or DMA or
a mixture thereof. This reaction is preferrably
performed at a temperature ranging from about 0 C to
about 100 C, preferably from 0 C to 40 C, for a few
hours. Scheme 3 Compounds of Formula (If) can be
obtained from compounds of Formula (Ih) as outlined in
Scheme 4 by transforming the hydroxyl moiety into a
leaving group such as, but not limited to, alkyl- or
aryl-sulfonates or halogens (preferably Cl, Br and I).
The obtained intermediate (Ig) is then reacted with an
amine of Formula HN(R3)2 in the absence or the
presence of a base such as TEA, DIEA or pyridine, in a
suitable solvent such as DCM, DCE, THF, dioxane DMF or
DMA or a mixture thereof. This reaction is preferrably
performed at a temperature ranging from about 0C to
about 100C, preferably from 0C to 40C, for a few
hours, preferably from 1 to 5 hours. Scheme 4Compounds
of Formula (Ii) can be obtained from compounds of
Formula (Ih) by one step oxidation using reagents such
as KMnO or K2Cr2O7. Compounds of Formula (Ii) can also
be obtained by a two-step procedure as outlined in
scheme 5 . The first step is the transformation of the
-CH2OH moiety into an aldehyde (-CHO) using
conventional conditions such as, but not limited to,
MnO2 or Swern oxidation. The second step consists in
reacting the intermediate (Ij) with an oxidant such as
sodium chlorite. This reaction can be performed in the
presence or the absence of a base such as sodium
dihydrogenphosphate, in a suitable solvent such as
water, THF, dioxane or a mixture thereof. This
reaction is preferrably performed at a temperature
ranging from about -200C to about 6O0C, preferably
from O0C to 40C, for a few hours, preferably from 10
to 40 hours. Scheme 5 The compounds of Formula (III),
wherein R1, R2 and Rc are defined as above, can be
obtained as outlined in Scheme 6 by reacting a
commercially available aryl nitrile derivative with
hydroxylamine in a suitable solvent such as water,
MeOH, EtOH or a mixture thereof, preferably EtOH at a
temperature ranging from about 20 C to about 100C,
preferably 20C to 60 C for a few hours. Scheme 6 The
method for preparing the compounds of Formula (III)
selected below:
N'-hydroxy-2-methoxybenzenecarboximidamide
N'-hydroxy-2-(trifluoromethoxy)benzenecarboximidamide
2-ethoxy-N'-hydroxybenzenecarboximidamideS-fluoro-N'-h
ydroxy^-methoxybenzenecarboximidamide is more
particularly described in the Examples. The compounds
of Formula (IV), wherein Ra and Rb are defined as
above, can be obtained as outlined in Scheme 7 when Ra
is a tertiary amino group. The first step consists of
the reaction of a commercially available secondary
amine (Ra-H) with a commercially available
4-fluorobenzoic ester derivative in the presence or
absence of bases such as TEA, DIEA or NMM at a
temperature ranging from about 200C to about 1500C,
preferably at room temperature, for a few hours, e.g.
one hour to 24 h in a suitable solvent such as DMF,
EtOH. The resulting ester can then be hydrolysed to
give compounds of Formula (IV) using conditions and
methods well known to those skilled in the art, such
as but not limited to the use of a metal hydroxide,
e.g. lithium hydroxide, sodium hydroxide or potassium
hydroxide, in a suitable solvent such as THF, methanol
or water or mixtures thereof, at a temperature ranging
from about 20 C to about 50 C, preferably at room
temperature, for a few hours, e.g. one hour to 24 h.
Scheme 7 Alternatively, compounds of Formula (IV),
wherein Ra and Rb are defined as above, can be
obtained as outlined in Scheme 8 when Ra is a tertiary
amino group. The first step consists in the reaction
of a commercially available secondary amine (Ra-H)
with a commercially available 4-fluorobenzonitrile
derivative in the presence or absence of bases such as
TEA, DIEA or NMM at a temperature rising from about 20
C to about 150 C, preferably at 60C, for a few hours,
preferably 8 h , neat or in a suitable solvent such as
DMF, or EtOH. The resulting nitrile derivative can
then be transformed into the corresponding ester
derivative using conditions and methods well known to
those skilled in the art, such as but not limited to
the use of a mineral acid such as HCI in an alcohol
such as MeOH, EtOH, preferably MeOH at a temperature
rising from about 20C to about 1000C, preferably 60C
for a few hours, preferably 24 h. The resulting ester
can then be hydrolysed to give compounds of Formula
(IV) by the use of a metal hydroxide, e.g. lithium
hydroxide, sodium hydroxide or potassium hydroxide, in
a suitable solvent such as THF, methanol or water or
mixtures thereof, at a temperature rising from 20 0C
to 50 0C, preferably at room temperature, for a few
hours, e.g. one hour to 24 h. Scheme 8The compounds of
Formula (IV), wherein Rb is defined as above and
wherein Ra is a tertiary amino group, can be obtained
as outlined in Scheme 9. The first step consists of
the reaction of a commercially available secondary
amine (Ra-H) with a 4-bromobenzoic ester derivative in
the presence of a palladium source such as Pd(OAc)2, a
ligand such as BINAP and a base such as Cs2CO3, K2CO3,
tBuOK, tBuONa, TEA, DIEA or NMM. The reaction is
preferrably performed at a temperature rising from
about 200C to about 1500C, preferably between 8O0C and
1200C, for a few hours, e.g. one hour to 24 h in a
suitable solvent such as DMF, EtOH or dioxane. The
resulting ester can then be hydrolysed to give
compounds of Formula (IV) using conditions and methods
well known to those skilled in the art, such as but
not limited to the use of a metal hydroxide, e.g.
lithium hydroxide, sodium hydroxide or potassium
hydroxide, in a suitable solvent such as THF, methanol
or water or mixtures thereof, at a temperature ranging
from 



about 20 0C to about 50 0C, preferably at room
temperature, for a few hours, e.g. one hour to 24 h.
Scheme 9 The method for preparing the compounds of
Formula (IV) selected below:
3-nitro-4-piperidin-1-ylbenzoic acid
4-morpholin-4-yl-3-nitrobenzoic acid
4-piperidin-1-ylbenzoic acid
4-[cyclohexyl(methyl)amino]-3-nitrobenzoic acid
4-(2-methylpiperidin-1-yl)-3-nitrobenzoic acid
4-(3,3-difluoropiperidin-1-yl)-3-nitrobenzoic acid
3-nitro-4-pyrrolidin-1 -ylbenzoic acid 4-azepan-1
-yl-3-nitrobenzoic acid 4-(2-methylpiperidin-1
-yl)-3-(trifluoromethyl) benzoic acid
4-(2,5-dimethylpyrrolidin-1-yl)-3-nitrobenzoic acid
4-[bis(2-methoxyethyl)amino]-3-nitrobenzoic acid
3-cyano-4-(2-methylpiperidin-1 -yl)benzoic acid
6-(2-methylpiperidin-1-yl)nicotinic acid
5-methyl-6-(2-methylpiperidin-1 -yl)nicotinic acid
6-[2-(methoxymethyl)pyrrolidin-1
-yl]-5-methylnicotinic
acid3-methyl-4-piperidin-1-ylbenzoic acid 4-pipe i
din-1 -yl-3-(trifluoromethyl)benzoic acid is more
particularly described in the Examples. Alternatively,
compounds of Formula (IV), wherein Rb is defined as
above and wherein Ra is an aryl or heteroaryl group,
can be obtained as outlined in Scheme 10. The first
step consists of coupling a commercially available
4-bromobenzoic ester derivative with a commercially
available aryl- or heteroaryl-boronic acid (Ra-B(OH)2)
, a commercially available aryl- or heteroaryl-boronic
pinacol ester or a commercially available aryl- or
heteroaryl-tributylstannane, in the presence of a
source of palladium such as
tetrakis(triphenylphosphine)palladium(0) in a suitable
solvent such as a mixture of toluene and water at a
temperature rising from about 20 C to about 150 C,
preferably 120 C for a few hours, preferably 1 to 14
hours in the presence or absence of a base such as
TEA, DIEA, NaHCO3 or K2CO3. The 4-arylbenzoic ester
derivative obtained can then be hydrolysed to give
compounds of Formula (IV) by the use of a metal
hydroxide, e.g. lithium hydroxide, sodium hydroxide or
potassium hydroxide, in a suitable solvent such as
THF, methanol or water or mixtures thereof, at a
temperature ranging from about 20 C to about 50 C,
preferably at room temperature, for a few hours, e.g.
one hour to 24 h. Scheme 10 Alternatively, compounds
of Formula (IV), wherein Ra and Rb are defined as
above can be obtained as outlined in Scheme 11 when Ra
is an aryl or heteroaryl group. The first step
consists of the esterification of a commercially
available 4-boronicester-benzoic acid derivative using
conditions and methods well known to those skilled in
the art, such as thionyl chloride in methanol. This
4-boronicester-benzoic ester derivative intermediate
can then be reacted with an halogenated-
ortrifluoromethanesulfonyl-aromatic or heteroaromatic
in the presence of a source of palladium such as
Pd(PPh3)4 in a suitable solvent such as a mixture of
toluene and water at a temperature rising from about
20 C to about 150C, preferably 120C for a few hours,
preferably 1 to 14 hours in the presence or absence of
a base such as TEA, DIEA, NaHCO3 or K2CO3. The
4-arylbenzoic ester derivative obtained can then be
hydrolysed to give compounds of Formula (IV) by the
use of a metal hydroxide, e.g. lithium hydroxide,
sodium hydroxide or potassium hydroxide, in a suitable
solvent such as THF, methanol or water or mixtures
thereof,at a temperature ranging from about 20 0C to
about 50 0C, preferably at room temperature, for a few
hours, e.g. one hour to 24 h. Scheme 1 1
Alternatively, compounds of Formula (V), wherein Ra is
an aryl or heteroaryl group, can be obtained as
outlined in Scheme 12. The first step consists in
bromination of 4-bromo-3-methylbenzoic ester
derivatives using conditions known by one skill in the
art such as NBS in the presence of AIBN, in a suitable
solvent such as CHCI3 or DCE at a temperature rising
from room temperature to about 120, preferably between
6O0C and 1000C for a few hours. The benzylic bromine
of this intermediate can then be substituted by an
alkylcarboxylate such as an acetate by reaction with
AcONa in AcOH, at a temperature rising from room
temperature to about 150, preferably between 8O0C and
12O0C for a few hours, preferably between 5 and 24
hours. This intermediate can then be coupled with a
commercially available aryl- or heteroarylboronic acid
(Ra-B(OH) 2) , a commercially available aryl- or
heteroaryl-boronic pinacol ester or a commercially
available aryl- or heteroaryl-tributylstannane, in the
presence of a source of palladium such as
tetrakis(triphenylphosphine)palladium(0) in a suitable
solvent such as a mixture of toluene and water at a
temperature rising from about 20C to about 150C,
preferably 120 C for a few hours, preferably 1 to 14
hours in the presence or absence of a base such as
TEA, DIEA, NaHCO3 or K2CO3. The 4-arylbenzoic ester
derivative obtained can then be hydrolysed to give
compounds of Formula (V) by the use of a metal
hydroxide, e.g. lithium hydroxide, sodium hydroxide or
potassium hydroxide, in a suitable solvent such as
THF, methanol or water or mixtures thereof, at a
temperature rising from about 20 C to about 50 C,
preferably at room temperature, for a few hours, e.g.
one hour to 24 h.Scheme 12 The method for preparing
the compounds of Formula (V) selected below:
2,2'-dimethyl-1 ,1 '-biphenyl-4-carboxylic acid
2-methyl-2'-(trifluoromethyl)biphenyl-4-carboxylic
acid 3-methyl-4-(4-methyl-3-thienyl)benzoic acid
2'-methyl-2-nitro-1 ,1 '-biphenyl-4-carboxylic acid
2'-methoxy-2-methylbiphenyl-4-carboxylic acid
2-methoxy-2'-methylbiphenyl-4-carboxylic acid
2',4'-dimethoxy-2-methylbiphenyl-4-carboxylic acid
3-methoxy-4-(4-methyl-3-thienyl)benzoic acid
4-(3,5-dimethylisoxazol-4-yl)-3-methylbenzoic acid
3-methyl-4-(2-methylpyridin-3-yl)benzoic acid
2-(hydroxymethyl)-2'-methylbiphenyl-4-carboxylic acid
is more particularly described in the Examples. If the
above set out general synthetic methods are not
applicable for the obtention of compounds of Formula
(I), suitable methods of preparation known by a person
skilled in the art should be used. The
pharmaceutically acceptable cationic salts of
compounds of the present invention are readily
prepared by reacting the acid forms with an
appropriate base, usually one equivalent, ina
co-solvent. Typical bases are sodium hydroxide, sodium
methoxide, sodium ethoxide, sodium hydride, potassium
hydroxide, potassium methoxide, magnesium hydroxide,
calcium hydroxide, benzathine, choline,
diethanolamine, ethylenediamine, meglumine,
benethamine, diethylamine, piperazine and
tromethamine. The salt is isolated by concentration to
dryness or by addition of a non-solvent. In some
cases, salts can be prepared by mixing a solution of
the acid with a solution of the cation (sodium
ethylhexanoate, magnesium oleate), employing a solvent
in which the desired cationic salt precipitates, or
can be otherwise isolated by concentration and
addition of a non-solvent. According to a further
general process, compounds of Formula (I) can be
converted to alternative compounds of Formula (I),
employing suitable interconversion techniques well
known by a person skilled in the art. In general, the
synthesis pathways for any individual compound of
Formula (I) will depend on the specific substitutents
of each molecule and upon the ready availability of
intermediates necessary; again such factors being
appreciated by those of ordinary skill in the art. For
all the protection and deprotection methods, see
Philip J. Kocienski, in "Protecting Groups", Georg
Thieme Verlag Stuttgart, New York, 1994 and, Theodora
VV. Greene and Peter G. M. Wuts in "Protective Groups
in Organic Synthesis", Wiley Interscience, 3rd Edition
1999. Compounds of this invention can be isolated in
association with solvent molecules by crystallization
from evaporation of an appropriate solvent. The
pharmaceutically acceptable acid addition salts of the
compounds of Formula (I), which contain a basic
center, may be prepared in a conventional manner. For
example, a solution of the free base may be treated
with a suitable acid, either neat or in a suitable
solution, and the resulting salt isolated either by
filtration or by evaporation under vacuum of the
reaction solvent. Pharmaceutically acceptable base
addition salts may be obtained in an analogous manner
by treating a solution of compound of Formula (I) and,
which contain an acid center, with a suitable base.
Both types of salts may be formed or interconverted
using ion-exchange resin techniques. Depending on the
conditions used, the reaction times are generally
between a few minutes and 14 days, and the reaction
temperature is between about -3O0C and 1400C, normally
between - 10C and 9O0C, in particular between about
O0C and about 7O0C. Compounds of the formula (I) can
furthermore be obtained by liberating compounds of the
formula (I) from one of their functional derivatives
by treatment with a solvolysing or hydrogenolysing
agent.Preferred starting materials for the solvolysis
or hydrogenolysis are those which conform to the
formula (I), but contain corresponding protected amino
and/or hydroxyl groups instead of one or more free
amino and/or hydroxyl groups, preferably those which
carry an amino-protecting group instead of an H atom
bonded to an N atom, in particular those which carry
an R'-N group, in which R' denotes an amino-protecting
group, instead of an HN group, and/or those which
carry a hydroxyl-protecting group instead of the H
atom of a hydroxyl group, for example those which
conform to the formula (I), but carry a -COOR" group,
in which R" denotes a protecting group, instead of a
-COOH group. It is also possible for a plurality of -
identical or different - protected amino and/or
hydroxyl groups to be present in the molecule of the
starting material. If the protecting groups present
are different from one another, they can in many cases
be cleaved off selectively. The term "amino-protecting
group" is known in general terms and relates to groups
which are suitable for protecting (blocking) an amino
group against chemical reactions, but which are easy
to remove after the desired chemical reaction has been
carried out elsewhere in the molecule. Typical of such
groups are, in particular, unsubstituted or
substituted acyl, aryl, aralkoxymethyl or aralkyl
groups. Since the amino-protecting groups are removed
after the desired reaction (or reaction sequence),
their type and size are furthermore not crucial;
however, preference is 



given to those having 1-20, in particular 1-8, carbon
atoms. The term "acyl group" is to be understood in
the broadest sense in connection with the present
process. It includes acyl groups derived from
aliphatic, araliphatic, aromatic or hetero-cyclic
carboxylic acids or sulfonic acids, and, in
particular, alkoxy-carbonyl, aryloxycarbonyl and
especially aralkoxycarbonyl groups. Examples of such
acyl groups are alkanoyl, such as acetyl, propionyl
and butyryl; aralkanoyl, such as phenylacetyl; aroyl,
such as benzoyl and tolyl; aryloxyalkanoyl, such as
POA; alkoxycarbonyl, such as methoxy-carbonyl,
ethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl, BOC
(tert-butoxy-carbonyl) and 2-iodoethoxycarbonyl;
aralkoxycarbonyl, such as CBZ ("carbo-benz-oxy"),
4-methoxybenzyloxycarbonyl and FMOC; and
aryl-sulfonyl, such as Mtr. Preferred amino-protecting
groups are BOC and Mtr, furthermore CBZ, Fmoc, benzyl
and acetyl. The term "hydroxyl-protecting group" is
likewise known in general terms and relates to groups
which are suitable for protecting a hydroxyl group
against chemical reactions, but are easy to remove
after the desired chemical reaction has been carried
out elsewhere in the molecule. Typical of such groups
are the above-mentioned unsubstituted or substituted
aryl, aralkyl or acyl groups, furthermore also alkyl
groups. The nature and size of the hydroxyl-protecting
groups are not crucial since they are removed again
after the desired chemical reaction or reaction
sequence; preference is given to groups having 1-20,
in particular 1-10, carbon atoms.Examples of
hydroxyl-protecting groups are, inter alia, benzyl,
4-methoxybenzyl, pnitro- benzoyl, p-toluenesulfonyl,
tert-butyl and acetyl, where benzyl and tert-butyl are
particularly preferred. The compounds of the formula
(I) are liberated from their functional derivatives -
depending on the protecting group used - for example
using strong acids, advantageously using TFA or
perchloric acid, but also using other strong inorganic
acids, such as hydrochloric acid or sulfuric acid,
strong organic carboxylic acids, such as
trichloroacetic acid, or sulfonic acids, such as
benzene- or p-toluenesulfonic acid. The presence of an
additional inert solvent is possible, but is not
always necessary. Suitable inert solvents are
preferably organic, for example carboxylic acids, such
as acetic acid, ethers, such as tetrahydrofuran or
dioxane, amides, such as DMF, halogenated
hydrocarbons, such as dichloromethane, furthermore
also alcohols, such as methanol, ethanol or
isopropanol, and water. Mixtures of the
above-mentioned solvents are furthermore suitable. TFA
is preferably used in excess without addition of a
further solvent, and perchloric acid is preferably
used in the form of a mixture of acetic acid and 70%
perchloric acid in the ratio 9:1. The reaction
temperatures for the cleavage are advantageously
between about 0 and about 50 C, preferably between 15
and 30 C (room temperature). The BOC, OtBu and Mtr
groups can, for example, preferably be cleaved off
using TFA in dichloromethane or using approximately 3
to 5N HCI in dioxane at 15-30C, and the FMOC group can
be cleaved off using an approximately 5 to 50%
solution of dimethylamine, diethylamine or piperidine
in DMF at 15-30 C. Protecting groups which can be
removed hydrogenolytically (for example CBZ, benzyl or
the liberation of the amidino group from the
oxadiazole derivative thereof) can be cleaved off, for
example, by treatment with hydrogen in the presence of
a catalyst (for example a noble-metal catalyst, such
as palladium, advantageously on a support, such as
carbon). Suitable solvents here are those indicated
above, in particular, for example, alcohols, such as
methanol or ethanol, or amides, such as DMF. The
hydrogenolysis is generally carried out at
temperatures between about 0 and 1000C and pressures
between about 1 and 200 bar, preferably at 20-30 0C
and 1- 10 bar. Hydrogenolysis of the CBZ group
succeeds well, for example, on 5 to 10% Pd/C in
methanol or using ammonium formate (instead of
hydrogen) on Pd/C in methanol/DMF at 20- 3O0C.
Examples of suitable inert solvents are hydrocarbons,
such as hexane, petroleum ether, benzene, toluene or
xylene; chlorinated hydrocarbons, such as
trichloroethylene, 1,2- dichloroethane,
tetrachloromethane, tri-fluoro-methylbenzene,
chloroform or dichloromethane; alcohols, such as
methanol, ethanol, isopropanol, n-propanol, n-butanol
or tert-butanol; ethers,such as diethyl ether,
diisopropyl ether, tetrahydrofuran (THF) or dioxane;
glycol ethers, such as ethylene glycol monomethyl or
monoethyl ether or ethylene glycol dimethyl ether
(diglyme); ketones, such as acetone or butanone;
amides, such as acetamide, dimethylacetamide,
Nmethylpyrrolidone (NMP) or dimethyl-formamide (DMF);
nitriles, such as acetonitrile; sulfoxides, such as
dimethyl sulfoxide (DMSO); carbon disulfide;
carboxylic acids, such as formic acid or acetic acid;
nitro compounds, such as nitromethane or nitrobenzene;
esters, such as ethyl acetate, or mixtures of the said
solvents. Esters can be saponified, for example, using
acetic acid or using LiOH, NaOH or KOH in water,
water/THF, water/THF/ethanol or water/dioxane, at
temperatures between 0 and 1000C. Free amino groups
can furthermore be acylated in a conventional manner
using an acid chloride or anhydride or alkylated using
an unsubstituted or substituted alkyl halide or
reacted with CH3-C(=NH)-OEt, advantageously in an
inert solvent, such as dichloromethane or THF and/or
in the presence of a base, such as triethylamine or
pyridine, at temperatures between - 60 C and +30C.
Therefore, the invention also relates to the
preparation of the compounds of formula (I), and salts
thereof, characterized in that a) a compound of
formula A wherein W, Ra and Rb have the meanings given
above, and T is OH, or a leaving group, such as Cl,
Br, I, imidazolyl, pentafluorophenoxy or the product
of the reaction of isobutyl chloroformate with formula
A, wherein T is OH, is reacted with a compound of
formula Bwherein R1, R2 and Rc have the meanings given
above, preferably in the presence of a solvent and of
a suitable base, such as an amine like TEA, DIEA or
NMM, or in case T is OH, in the presence of a suitable
condensation reagent, such as EDC and the resulting
product is cyclized, preferably in the presence of an
amine, such as DIEA, TEA or tetrabutylamonium fluoride
and optionally a base or acid of the formula (I) is
converted into one of its salts. Throughout the
specification, the term leaving group preferably
denotes Cl, Br, I or a reactively modified OH group,
such as, for example, an activated ester, an
imidazolide or alkylsulfonyloxy having 1-6 carbon
atoms (preferably methylsulfonyloxy or
trifluoromethylsulfonyloxy) or arylsulfonyloxy having
6-10 carbon atoms (preferably phenyl- or
p-tolylsulfonyloxy). Radicals of this type for
activation of the carboxyl group in typical acylation
reactions are described in the literature (for example
in the standard works, such as Houben-Weyl, Methoden
der organischen Chemie [Methods of Organic Chemistry],
Georg-Thieme-Verlag, Stuttgart). Activated esters are
advantageously formed in situ, for example through
addition of HOBt or N-hydroxysuccinimide. The formula
(I) also encompasses the optically active forms
(stereoisomers), the enantiomers, the racemates, the
diastereomers and the hydrates and solvates of these
compounds. The term "solvates of the compounds" is
taken to mean adductions of inert solvent molecules
onto the compounds which form owing to their mutual
attractive force. Solvates are, for example, rmonoor
dihydrates or alcoholates. The term "pharmaceutically
usable derivatives" is taken to mean, for example, the
salts of the compounds of the formula (I) and
so-called prodrug compounds. The term "prodrug
derivatives" is taken to mean compounds of the formula
(I) which have been modified with, for example, alkyl
or acyl groups, sugars or oligopeptides and which are
rapidly cleaved in the organism to form the active
compounds. These also include biodegradable polymer
derivatives of the compounds according to the
invention, as described, for example, in Int. J.
Pharm. 115 , 61-67 (1995).The Formula (I) also
encompasses compounds wherein Ra is OA wherein A is as
above described. The formula (I) also encompasses
compounds wherein Rc is H, The Formula (I) also
encompasses compounds wherein Het denotes a saturated,
unsaturated or aromatic heterocyclic ring having 1 to
4 N atoms. The formula (I) also encompasses mixtures
of the compounds of the formula (I), for example
mixtures of two diastereomers, for example in the
ratio 1: 1 , 1:2, 1:3, 1:4, 1:5, 1:10, 1:100 or
1:1000. These are particularly preferably mixtures of
stereoisomeric compounds. In a preferred embodiment,
the invention provides compounds of Formula ( I )
Wherein Ra, R , are as above defined R1 is H or F Rc
is CF3 or Me In another preferred embodiment, the
invention provides compounds of Formula (I") Wherein
Rb, Rc and R1 are as defined under Formula (I) and
wherein Rx denotes Hal, A, CH2OA, CH2N(Rs)2, OR3,
N(R3)2, NO2, N(SO2)Me)2, CN, COOR3, CF3, OCF3,
CON(R3)2,NR3COA, NR3CON(R3)2, NR3SO2A, COR3,
SO2N(R3)2, SOA or SO2A, phenyl, pyridyl, -[C(R3)2]n-
COOR3 or -O[C(R3)2]n-CON(R3)2. Preferrably Rx is in
such position that it limits the rotation of the ring
Z with respect to the ring bearing Rb, by the meaning
of steric hindrance or electrostatic interactions with
Rb. Rx is preferrably an alkyl or an alkoxy chain
containing 1 to 5 carbon atoms. Rx is most preferrably
attached to the atom adjacent to the atom which links
the ring Z to the rest of the molecule. Rx is most
preferrably -CH 3, -C2H5, F, Cl, -OCH3, -CH2OCH3 and
Rb is simultaneously -CH 3, -C2H5, F Cl, -OCH3,
-OC2H5, -CH2OCH3 -CH2OH, -CH2N(CH3) , CF3. Preference
is given to the compounds of the present invention
selected from the following group 11 to I79:Method for
picking up semiconductor chips from a wafer table and
method for mounting semiconductor chips on a substrate
FIELD OF THE INVENTION [0001] The invention relates to
a method of the kind mentioned in the preamble of
claim 1 for picking up semiconductor chips provided on
a wafer table. The invention further relates to a
method for mounting the removed semiconductor chips on
a substrate. BACKGROUND OF THE INVENTION [0002]
Mounting machines for the mounting of semiconductor
chips are known in the field as die bonders. The
mounting machine is used to mount the numerous uniform
chips of a wafer which are situated adjacent to one
another on a chip carrier one after the other on a
substrate, e.g. a metallic lead frame. The die bonder
comprises a wafer table on which the chip carrier is
situated, a transport system for supplying the
substrate and a pick-and-place system in order to
remove the semiconductor chips from the chip carrier
and place them on the substrate. The pick-and-place
system comprises a bonding head with a chip gripper
which is moved back and forth by a drive system. The
chip gripper is rotatable about a vertical axis, so
that the rotational position of the semiconductor
chips can be changed if necessary. The chip gripper
comprises an exchangeable gripping member, which is a
suction member to which vacuum 



may be applied, which is known in the field as a
"pick-up tool" or "die collet". [0003] Extremely high
demands are placed on mounting machines of this kind.
They need to be placed in a precise position on the
substrate for further processing of the mounted chips.
Two cameras are provided on the die bonder to ensure
that the semiconductor chips can be placed on the
substrate with a precision that lies in the micrometer
range. The first camera measures the position of the
semiconductor chip to be picked up by the chip gripper
and supplies the positional data which relate to a
first system of coordinates. The second camera
measures the position of the substrate place on which
the semiconductor chip needs to be placed and supplies
positional data that relate to a second system of
coordinates. The pick-and-place system controls the
bonding head on the basis of the information supplied
by the cameras in such a way that the chip gripper can
remove the semiconductor chip from the wafer table and
can place the same in a precise positional way at the
correct location on the substrate place. The position
of the pick-and-place system relates to a third system
of coordinates which is independent of the system of
coordinates of the camera. [0004] During operation of
the die bonder, the problem arises that the relative
position of the three systems of coordinates may
change due to different conditions. The temperature at
different locations of the die bonder often changes,
intentionally or unintentionally. This mostly leads to
the consequence that the conversion of target
coordinates which were determined in the system of
coordinates of the first camera or in the system of
coordinates of the second camera into motional
coordinates for the pick-andplace system is no longer
as exact as required. SUMMARY OF THE INVENTION [0005]
The invention is based on the object of providing a
method for picking up and mounting semiconductor chips
which ensures high precision in placement,
irrespective of external circumstances and changes.
This object is achieved in accordance with the
invention by the features of claim 1. [0006] The
invention relates to a method for picking up and,
optionally, mounting semiconductor chips on a
substrate, in which - the semiconductor chips are
provided on a wafer table; - one substrate after the
other is provided on a substrate table; - a first
camera detects the position and orientation of the
semiconductor chip which is provided on the wafer
table and is to be mounted as the next one; - a second
camera detects the position and orientation of the
substrate place on which the semiconductor chip will
be mounted, and - a chip gripper picks up the
semiconductor chip provided on the wafer table and
mounts the same on the substrate, with the chip
gripper being held on a bonding head and a
pick-and-place system with preferably two linear
drives conveys the bonding head with the chip gripper
back and forth between the wafer table and the
substrate. [0007] In accordance with the invention,
the position of the semiconductor chip to be mounted
next as detected by the first camera is provided in
the form of positional data relating to a first system
of coordinates KSi, th position of the substrate place
on which the semiconductor chip is to be mounted is
provided in the form of positional data relating to a
second system of coordinates KS2, and the position of
the bonding head is related to a third system of
coordinates KS3. [0008] The invention proposes
providing a marking on the bonding head whose position
can be measured by the cameras. Since the marking
cannot be arranged in the focal plane of the cameras
for constructional reasons, the invention further
proposes in a preferred embodiment to attach a lens
above the marking, which lens ensures that the marking
is also imaged in a sharply defined manner. [0009] The
invention further proposes to use a first fixed
mapping function F and a first changeable correction
vector Ki for converting coordinates of the first
system of coordinates KSi to the third system of
coordinates KS3 of the pick-and-place system, and a
second fixed mapping function G and a second
changeable correction vector K2 for the conversion of
coordinates of the second system of coordinates KS2 to
the third system of coordinates KS3 of the
pick-and-place system. When the die bonder is set up
for the first time or also in the case of a general
new setting of the die bonder, the mapping functions F
and G and their inverse functions are determined on
the one hand and the two correction vectors Ki and K2
are set to zero. Whereas the mapping functions F and G
are not changed until the next general newsetting of
the die bonder, the correction vectors Ki and K2 are
readjusted upon the occurrence of a predetermined
event. A predetermined event shall be understood as
being an event in which it can be expected with a high
amount of probability that the relative position of
the three systems of coordinates KSi, KS2 and KS3 is
changed with respect to each other to an extent that
reduces placement precision. BRIEF DESCRIPTION OF THE
DRAWING FIGURES [0010] The accompanying drawings,
which are incorporated into and constitute a part of
this specification, illustrate one or more embodiments
of the present invention and, together with the
detailed description, serve to explain the principles
and implementations of the invention. The figures are
not shown true to scale. Fig. 1 shows a top view of a
mounting machine for the mounting of semiconductor
chips; Fig. 2 shows a side view of a camera, a bonding
head and a wafer table, and Fig. 3 shows a top view of
the bonding head and three different systems of
coordinates. DETAILED DESCRIPTION OF THE INVENTION
[0011] Fig. 1 schematically shows a top view of a
mounting machine for mounting semiconductor chips,
which is a so-called die bonder, insofar as necessary
for the understanding of the invention. Fig. 2 shows
parts of the mounting machine in a lateral view. The
die bonder comprises a wafer table 1 on which the
semiconductor chips 2 to be mounted are provided, a
substrate table 3 on which the substrate 4 to be
mounted is provided by a transport apparatus (not
shown), and a pick-and-place system 5 which picks up
the semiconductor chips 2 from the wafer table 1 and
places the same on the substrate 4, and two cameras 6
and 7. The pick-and-place system 5 comprises a bonding
head 8 with an exchangeable chip gripper 9 (Fig. 2)
and two linear, position-controlled drives for moving
the bonding head 8 in two orthogonal directions which
are designated as the x-direction and y-direction. A
third drive (not shown) is used for lifting and
lowering the bonding head 8 or the chip gripper 9 in
the z-direction which extends perpendicular to the
drawing plane. The first camera 6 is used for
determining the position of the next semiconductor
chip 2 to be removed. The second camera 7 is used to
determine the position of the substrate place on the
substrate 4 on which the semiconductor chip 2 will be
placed. The first camera 6 is usually arranged in a
stationary manner. The second camera 7 is also
arranged in a stationary manner or can be moved with
separate drives in at least one or in two directions
extending parallel to the surface of substrate 4. Such
pick-and-place systems 5 are known for example from EP
923111, EP 1480507, DE 102004026534 and EP 1612843.
[0012] A marking 10 (Fig. 2) is attached laterally to
the bonding head 8 in such a way that it is visible in
the image supplied by the first camera 6 when the
bonding head 8 is situated in the visual field of the
first camera 6, and is visible in the image supplied
by the second camera 7 when the bonding head 8
issituated in the visual field of the second camera 7.
[0013] Fig. 2 shows a side view of the first camera 6,
the bonding head 8 and the wafer table 1. Its visual
field which is delimited in the drawing by lines 6a
faces the wafer table 1, so that in the image as
supplied by the same the next semiconductor chip 2 to
be removed is imaged in a sharply defined manner. The
focal plane of the first camera 6 lies in the plane
defined by the semiconductor chip 2 to be removed. The
focal plane of the second camera 7 (Fig. 1) lies in
the plane defined by the surface of the substrate 4 to
be mounted. It is not possible to attach the marking
10 on the bonding head 8 in such a way that it is
imaged in a sharply defined manner by both cameras 6
and 7 without adjusting the focal plane. In order to
still ensure that the marking 10 is imaged in a
sharply defined manner, a lens 10 is advantageously
attached to the bonding head 8 above the marking 10.
The lens 11 is located between the marking 10 and the
respective camera 6 and 7 and ensures that the marking
10 is imaged in sufficiently sharply defined manner in
the image of the respective camera 6 and 7. In order
to ensure that the marking 10 is imaged in a sharply
defined manner, it could also be foreseen to adjust
the focal planes of the cameras instead of providing
the lens 11. The solution with the lens 11 is simpler,
faster and more costeffective, because as a result of
the lens 11 a smaller adjustment range of the lens
system of the cameras 6 and 7 is required. [0014] The
first camera 6 supplies its image data to a first
image processing unit which determines the position
and orientation of the semiconductor chip 2 to be
mounted next from the image data and provides them in
the form of positional data relating to a first system
of coordinates KSi. These positional data consist of
three numbers (p, q, f), with the two numbers p and q
designating the position of a reference point of the
semiconductor chip 2 and the number f determining the
angle about which the semiconductor chip 2 is rotated
against its setpoint position. [0015] The second
camera 7 supplies its image data to a second image
processing unit which determines the position and
orientation of the substrate place from the image data
on which the semiconductor chip 2 will be mounted, and
provides them in the form of positional data relating
to a second system of coordinates KS2. These
positional data consist of three numbers (u, v, y),
with the numbers u and v designating the position of a
reference point of the substrate place and the number
y the angle about which the substrate place is rotated
against its setpoint position. [0016] The first linear
drive of the pick-and-place systems supplies a number
xM and the second linear drive of the pick-and-place
systems supplies a number yM, which together form the
positional data which represent the position (xM, yM)
of the marking 10 with respect to the third system of
coordinates KS3. [0017] The chip gripper 9 is
rotatable about a rotational axis 12 (Fig. 2). The
suction opening of chipgripper 9 defines the position
of the gripper axis 13 (Fig. 2) of chip gripper 9. The
position (xG, XG) of the gripper axis 13 in the third
system of coordinates KS3 is given by D + E with
vector D describing the position of rotational axis 12
relative to the position (xM, M) of the marking 10 and
vector E the position of the gripper axis 13 relative
to the position of the rotational axis 12. Vector D is
a fixed vector which is to be determined once. Vector
E is a vector which co-rotates with the chip gripper 9
: Its length has a fixed amount, but its direction
changes when the chip gripper 9 is rotated about the
rotational axis 12. In the ideal case, the rotational
axis 12 and the gripper axis 13 always coincide, i.e.
E = O, irrespective of the rotational position of the
chip gripper 9. [0018] Fig. 3 illustrates the
correlation between the three system of coordinates
KSi, K 2 and KS3. In order to ensure that the
semiconductor chips 2 can be placed on the substrate 4
in a correctly positioned manner, it must be possible
to calculate the current position of the gripper axis
13 of the chip gripper 9 both in the first system of
coordinates KSi and in the second system of
coordinates KS2. A first mapping function F is
therefore determined in the first-time setup or
general new setting of the mounting machine, which
function F maps the first system of coordinates KSi to
the third system of coordinates KS3. This occurs with
the help of the marking 10: The two linear drives of
the pick-and-place systems 5 move the bonding head 8
with the marking 10 to a number k of different
positions (xn, yn) with n = 1 to k within the visual
field of the first camera 6, and the first image
processing unit determines from the image supplied by
the first camera 6 the pertinent position (pn, qn) of
marking 10. The first mapping function F is calculated
from the obtained data records. The following then
applies: 



(x, y) = F (p, q) The inverse function F 1 of the
mapping function F is then calculated, so that (p, q)
= F 1 (x, y) Furthermore, a first correction vector Ki
is set to the value Ki = 0. [0019] In analogy to this,
a second mapping function G that maps the second
system of coordinates KS2 to the third system of
coordinates KS3 and its inverse function G 1 are
determined. The following then applies: (x, y) = G (u,
v) and vice-versa (u, v) = G 1 (x, y) Furthermore, a
second correction vector K2 is set to the value K2= 0.
[0020] The first camera 6 and the first system of
coordinates KSi are used in order to determine the
target coordinates relating to the first system of
coordinates KSi to which the pick-and-place system 5
must move the bonding head 8 so that the chip gripper
9 can take up the semiconductor chip 2 provided on the
wafer table 1. The second camera 7 and the second
system of coordinates KS2 are used in order
todetermine the target coordinates relating to the
second system of coordinates KS2 to which the
pick-andplace system 5 must move the bonding head 8 so
that the chip gripper 9 can place the semiconductor
chip 2 in a correctly positioned manner. All
calculations are performed in these two systems of
coordinates KSi and KS2. Only after the completion of
all calculations will the determined target
coordinates be converted into the coordinates of
motion of the third system of coordinates KS3 by means
of the respective mapping function F and G. Vectors D
and E are therefore determined both as vectors Di and
Ei relating to the first system of coordinates KSi and
as vectors D2 and E2relating to the second system of
coordinates KS2. The third system of coordinates KS3
is therefore only used to move the bonding head 8
without making any calculations in this system of
coordinates KS3. The third system of coordinates KS3
is given by the mechanics of the pick-and-place system
5, i.e. the coordinates x and y are the positional
values supplied by the encoders of the two linear
drives and is therefore not an exact orthogonal system
of coordinates. [0021] Once the mapping functions F
and G, their inverse functions F 1 and G 1 and the
vectors Di, Ei, D2 and E2 have been determined, one
semiconductor chip 2 after the other can be mounted in
the production phase in that - an image is taken of
the next semiconductor chip 2 by first camera 6 and
the positional data (pw , qw , fw) relating to first
system of coordinates KSi of the semiconductor chip 2
are calculated from the image, whereby fw = 0 when the
semiconductor chip 2 is not rotated against its
setpoint position; - the position (xw , yw) relating
to the third system of coordinates KS3 which needs to
be taken by the marking 10 so that the gripper axis 13
of the chip gripper 9 passes through the reference
point of the semiconductor chip 2 is calculated as (xw
, yw) = F [(pw, qw) - Di - Ei + K - the calculated
position (xw , yw) i approached and the semiconductor
chip 2 is taken up by the chip gripper 9; - an image
of the substrate place is taken by the second camera 7
on which the semiconductor chip 2 will be mounted, and
the positional data (us , vs , ys) of the substrate
place relating to the second system of coordinates KS2
are calculated from the image, whereby ys = 0 when the
substrate place is not rotated against its setpoint
position; - the position (xs , ys) relating to the
third system of coordinates KS3 which needs to be
taken by the marking 10 so that the gripping axis 13
of the chip gripper 9 passes through the reference
point of the substrate place is calculated as (xs, ys)
= G [(U , Vs) - D2 - E2 + K2] - the calculated
position (xs , ys) is approached, the chip gripper 9
is optionally rotated about the angle ys - ys, and the
semiconductor chip 2 is placed on the substrate place.
[0022] In order to keep the placement precision of the
die bonder at the same high level during theentire
production, a readjustment of the first correction
vector Ki and the second correction vector K2 is
performed during the occurrence of a predetermined
event. The marking 10 provided on the bonding head 8
is used, which marking is brought into the visual
field of the first camera 6 for readjusting the first
correction vector Ki and into the visual field of the
second camera 7 for readjusting the second correction
vector K2. The readjustment of the first correction
vector Ki occurs by: - Moving the bonding head 8 to a
setpoint position R = (xR, yR) in which the marking 10
is located in the visual field of the first camera 6,
with the coordinates (xR, yR) relating to the third
system of coordinates KS3; - calculating the setpoint
position (pR, qR) of the marking 10 with respect to
the first system of coordinates KSi s (pR, qR) = F 1
(xR, yR) ; - taking an image of the marking 10 with
the first camera 6, using the image of the first
camera 6 for determining the actual position (pM, qM)
of the marking 10 with respect to the first system of
coordinates KSi, and - calculating the first
correction vector Ki as difference between the
approached setpoint position and the measured actual
position: It is clear that the first correction vector
Ki relates to the first system of coordinates KSi.
[0023] The readjustment of the second correction
vector K2 occurs analogously by - moving the bonding
head 8 to a setpoint position T = (xt , yt) in which
the marking 10 is located in the visual field of the
second camera 7, with the coordinates (xt , yt )
relating to the third system of coordinates KS3; -
calculating the setpoint position (ut , vt ) of the
marking 10 with respect to the second system of
coordinates KS2 into (ut , vt ) = G 1 (xt , yt ) ; -
taking an image of the marking 10 with the second
camera 7, using the image of the camera 7 for
determining the actual position (uM, vM) of the
marking 10 with respect to the second system of
coordinates KS2, and - calculating the second
correction vector K2 as difference between the
approached setpoint position and the measured actual
position: K 2 = (UT, VT) - (uM , VM), It is clear that
the second correction vector K2 relates to the second
system of coordinates KS2. [0024] There are different
events that can trigger a readjustment of the
correction vectors Ki and K2, especially the following
four events: - since the last calibration a
predetermined number of semiconductor chips 2 have
been mounted; - since the last calibration a
temperature measured at a predetermined location of
the pick-and-place systems 5 has changed by more than
a predetermined value;- production was stopped; - the
actual position of the mounted semiconductor chip
which was detected and calculated by the second camera
7 after mounting deviates from the setpoint position
by more than a predetermined amount. [0025] After the
completion of the readjustment of the correction
vectors Ki and K2, the mounting of the semiconductor
chips 2 can be continued according to the steps as
described above, but the updated correction vectors Ki
and K2 can now differ from zero. [0026] The invention
can be applied in the known pick-and-place systems in
which the wafer table 1 and the platform 3 for the
substrates 4 are arranged in parallel planes, as well
as in the pick-and-place system as described in EP
1480507 in which the wafer table 1 and the platform 3
for the substrates are arranged in an oblique manner
relative to each other and in which the bonding head 8
performs a pivoting movement about a horizontal axis
in addition to the movement in the x-direction and
ydirection. [0027] The embodiment as described above
is a preferred embodiment, in which the bonding head
is moved for adjustment and readjustment to the first
setpoint position R and to the second setpoint
position T, respectively, and the coordinates of the
first setpoint position R and the second setpoint
position T relating to the third system of coordinates
KS3 are stored and are used for readjusting the two
correction vectors Ki and K2. In this example, the
respective setpoint position of the marking 10 is
calculated by means of the inverse function F 1 and G
1 , respectively. A further embodiment is explained
below in which the coordinates of the marking 10 (or
any other random reference point on the bonding head
8) relating to the first system of coordinates KSi or
the coordinates of the marking 10 (or any other random
reference point on the bonding head 8) relating to the
second system of coordinates KS2 are stored
additionally when the bonding head 8 is located in the
first or second setpoint position, and are then used
for readjustment of the two corrections vectors Ki and
K2. [0028] The pick-and-place system comprises as a
part the pick system for picking up the semiconductor
chips from the wafer table. The third system of
coordinates KS3 is a coordinate system immanent to the
pick system or the pick-and-place system and will
therefore be referred to below as system of
coordinates KS. To ensure that the readjustment can be
performed, an adjustment is performed at first in a
setup phase in which the bonding head 8 is moved to a
first setpoint position which is located in the visual
field of first camera 6 and the coordinates (xSpi,
yspi) of the first setpoint position relating to the
system of coordinates KS and the coordinates (pSpi,
qspi) of the first setpoint position relating to the
system of coordinates KSi of the first camera 6 are
determined and stored. The readjustment occurs in the
production phase in such a way that the bonding head 8
is moved to the coordinates (xSpi, yspi) of the first
setpoint position and the coordinates (pspi', qspi')
of the setpoint position relating to the system
ofcoordinates KSi of the first camera 6 are determined
again. The difference vector (pspi', qspi') - (PSPI ,
qSpi) contains the information about the displacement
of the first system of coordinates KSi with respect to
the system of coordinates KS which has occurred since
the setup in the setup phase. Any random reference
point on the bonding head 8 can be used for defining
the first setpoint position of the bonding head 8 with
respect to the first system of coordinates KSi. The
above mentioned marking 10 is preferably used for the
definition of the reference point. [0029] In an
analogous manner, displacements of the second system
of coordinates KS2 of the second camera 7 are detected
and corrected with respect to the system of
coordinates KS of the bonding head 8, such that in the
setup phase a further adjustment is performed in which
the bonding head 8 is moved to a second setpoint
position which is located in the visual field of the
second camera 7 and the coordinates (xSP2, ysP2) of
the second setpoint position relating to the system of
coordinates KS and the coordinates (uSP2, vSP2) of the
second setpoint position relating to the system of
coordinates KS2 of the second camera 7 are determined
and stored. The readjustment in the production phase
occurs in such a way that the bonding head 8 is moved
to the coordinates (xSp2, ysP2) of the second setpoint
position and the coordinates (uSP2 ' , VSP2' ) of the
second setpoint position which relate to the system of
coordinates KS2 of the second camera 7 are determined
again. The difference vector (uSP2' , vSp2') - (uSP2,
vSp2) contains the information about the displacement
of the second system of coordinates KS2 with respect
to the system of coordinates KS which has occurred
since the setup in the setup phase. In this case too,
any random reference point on the bonding head 8 can
be used for the definition of the second setpoint
position of the bonding head 8 with respect to the
second system of coordinates KS2. The marking 10 as
mentioned above is preferably used for the definition
of the reference point. 



[0030] The determination of the coordinates of the
reference points relating to the first system of
coordinates KSi and the second system of coordinates
KS2 comprises the taking of an image with the
respective camera 6 and 7 and the determination of the
coordinates of the reference point by means of
conventional image evaluation. [0031] The mounting of
the semiconductor chips then preferably occurs in such
a way that - the position of the semiconductor chip 2
to be mounted next, as detected by the first camera 6,
is provided in the form of positional data relating to
the first system of coordinates KSi ; - the position
of the substrate place on which semiconductor chip 2
is to be mounted, as detected by the second camera 7,
is provided in the form of positional data relating to
the second system of coordinates KS2; - in the setup
phase, a first mapping function which maps the first
system of coordinates KSi to the system of coordinates
KS and its inverse function are determined, a first
correction vector is set to the value zero, a second
mapping function which maps the second system of
coordinates KS2 to the coordinate system KS and its
inverse function are determined, and a second
correction vector is set tothe value zero; - one
semiconductor chip 2 after another is mounted in the
production phase, such that - an image of the
semiconductor chip 2 that will be mounted next is
taken with the camera 6 and the position of the
semiconductor chip 2 with respect to the first system
of coordinates KSi is determined, and the position, to
which the pick-and-place system 5 needs to move the
bonding head 8 in order to pick up the semiconductor
chip 2, in relation to the system of coordinates KS is
calculated therefrom by means of the first mapping
function and by taking into account the first
correction vector; - an image of the substrate place
on which the semiconductor chip 2 will be mounted is
taken with the second camera 7, and the position of
the substrate place with respect to the second system
of coordinates KS2is determined, and the position, to
which position the pick-and-place system 5 needs to
move the bonding head 8 in order to mount the
semiconductor chip 2 on the substrate place, in
relation to the system of coordinates KS is calculated
therefrom by means of the second mapping function and
by taking into account the second correction vector;
and that the readjustment in the production phase
comprises a readjustment of the first correction
vector and the second correction vector with the
following steps: - moving the bonding head 8 to the
first setpoint position; - taking an image of the
marking 10 with the first camera 6, and determining
the actual position of the marking 10 with respect to
the first system of coordinates KSi from the image of
the first camera 6, and - calculating the first
correction vector Ki as difference between the stored
setpoint position and the determined actual position;
- moving the bonding head 8 to the second setpoint
position; - taking the image of the marking 10 with
the second camera 7, and determining the actual
position of the marking 10 with respect to the second
system of coordinates KS2from the image of the second
camera 7, and - calculating the second correction
vector K2 as difference between the stored setpoint
position and the determined actual position. [0032]
While embodiments and applications of this invention
have been shown and described, it would be apparent to
those skilled in the art having the benefit of this
disclosure that many more modifications than mentioned
above are possible without departing from the
inventive concepts herein. The invention, therefore,
is not to be restricted except by the appended claims
and their equivalents.CLAIMS: 1. Method for picking up
semiconductor chips (2) provided on a wafer table (1),
in which a first camera (6) detects the position of a
provided semiconductor chip and a chip gripper (9)
held on a bonding head (8) picks up the semiconductor
chip (2), with the bonding head (8) with the chip
gripper (9) being movable by means of a pick system
according to a system of coordinates KS immanent to
the pick system, characterized in that in a setup
phase an adjustment of a first setpoint position of
the bonding head (8) is performed which first setpoint
position is located in the visual field of the first
camera (6), with the bonding head (8) being moved to
the first setpoint position during the adjustment and
the coordinates of the first setpoint position
relating to the system of coordinates KS and the
coordinates of the first setpoint position relating to
a system of coordinates KSi of the first camera (6)
being determined and stored, and that in a production
phase a readjustment of the first setpoint position is
performed at the occurrence of a predetermined event.
2. Method according to claim 1, in which a marking
(10) is applied to the bonding head (8), characterized
in that the coordinates of the first setpoint position
relating to the system of coordinates KSi of the first
camera (6) represent the position of the marking. 3.
Method for mounting semiconductor chips on a substrate
which comprises a method according to claim 1 or 2 and
in which a second camera (7) detects the position of a
substrate place on which the semiconductor chip (2)
picked up by the chip gripper (9) is to be mounted,
with the pick system being part of a pick-and-place
system which enables picking up the semiconductor chip
from the wafer table and mounting the semiconductor
chip on the substrate. 4. Method for mounting
semiconductor chips according to claim 3,
characterized in that in the setup phase an adjustment
of a second setpoint position of the bonding head (8)
is performed, which second setpoint position is
located in the visual field of the second camera (7),
with the bonding head (8) being moved to the second
setpoint position during the adjustment, and the
coordinates of the second setpoint position relating
to the system of coordinates KS and the coordinates of
the second setpoint position relating to the system of
coordinates KS2of the second camera (7) are determined
and stored, and that in the production phase a
readjustment of the second setpoint position is
performed at the occurrence of a predetermined event.
5. Method according to claim 4, characterized in that
the coordinates of the second setpoint position
relating to the system of coordinates KS2of the second
camera (7) represent the position of the marking (10).
6. Method according to any of claims 3 to 5,
characterized in that - the position of the
semiconductor chip (2) to be mounted next, as detected
by the first camera (6), isprovided in the form of
positional data relating to the first system of
coordinates KSi ; the position of the substrate place
on which the semiconductor chip (2) is to be mounted,
as detected by the second camera (7), is provided in
the form of positional data relating to the second
system of coordinates KS2; in the setup phase, a first
mapping function which maps the first system of
coordinates KSi to the system of coordinates KS and
its inverse function are determined, a first
correction vector is set to the value zero, a second
mapping function which maps the second system of
coordinates KS2 to the coordinate system KS and its
inverse function are determined, and a second
correction vector is set to the value zero; in the
production phase one semiconductor chip (2) after the
other is mounted, in that an image of the
semiconductor chip (2) that is to be mounted next is
taken with the first camera (6) and the position of
the semiconductor chip (2) with respect to the first
system of coordinates KSi i determined, and the
position, to which the pick-and-place system (5) needs
to move the bonding head (8) in order to pick up the
semiconductor chip (2), in relation to the system of
coordinates KS is calculated therefrom by means of the
first mapping function and by taking into account the
first correction vector; an image of the substrate
place on which the semiconductor chip (2) is to be
mounted is taken with the second camera (7), and the
position of the substrate place with respect to the
second system of coordinates KS2is determined, and the
position, to which the pick-and-place system (5) needs
to move the bonding head (8) in order to mount the
semiconductor chip (2) on the substrate place, in
relation to the system of coordinates KS is calculated
therefrom by means of the second mapping function and
by taking into account the second correction vector;
and that the readjustment in the production phase
comprises a readjustment of the first and second
correction vector with the following steps: moving the
bonding head (8) to the first setpoint position;
taking an image of the marking (10) with the first
camera (6), and determining the actual position of the
marking (10) with respect to the first system of
coordinates KSi from the image of the first camera
(6), and calculating the first correction vector Ki as
difference between the stored or calculated setpoint
position and the determined actual position; moving
the bonding head (8) to the second setpoint position;
taking an image of the marking (10) with the second
camera (7), and determining the actual position of the
marking (10) with respect to the second system of
coordinates KS2from the image of the second camera
(7), and calculating the second correction vector as
difference between the stored or calculated setpoint
position and the determined actual position.7. Method
according to any of claims 1 to 6, characterized in
that the event is at least one of the following
events: - since the last calibration a predetermined
number of semiconductor chips (2) have been mounted; -
since the last calibration a temperature measured at a
predetermined location of the pick-and-place system
(5) has changed by more than a predetermined value; -
production was stopped; - the actual position of the
mounted semiconductor chip which was detected and
calculated by the second camera (7) after mounting
deviates from the setpoint position by more than a
predetermined amount. 8. Method according to any of
claims 2 to 7, characterized in that the marking (10)
applied to the bonding head (8) is imaged with
sufficient sharpness onto the respective camera (6 and
7) by means of a lens (11) attached to the bonding
head (8). 


