
DPP-IV inhibitors The present invention relates to a
novel class of dipeptidyl peptidase inhibitors,
including pharmaceutically acceptable salts and
prodrugs thereof, which are useful as therapeutic
compounds, particularly in the treatment of Type 2
diabetes mellitus, often referred to as non-insulin
dependent diabetes mellitus (NIDDM), and of conditions
that are often associated with this disease, such as
obesity and lipid disorders. Diabetes refers to a
disease process derived from multiple causative
factors and characterized by elevated levels of plasma
glucose or hyperglycemia in the fasting state or after
administration of glucose during an oral glucose
tolerance test. Persistent or uncontrolled
hyperglycemia is associated with increased and
premature morbidity and mortality. Often abnormal
glucose homeostasis is associated both directly and
indirectly with alterations of the lipid, lipoprotein
and apolipoprotein metabolism and other metabolic and
hemodynamic disease. Therefore patients with Type 2
diabetes mellitus are at an increased risk of
macrovascular and microvascular complications,
including coronary heart disease, stroke, peripheral
vascular disease, hypertension, nephropathy,
neuropathy, and retinopathy. Therefore, therapeutic
control of glucose homeostasis, lipid metabolism and
hypertension are critically important in the clinical
management and treatment of diabetes mellitus. There
are two generally recognized forms of diabetes. In
Type 1, or insulin-dependent, diabetes mellitus
(IDDM), patients produce little or no insulin, which
is the hormone regulating glucose utilization. In Type
2, or noninsulin dependent, diabetes mellitus (NIDDM),
patients often have plasma insulin levels that are the
same or elevated compared to nondiabetic subjects.
These patients develop a resistance to the insulin
stimulating effect on glucose and lipid metabolism in
the main insulin-sensitive tissues, namely the muscle,
liver and adipose tissues. Further, the plasma insulin
levels, while elevated, are insufficient to overcome
the pronounced insulin resistance. Insulin resistance
is not primarily due to a diminished number of insulin
receptors but to a post-insulin receptor binding
defect that is not yet understood. This resistance
toinsulin responsiveness results in insufficient
insulin activation of glucose uptake, oxidation and
storage in muscle, and inadequate insulin repression
of lipolysis in adipose tissue and of glucose
production and secretion in the liver. The available
treatments for Type 2 diabetes, which have not changed
substantially in many years, have recognized
limitations. While physical exercise and reductions in
dietary intake of calories will dramatically improve
the diabetic condition, compliance with this treatment
is very poor because of well-entrenched sedentary
lifestyles and excess food consumption, especially of
foods containing high amounts of saturated fat.
Increasing the plasma level of insulin by
administration of sulphonylureas (e.g., tolbutamide
and glipizide) or meglitinide, which stimulate the
pancreatic b-cells to secrete more insulin, and/or by
injection of insulin when sulphonylureas or
meglitinide become ineffective, can result in insulin
concentrations high enough to stimulate the very
insulin-resistant tissues. However, dangerously low
levels of plasma glucose can result from
administration of insulin or insulin secretagogues
(sulphonylureas or meglitinide), and an increased
level of insulin resistance, due to the even higher
plasma insulin levels, can occur. The biguanides
increase insulin sensitivity resulting in some
correction of hyperglycemia. However, the two
biguanides, phenformin and metformin, can induce
lactic acidosis and nausea/diarrhoea. Metformin has
fewer side effects than phenformin and is often
prescribed for the treatment of Type 2 diabetes. The
glitazones (i.e., 5-benzylthiazolidine-2,4-diones) are
a recently described class of compounds with potential
for ameliorating many symptoms of Type 2 diabetes.
These agents substantially increase insulin
sensitivity in muscle, liver and adipose tissue in
several animal models of Type 2 diabetes, resulting in
partial or complete correction of the elevated plasma
levels of glucose without occurrence of hypoglycemia.
The glitazones that are currently marketed are
agonists of the peroxisome proliferator activated
receptor (PPAR), primarily the PPAR-gamma subtype.
PPAR-gamma agonism is generally believed to be
responsible for the improved insulin sensitization
that is observed with the glitazones. Newer PPAR
agonists that are being tested for treatment of Type 2
diabetes are agonists of the alpha, gamma or delta
subtype, or a combination of these, and in many cases
are chemically different from the glitazones 



(Ae., they are not thiazolidinediones). Serious side
effects (e.g., liver toxicity) have occurred with some
of the glitazones, such as troglitazone.Additional
methods of treating the disease aFe still under
investigation. New biochemical approaches that have
been recently introduced or are still under
development include treatment with alpha-glucosidase
inhibitors (e.g., acarbose) and protein tyrosine
phosphatase-IB (PTP-1B) inhibitors. Compounds that are
inhibitors of the dipeptidyl peptidase-IV (DPP-IV)
enzyme are also under investigation as drugs that may
be useful in the treatment of diabetes, and
particularly Type 2 diabetes. See for example
WO-A-97/40832, WO-A-98/19998, WO-A-03/180, WO-A-03/181
and WO-A-2004/007468. The usefulness of DPP-IV
inhibitors in the treatment of Type 2 diabetes is
based on the fact that DPP-IV in vivo readily
inactivates glucagon like peptide-1 (GLP-1) and
gastric inhibitory peptide (GIP). GLP-1 and GIP are
incretins and are produced when food is consumed. The
incretins stimulate production of insulin. Inhibition
of DPP-IV leads to decreased inactivation of the
incretins, and this in turn results in increased
effectiveness of the incretins in stimulating
production of insulin by the pancreas. DPP-IV
inhibition therefore results in an increased level of
serum insulin. Advantageously, since the incretins are
produced by the body only when food is consumed,
DPP-IV inhibition is not expected to increase the
level of insulin at inappropriate times, such as
between meals, which can lead to excessively low blood
sugar (hypoglycemia). Inhibition of DPP-IV is
therefore expected to increase insulin without
increasing the risk of hypoglycemia, which is a
dangerous side effect associated with the use of
insulin secretagogues. DPP-IV inhibitors may also have
other therapeutic utilities, as discussed elsewhere in
this application. DPP-IV inhibitors have not been
studied extensively to date, especially for utilities
other than diabetes. New compounds are needed so that
improved DPP-IV inhibitors can be found for the
treatment of diabetes and potentially other diseases
and conditions. Thus, the object of the present
invention is to provide a new class of DPP-IV
inhibitors which may be effective in the treatment of
Type 2 diabetes and other DPP-IV modulated diseases.
Accordingly, the present invention provides novel
compounds of formula (I):or a pharmaceutically
acceptable salt thereof, wherein a dotted line
indicates an optionally present double bond and
wherein Z is selected from the group consisting of
phenyl; naphthyl; indenyl; C3-7 cycloalkyl; indanyl;
tetralinyl; decalinyl; heterocycle; and heterobicycle,
wherein Z is optionally substituted with one or more
R10, wherein R10 is independently selected from the
group consisting of halogen; CN; OH; NH2; oxo (=0),
where the ring is at least partially saturated; R1 1;
and R12; R11 is selected from the group consisting of
C1-6 alkyl; OCi -6 alky!; and S-Ci -6 alkyl, wherein
R11 is optionally interrupted by oxygen and wherein R1
1 is optionally substituted with one or more halogen
independently selected from the group consisting of F;
and Cl; R12 is selected from the group consisting of
phenyl; heterocycle; and C3-7 cycloalkyl, wherein R12
is optionally substituted with one or more R13 ,
wherein R13 is independently selected from the group
consisting of halogen; CN; OH; NH2; oxo (=0), where
the ring is at least partially saturated; C1-6 alkyi;
O-C1-6 alkyl; and S-C1-6 alkyl; R1, R4 are
independently selected from the group consisting of H;
F; OH; and R14 ; R2, R5, R6, R7 are independently
selected from the group consisting of H; F; and R15 ;
R14 is independently selected from the group
consisting of C1-6 alkyl; 0-C 1-6 alkyl; N(R14a)-Ci -6
alkyl; S-C1-6 alkyl; C3-7 cycloalkyl; 0-C 3-7
cycloalkyl; N(R14a)-C3.7 cycloalkyl; S-C3-7
cycloalkyl; -C1-6 alkyl-C3-7 cycloalkyl; 0-C 1-6
alkyl-C3-7 cycloalkyl; N(R14a)-C1-6 alkyl-C3-7
cycloalkyl; S-C1-6 alkyl-C3-7 cycloalkyl; heterocycle;
O-heterocycle; N(R14a)-heterocycle; S-heterocycle;
C1-6 alkyl-heterocycle; 0-C 1-6 alkyl-heterocycle;
N(R14a)-Ci -6 alkyl-heterocycle; S-C1 6
alkyl-heterocycle;wherein R14 is optionally
substituted with one or more halogen independently
selected from the group consisting of F; and Cl; R14a
is selected from the group consisting of H; and Ci.6
alkyl; Optionally R6 is selected from the group
consisting of -C(R 6aR6b)-O-C 1-6 alkyl;
-C(R6aR6b)-O-C 3-7 cycloalkyl; -C(R 6aR6b)-S-C 1-6
alkyl; -C(R 6aR6b)-S-C 3-7 cycloalkyl; -C(R6aRdb)-N(R
6c)-C1-6 alkyl; and -C(R6aR6b)-N(R 6o)-C3-7
cycloalkyl, wherein each 



C1-6 alkyl and C3-7 cycloalkyl is optionally
substituted with one or more R6d, wherein R6d is
independently selected from the group consisting of
halogen; Ci -6 alkyl; and C3-7 cycloalkyl; R6a, R6b,
R6c are independently selected from the group
consisting of H; and Ci-6 alkyl; R15 is independently
selected from the group consisting of Ci -6 alkyl;
C3-7 cycloalkyl; and -C1-6 alkyl-C 3-7 cycloalkyl,
wherein R15 is optionally substituted with one or more
R15a , wherein R15a is independently selected from the
group consisting of F; Cl; and OH; R3 is selected from
the group consisting of H; and Ci -6 alkyl; optionally
one or more pairs of R1, R2, R3, R4, R5, R6, R6a, R6b,
R7 independently selected from the group consisting of
R1/R2; R2/R3; R3/R4; R4/R5; R5/R6; R67R6b and. R6/R7
form a C3-7 cycloalkyl ring, which is optionally
substituted with one or more of R15b , wherein R15b is
independently selected from the group consisting of F;
Cl; and OH; optionally R6, R7 jointly form an oxo
(=0); n is 0, 1, 2 or 3; X is selected from the group
consisting of -C(R 16R0)-; -C(R a)=CRc- ; -C(R
16Ra)-CR c=, -C(R16Ra)-O-; -C(R 16Ra)-S-; -C(R
16Ra)-S(0)-; -C(R 16Ra)-S(O) 2- ; -C(R 16Ra)-NRc-; and
-C(R1sRa)-CR 17Rc- ;R8 is selected from the group
consisting of H; F; OH; and C1-6 alkyl, optionally
substituted with one or more halogen selected from the
group consisting of F; and Cl; R9, R16 , R17 are
independently selected from the group consisting of H;
F; and C-i-6 alkyl, optionally substituted with one or
more halogen selected from the group consisting of F;
and Cl; Ra, R are independently selected from the
group consisting of H; F; Cl; and CN; Rb, A are
independently selected from the group consisting of H;
F; Cl; CN; and A1, provided that (a) one of Rb, A is
A1; and (b) when A is A1 and n is 1 and R6, R7 jointly
form an oxo (=O), X is other than -C(R16Ra)-O-;
-C(R16Ra)-NRc-; or-C(R 16Ra)-CR17Rc- ; and (c) when A
is A1 and n is 2 and R6, R7 jointly form an oxo (=O),
X is other than -C(R16R0)-; optionally R0 is selected
from the group consisting of -0-Ci -6 alkyl; -0-C 3-7
cycloalkyl; -S-Ci -6 alkyl; -S-C3-7 cycloalkyl;
-N(R18)-Ci-6 alkyl; and -N(R18)-C3-7 cycloalkyl,
wherein each Ci-6 alkyl and C3-7 cycloalkyl is
optionally substituted with one or more R18a, wherein
R18a is independently selected from the group
consisting of halogen; Ci-6 alkyl; and C3-7
cycloalkyl, provided that n is 1; R18 is independently
selected from the group consisting of H; Ci-6 alkyl;
optionally a pair of Ra, Rb, Rc selected from the
group consisting of Ra/Rc; and Rb/Rc forms a ring Z1;
provided that Rb/Rc form a ring other than (a)
pyrimidine when R6, R7 jointly form an oxo (=0) and n
is 1 and X is -C(R 16Ra)-C(R)=; (b) a ring selected
from the group consisting of 1,2-diazole; and
1,2,4-triazole when R6, R7 jointly form an oxo (=0)
and n is 1 and X is -C(R 16Ra)-N(R)-; Z1 is selected
from the group consisting of Z2; and Z3;Z2 is selected
from the group consisting of phenyl; naphthyl; and
indenyl; wherein Z2 is optionally substituted with one
or more R19 ; wherein R19 is independently selected
from the group consisting of halogen; CN; COOR20;
OR20; C(O)N(R 20R203) ; S(O)2N(R20R203) ; Ci -6 alkyl;
0-C 1-6 alkyl; S-C1-6 alkyl; COO-C 1-6 alkyl; OC(O)-C
1-6 alky!; C(O)N(R2 C1-6 alkyl; S(O)2N(R20)-C1-6
alkyl; S(O)N(R20)-C1-6 alkyl; S(O)2-C 6 alkyl;
S(O)-C1-6 alkyl; N(R^)S(O) 2-C1-6 alkyl; and
N(R20)S(O)-Ci -6 alkyl; wherein each C1- alkyl is
optionally substituted with one or more halogen
selected from the group consisting of F; and Cl; Z3 is
selected from the group consisting of C3-7 cycloalkyl;
indanyl; tetralinyl; decalinyl; heterocycle; and
heterobicycle; wherein Z3 is optionally substituted
with one or more R2 1 , wherein R2 1 is independently
selected from the group consisting of halogen; CN;
OR22; oxo (=O), where the ring is at least partially
saturated; N(R22R22a) ; COOR22; C(O)N(R22R223);
S(O)2N(R22R223) ; S(O)N(R 22R223); C1-6 alkyl; Q-C145
alkyl; 



S-C1-6 alkyl; N(R22)-C 1-6 alkyl; COO-C1-6 alkyl;
OC(O)- C1-6 alkyl; C(O)N(R22)- C1-6 alkyl;
N(R22)-C(O)-C 1-6 alkyl; S(O)2N(R22)-C1-6 alkyl;
S(O)N(R 22)-Ci -6 alkyl; S(O)2-C1-6 alkyl; S(O)-C 1-6
alkyl; N(R22JS(O)2-C145 alkyl; and N(R22)S(O)-C 1-6
alkyl; wherein each C1-5 alkyl is optionally
substituted with one or more halogen selected from the
group consisting of F; and Cl; optionally R2 1 is
C(O)R 22, provided that C(O)R22 is bound to a
nitrogen, which is a ring atom of a heterocycle or
heterobicycle; R20, R20a, R22, R22a are independently
selected from the group consisting of H; C1-6 alkyl;
C3-7 cycloalkyl; and -C1-6 alkyl-C3-7 cycloalkyl; A1
is selected from the group consisting of phenyl;
heterocycle; heterobicycle; Oz-7 cycloalkyl, wherein
A1 is substituted with R23 and wherein phenyl is
optionally substituted with one R24 and wherein
heterocycle; heterobicycle; C3-7 cycloalkyl are
optionally substituted with one R25; R24 is selected
from the group consisting of halogen; CN; COOR26;
OC(O)R26; OR26; -C1-6alkyl-OR 26; SR26; C(O)N(R26R27)
; S(O)2N(R26R27) ; S(O)N(R26R27) ; C1-6 alkyl;
N(R26)S(O) 2R27; and N(R26)S(O)R27; wherein each C1-6
alkyl is optionally substituted with one or more
halogen selected from the group consisting of F; and
Cl;R25 is selected from the group consisting of
halogen; CN; OR26; -Ci -6alkyl-OR26SR26; oxo (=0),
where the ring is at least partially saturated;
N(R26R27) ; COOR26; OC(O)R26; C(O)N(R26R27) ;
S(O)2N(R26R27) ; S(O)N(R26R27) ; C1-6 alkyl;
N(R26)C(O)R27; S(O)2R26; S(O)R26; N(R26)S(O) 2R27; and
N(R26)S(O)R27; wherein each C1-6 alkyl is optionally
substituted with one or more halogen selected from the
group consisting of F; and Cl; optionally R25 is C(O)R
26, provided that C(O)R26 is bound to a nitrogen,
which is a ring atom of a heterocycle or
heterobicycle; R26, R27 are independently selected
from the group consisting of H; C1-5 alkyl; C3-7
cycloalkyl; and -C1-6 alkyl-C3-7 cycloalkyl; wherein
each C1-6 alkyl is optionally substituted with one or
more halogen selected from the group consisting of F;
and Cl; R23 is selected from the group consisting of
F; Cl; oxo (=O), where the ring is at least partially
saturated; OR23a; N(R23aR23b) ; C1-6 alkyl, optionally
substituted with one or more R28; and -(C(R29R29a))
-W-(C(R 30R30a))o-T; R28 is selected from the group
consisting of halogen; CN; COOR3 1; OC(O)R3 1 ; OR3 1
; SR3 1; C(O)N(R3 1R32) ; S(O)2N(R3 1R32); S(O)N(R 3
1R32) ; N(R3 1)S(O)2R32; and N(R3 1)S(O)R32; 29 p 29a
p 3Oa are independently selected from the group
consisting of H; F; and R33; optionally one or both
pairs of R29, R29a, R30, R30a independently selected
from the group consisting of R29/R29a; and R30/R30a
form a C3-7 cycloalkyl ring, which is optionally
substituted with one or more of R33b, wherein R33b is
independently selected from the group consisting of F;
Cl; and OH; R23a, R23b, R3 1, R32 are independently
selected from the group consisting of H; C1-6 alkyl;
C3-7 cycloalkyl; and -C1-6 alkyl-C 3-7 cycloalkyl;
wherein each Ci-6 alkyl is optionally substituted with
one or more halogen selected from the group consisting
of F; and Cl;R33 is selected from the group consisting
of Ci-6 alkyl; C3-7 cycloalkyl; and -C1-6 alkyl-C 3-7
cycloalkyl, wherein R33 is optionally substituted with
one or more R33a , wherein R33a is independently
selected from the group consisting of F; Cl; and OH;
m, o are independently selected from the group
consisting of 0; 1; 2 ; and 3; W is selected from the
group consisting of a covalent bond; -O-; -S-; -S(O
2)-; -S(O)-; -N(R 34)-; -N(R 34)C(O)-; -C(O)N(R 34)-;
-OC(O)-; -C(O)O-; -S(O 2)N(R 34)-; -N(R 34)S(O) 2- ;
S(O)N(R 34)-; and -N(R 34)S(O)-; R34 is selected from
the group consisting of H; Ci -6 alkyl; C3-7
cycloalkyl; and -Ci-e alkyl-C 3-7 cycloalkyl; wherein
each Ci -6 alkyl is optionally substituted with one or
more halogen selected from the group consisting of F;
and Cl; T is selected from the group consisting of H;
T1; and T2; T1 is selected from the group consisting
of phenyl; naphthyl; and indenyl; wherein T1 is
optionally substituted with one or more R35; wherein
R35 is independently selected from the group
consisting of halogen; CN; COOR 37; OC(O)R 37; OR37;
-C1-6alkyl-OR 37; SR37; S(O)R 37; S(O) R37; C(O)N(R
37R38) ; S(O) 2N(R37R38) ; 



S(O)N(R 37R38) ; C1-6 alkyl; N(R 37)S(O) 2R38; and N(R
37)S(O)R 38; wherein each Ci -6 alkyl is optionally
substituted with one or more halogen selected from the
group consisting of F; and Cl; T2 is selected from the
group consisting of C3-7 cycloalkyl; indanyl;
tetralinyl; decalinyl; heterocycle; and heterobicycle;
wherein T2 is optionally substituted with one or more
R36, wherein R35 is independently selected from the
group consisting of halogen; CN; OR37; -Ci -6alkyl-OR
37SR37; oxo (=0), where the ring is at least partially
saturated; N(R 37R38) ; COOR 37; OC(O)R 38; C(O)N(R
37R38) ; S(O) 2N(R37R38) ; S(O)N(R 37R38) ; Ci -6
alkyl; N(R37)C(O)R 38; S(O) 2R37; S(O)R 38; N(R37)S(O)
2R38; and N(R37)S(O)R 38; wherein each Ci -6 alkyl is
optionally substituted with one or more halogen
selected from the group consisting of F; and Cl;
optionally R36 is C(O)R 37, provided that C(O)R 37 is
bound to a nitrogen, which is a ring atom of a
heterocycle or heterobicycle;R37, R38 are
independently selected from the group consisting of H;
Ci -6 alkyl; C3-7 cycloalkyl; and -Ct-6 alkyl-C3.7
cycloalkyl; wherein each Ci- alkyl is optionally
substituted with one or more halogen selected from the
group consisting of F; and Cl. Within the meaning of
the present invention the terms are used as follows:
In case a variable or substituent can be selected from
a group of different variants and such variable or
substituent occurs more than once the respective
variants can be the same or different. "Alkyl" means a
straight-chain or branched carbon chain that may
contain double or triple bonds. It is generally
preferred that alkyl doesn't contain double or triple
bonds. "C1-4 Alkyl" means an alkyl chain having 1 - 4
carbon atoms, e.g. at the end of a molecule methyl,
ethyl, -CH=CH2, -CsCH 1 n-propyl, isopropyi,
-CH=CH-CH3 -CH2- CH=CH2, n-butyl, isobutyl,
-CH=CH-CH2-CH3, -CH=CH-CH=CH 2, sec-butyl tert-butyl
or amid, e.g. -CH2- , -CH2-CH2- , -CH=CH-, -CH(CH 3)-,
-C(CH2)-, -CH2-CH2-CH 2- , - CH(C2H5)-, -CH(CHs)2- .
"C1-6 Alkyl" means an alkyl chain having 1 - 6 carbon
atoms, e.g. Ci-4 alkyl, methyl, ethyl, -CH=CH2, -CsCH,
n-propyl, isopropyi, -CH=CH-CH 3, -CH2-CH=CH2,
n-butyl, isobutyl, -CH=CH-CH2-CH3, -CH=CH-CH=CH 2,
sec-butyl tert-butyl, n-pentane, n-hexane, or amid,
e.g. -CH2- , -CH2-CH2- , -CH=CH-, -CH(CH3)-, -C(CH 2)-
-CH2-CH2-CH2-, -CH(C2H5)-, -CH(CH3)2- . Each hydrogen
of a C1-6 alkyl carbon may be replaced by a
substituent. "C3-7 Cycloalkyl" or "C3-7 Cycloalkyl
ring" means a cyclic alkyl chain having 3 - 7 carbon
atoms, e.g. cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclohexenyl, cycloheptyl. Each hydrogen
of a cycloalkyl carbon may be replaced by a
substituent. "Halogen" means fluoro, chloro, bromo or
iodo. It is generally preferred that halogen is fluoro
or chloro. "Heterocycle" means a cyclopentane,
cyclohexane or cycloheptane ring that may contain up
to the maximum number of double bonds (aromatic or
non-aromatic ring which is fully, partially or
un-saturated) wherein at least one carbon atom up to 4
carbon atoms are replaced by a heteroatom selected
from the group consisting ofsulphur (including -S(O)-,
-S(O)2-), oxygen and nitrogen (including =N(0)-) and
wherein the ring is linked to the rest of the molecule
via a carbon or nitrogen atom. Examples for a
heterocycle are furan, thiophene, pyrrole, pyrroline,
imidazole, imidazoline, pyrazole, pyrazoline, oxazole,
oxazoline, isoxazole, isoxazoline, thiazole,
thiazoline, isothiazole, isothiazoline, thiadiazole,
thiadiazoline, tetrahydrofuran, tetrahydrothiophene,
pyrrolidine, imidazolidine, pyrazolidine, oxazolidine,
isoxazolidine, thiazolidine, isothiazolidine,
thiadiazolidine, sulpholane, pyran, dihydropyran,
tetrahydropyran, imidazolidine, pyridine, pyridazine,
pyrazine, pyrimidine, piperazine, piperidine,
morpholine, tetrazole, triazole, triazolidine,
tetrazolidine, azepine or homopiperazine.
"Heterocycle" means also azetidine. "Heterobicycle"
means a heterocycle which is condensed with phenyl or
an additional heterocycle to form a bicyclic ring
system. "Condensed" to form a bicyclic ring means that
two rings are attached to each other by sharing two
ring atoms. Examples for a heterobicycle are indole,
indoline, benzofuran, benzothiophene, benzoxazole,
benzisoxazole, benzothiazole, benzisothiazole,
benzimidazole, benzimidazoline, quinoline,
quinazoline, dihydroquinazoline, dihydroquinoline,
isoquinoline, tetrahydroisoquinoline,
dihydroisoquinoline, benzazepine, purine or pteridine.



A preferred stereochemistry of compounds or a
pharmaceutically acceptable salt thereof according to
the present invention is shown in formula (Ia): or a
pharmaceutically acceptable salt thereof, wherein Z,
R1 9, n, A, X and Rb have the meaning as indicated
above. Preferred compounds of formula (I) or (Ia) are
those compounds in which one or more of the residues
contained therein have the meanings given below, with
all combinations of preferred substituent definitions
being a subject of the present invention. With respect
to all preferred compounds of the formulas (I) or (Ia)
the present invention alsoincludes ail tautomeric and
stereoisomer^ forms and mixtures thereof in all
ratios, and their pharmaceutically acceptable salts.
In preferred embodiments of the present invention, the
Z, R1 9 , n, A, X and Rb of the formula (I) or (Ia)
independently have the following meaning. Hence, one
or more of the substituents Z, R1 9, n , A X and Rb
can have the preferred or more preferred meanings
given below. Preferably, Z is selected from the group
consisting of phenyl; and heterocycle; and is
optionally substituted with up to 3 R10 , which are
the same or different. Preferably, R is selected from
the group consisting of F; Cl; CN; and C1-6 alkyl.
Preferably, R1, R2, R4, R5 are independently selected
from the group consisting of H; F; and C1-6 alkyl,
optionally substituted with one or more F. Preferably,
R3 is H. Preferably, R6 and R7 jointly form an oxo
(=O) or R6 and R7 are independently selected from the
group consisting of H; and Ci 6 alkyl, optionally
substituted with one or more F. Preferably, n is 0 and
X is -CHRa-CHRb- . Preferably, n is 1 and X is -CHR0-
. Preferably, n is 1 and X is -C(Ra)=CR- and Ra/Rc
forms a ring Z1. Preferably, n is 1 and X is
-CH(Ra)-CR= and Ra/Rc forms a phenyl. Preferably, Z1
is phenyl. Preferably, R8, R9 are H. Preferably, A is
A1.Preferably, Ra, Rb, Rc are H. In a further
preferred embodiment, Ra and R are H and Rb is A1.
Preferably, A1 is heterocycle or heterobicycle. More
preferably, A1 is heterocycle. Particularly preferred,
A1 is selected from the group consisting of
1,2,4-oxadiazole; 1,2,4-triazole; 1,2,3-triazole;
1,2-diazole; oxazole, imidazole, and benzimidazole;
wherein A1 is substituted with R23 and optionally
substituted with R25. In a further more preferred
embodiment, A1 is selected from the group consisting
of 1,3-diazole; 1,3,4-oxadiazole; piperidine; and
piperazine, wherein A1 is substituted with R23 and
optionally substituted with R25 . Preferably, R23 is
-(C(R29R29a))m-W-(C(R 30R30a))o-T. Preferably, R25 is
Cl. Preferably, m and o are 0, 1 or 2. More preferred,
m and o are 0. R29, R29a, R30 and R30a are preferably
C1-6 alkyl. Preferably, W is a covalent bond. In a
further preferred embodiment, W is -O- . More
preferably, R23 is selected from the group consisting
of -C(CH 3)3; -C(CHa)2-CH2-O-CH3; -C(CH 3)2F; and T.
Preferably, T is H; or T is phenyl, optionally
substituted with one or two R35, which are the same or
different; or T is selected from the group consisting
of heterocycle; and C3-7 cycloalkyl; wherein T is
optionally substituted with one or two R36, which are
the same or different.More preferred, T is selected
from the group consisting of pyridine; azetidine;
cyclopropyl; and cyclobutyl. Particularly preferred, T
is substituted by halogen or C1-6 alkyl which is
substituted by with one or more fluoro. In a further
more preferred embodiment, T is selected from the
group consisting of morpholine; pyrrolidine;
pyrimidine; pyrazine; and oxetane; optionally
substituted with R35 or R36. Preferably, R35, R3S are
independently selected from the group consisting of F;
Cl; - -S(O)2NH2; -S(O)2-C1 6 alkyl; -NH-S(O)2-C1-6
alkyl; and -N(C1-5 alkyl)-S(O) 2-C1-6 alkyl. 



It is further preferred that R36 is selected from the
group consisting of OH; -C(O)C 1-6 alkyl; C1-6
alkyl-O-C 1-6 alkyl; and C1-6 alkyl optionally
substituted with one or more halogen selected from the
group consisting of F; and Cl. Compounds of the
formula (I) or (Ia) in which some or all of the
above-mentioned groups have the preferred or more
preferred meanings are also an object of the present
invention. Preferred embodiments of the compounds
according to present invention are:8 1017 18 20 2 1 23
2428 29 30 3 1 7 38 3940 4 1 42 43 44 45 46 47 48 49
505 1 53 54 56 55 Furthermore, the present invention
provides prodrug compounds of the compounds of the
invention as described above. "Prodrug compound" means
a derivative that is converted into a compound
according to the present invention by a reaction with
an enzyme, gastric acid or the like under a
physiological condition in the living body, e.g. by
oxidation, reduction, hydrolysis or the like, each of
which is carried out enzymatically. EXxamples of the
prodrug are compounds, wherein the amino group in a
compound of the present invention is acylated,
alkylated or phosphorylated to form, e.g.,
eicosanoylamino, alanylamino, pivaloyloxymethylamino
or wherein the hydroxyl group is acylated,
alkylated,phosphorylated or converted into the borate,
e.g. acetyloxy, palmitoyloxy, pivaloyloxy,
succinyloxy, fumaryloxy, alanyloxy or wherein the
carboxyl group is esterified or amidated. These
compounds can be produced from compounds of the
present invention according to well-known methods.
Metabolites of compounds of formula (I) or (Ia) are
also within the scope of the present invention. Where
tautomerism, like e.g. keto-enol tautomerism, of
compounds of general formula (I) or (Ia) or their
prodrugs may occur, the individual forms, like e.g.
the keto and enol form, are claimed separately and
together as mixtures in any ratio. Same applies for
stereoisomers, like e.g. enantiomers, cis/trans
isomers, conformers and the like. If desired, isomers
can be separated by methods well known in the art,
e.g. by liquid chromatography. Same applies for
enantiomers by using e.g. chiral stationary phases.
Additionally, enantiomers may be isolated by
converting them into diastereomers, i.e. coupling with
an enantiomerically pure auxiliary compound,
subsequent separation of the resulting diastereomers
and cleavage of the auxiliary residue. Alternatively,
any enantiomer of a compound of formula (I) or (Ia)
may be obtained from stereoselective synthesis using
optically pure starting materials. In case the
compounds according to formula (I) or (Ia) contain one
or more acidic or basic groups, the invention also
comprises their corresponding pharmaceutically or
toxicologically acceptable salts, in particular their
pharmaceutically utilizable salts. Thus, the compounds
of the formula (I) or (Ia) which contain acidic groups
can be present on these groups and can be used
according to the invention, for example, as alkali
metal salts, alkaline earth metal salts or as ammonium
salts. More precise examples of such salts include
sodium salts, potassium salts, calcium salts,
magnesium salts or salts with ammonia or organic
amines such as, for example, ethylamine, ethanolamine,
triethanolamine or amino acids. Compounds of the
formula (I) or (Ia) which contain one or more basic
groups, i.e. groups which can be protonated, can be
present and can be used according to the invention in
the form of their addition salts with inorganic or
organic acids. Examples for suitable acids include
hydrogen chloride, hydrogen bromide, phosphoric acid,
sulphuric acid, nitric acid, 



methanesulphonic acid, p-toluenesulphonic acid,
naphthalenedisulphonic acids, oxalic acid, acetic
acid, tartaric acid, lactic acid, salicylic acid,
benzoic acid, formic acid,propionic acid, pivalic
acid, diethylacetic acid, malonic acid, succinic acid,
pimelic acid, fumaric acid, maleic acid, malic acid,
sulphaminic acid, phenylpropionic acid, gluconic acid,
ascorbic acid, isonicotinic acid, citric acid, adipic
acid, and other acids known to the person skilled in
the art. If the compounds of the formula (I) or (Ia)
simultaneously contain acidic and basic groups in the
molecule, the invention also includes, in addition to
the salt forms mentioned, inner salts or betaines
(zwitterions). The respective salts according to the
formula (I) or (Ia) can be obtained by customary
methods which are known to the person skilled in the
art like, for example by contacting these with an
organic or inorganic acid or base in a solvent or
dispersant, or by anion exchange or cation exchange
with other salts. The present invention also includes
all salts of the compounds of the formula (I) or (Ia)
which, owing to low physiological compatibility, are
not directly suitable for use in pharmaceuticals but
which can be used, for example, as intermediates for
chemical reactions or for the preparation of
pharmaceutically acceptable salts. The present
invention provides compounds of general formula (I) or
(Ia) or their prodrugs as DPP-IV inhibitors. DPP-IV is
a cell surface protein that has been implicated in a
wide range of biological functions. It has a broad
tissue distribution (intestine, kidney, liver,
pancreas, placenta, thymus, spleen, epithelial cells,
vascular endothelium, lymphoid and myeloid cells,
serum), and distinct tissue and cell-type expression
levels. DPP-IV is identical to the T cell activation
marker CD26, and it can cleave a number of
immunoregulatory, endocrine, and neurological peptides
in vitro. This has suggested a potential role for this
peptidase in a variety of disease processes. DPP-IV
related diseases are described in more detail in
WO-A-03/181 under the paragraph "Utilities" which is
herewith incorporated by reference. Accordingly, the
present invention provides compounds of formula (I) or
(Ia) or their prodrugs or pharmaceutically acceptable
salt thereof for use as a medicament. Furthermore, the
present invention provides the use of compounds of
formula (I) or (Ia) or their prodrugs or a
pharmaceutically acceptable salt thereof for the
manufacture of a medicament for the treatment or
prophylaxis of non-insulin dependent (Type II)
diabetes mellitus; hyperglycemia; obesity; insulin
resistance; lipid disorders; dyslipidemia;
hyperlipidemia; hypertriglyceridemia;
hypercholesterolemia; low HDL;high LDL;
atherosclerosis; growth hormone deficiency; diseases
related to the immune response; HIV infection;
neutropenia; neuronal disorders; tumor metastasis;
benign prostatic hypertrophy; gingivitis;
hypertension; osteoporosis; diseases related to sperm
motility; low glucose tolerance; insulin resistance;
ist sequelae; vascular restenosis; irritable bowel
syndrome; inflammatory bowel disease; including
Crohn's disease and ulcerative colitis; other
inflammatory conditions; pancreatitis; abdominal
obesity; neurodegenerative disease; retinopathy;
nephropathy; neuropathy; Syndrome X; ovarian
hyperandrogenism (polycystic ovarian syndrome; Type n
diabetes; or growth hormone deficiency. Preferred is
non-insulin dependent (Type II) diabetes mellitus and
obesity. The present invention provides pharmaceutical
compositions comprising a compound of formula (I) or
(Ia), or a prodrug compound thereof, or a
pharmaceutically acceptable salt thereof as active
ingredient together with a pharmaceutically acceptable
carrier. "Pharmaceutical composition" means one or
more active ingredients, and one or more inert
ingredients that make up the carrier, as well as any
product which results, directly or indirectly, from
combination, complexation or aggregation of any two or
more of the ingredients, or from dissociation of one
or more of the ingredients, or from other types of
reactions or interactions of one or more of the
ingredients. Accordingly, the pharmaceutical
compositions of the present invention encompass any
composition made by admixing a compound of the present
invention and a pharmaceutically acceptable carrier. A
pharmaceutical composition of the present invention
may additionally comprise one or more other compounds
as active ingredients like one or more additional
compounds of formula (I) or (Ia), or a prodrug
compound or other DPP-IV inhibitors. Other active
ingredients are disclosed in WO-A-03/181 under the
paragraph "Combination Therapy" which is herewith
incorporated by reference. 



Accordingly, other active ingredients may be insulin
sensitizers; PPAR agonists; biguanides; protein
tyrosinephosphatase-IB (PTP-1B) inhibitors; insulin
and insulin mimetics; sulphonylureas and other insulin
secretagogues; a-glucosidase inhibitors; glucagon
receptor antagonists; GLP-1, GLP-1 mimetics, and GLP-1
receptor agonists; GIP, GIP mimetics, and GIP receptor
agonists; PACAP, PACAP mimetics, and PACAP receptor 3
agonists; cholesterol lowering agents; HMG-CoA
reductase inhibitors;sequestrants; nicotinyl alcohol;
nicotinic acid or a salt thereof; PPARa agonists;
PPARoIy dual agonists; inhibitors of cholesterol
absorption; acyl CoA : cholesterol acyltransferase
inhibitors; anti-oxidants; PPARo agonists; antiobesity
compounds; an ileal bile acid transporter inhibitor;
or anti-inflammatory agents or pharmaceutically
acceptable salts of these active compounds. The term
"pharmaceutically acceptable salts" refers to salts
prepared from pharmaceutically acceptable non-toxic
bases or acids, including inorganic bases or acids and
organic bases or acids. The compositions include
compositions suitable for oral, rectal, topical,
parenteral (including subcutaneous, intramuscular, and
intravenous), ocular (ophthalmic), pulmonary (nasal or
buccal inhalation), or nasal administration, although
the most suitable route in any given case will depend
on the nature and severity of the conditions being
treated and on the nature of the active ingredient.
They may be conveniently presented in unit dosage form
and prepared by any of the methods wellknown in the
art of pharmacy. In practical use, the compounds of
formula (I) or (Ia) can be combined as the active
ingredient in intimate admixture with a pharmaceutical
carrier according to conventional pharmaceutical
compounding techniques. The carrier may take a wide
variety of forms depending on the form of preparation
desired for administration, e.g., oral or parenteral
(including intravenous). In preparing the compositions
for oral dosage form, any of the usual pharmaceutical
media may be employed, such as, for example, water,
glycols, oils, alcohols, flavoring agents,
preservatives, coloring agents and the like in the
case of oral liquid preparations, such as, for
example, suspensions, elixirs and solutions; or
carriers such as starches, sugars, microcrystalline
cellulose, diluents, granulating agents, lubricants,
binders, disintegrating agents and the like in the
case of oral solid preparations such as, for example,
powders, hard and soft capsules and tablets, with the
solid oral preparations being preferred over the
liquid preparations. Because of their ease of
administration, tablets and capsules represent the
most advantageous oral dosage unit form in which case
solid pharmaceutical carriers are obviously employed.
If desired, tablets may be coated by standard aqueous
or nonaqueous techniques. Such compositions and
preparations should contain at least0.1 percent of
active compound. The percentage of active compound in
these compositions may, of course, be varied and may
conveniently be between about 2 percent to about 60
percent of the weight of the unit. The amount of
active compound in such therapeutically useful
compositions is such that an effective dosage will be
obtained. The active compounds can also be
administered intranasally as, for example, liquid
drops or spray. The tablets, pills, capsules, and the
like may also contain a binder such as gum tragacanth,
acacia, corn starch or gelatin; excipients such as
dicalcium phosphate; a disintegrating agent such as
corn starch, potato starch, alginic acid; a lubricant
such as magnesium stearate; and a sweetening agent
such as sucrose, lactose or saccharin. When a dosage
unit form is a capsule, it may contain, in addition to
materials of the above type, a liquid carrier such as
a fatty oil. Various other materials may be present as
coatings or to modify the physical form of the dosage
unit. For instance, tablets may be coated with
shellac, sugar or both. A syrup or elixir may contain,
in addition to the active ingredient, sucrose as a
sweetening agent, methyl and propylparabens as
preservatives, a dye and a flavoring such as cherry or
orange flavour. Compounds of formula (I) or (Ia) may
also be administered parenterally. Solutions or
suspensions of these active compounds can be prepared
in water suitably mixed with a surfactant such as
hydroxy-propylcellulose. Dispersions can also be
prepared in glycerol, liquid polyethylene glycols and
mixtures thereof in oils. Under ordinary conditions of
storage and use, these preparations contain a
preservative to prevent the 



growth of microorganisms. The pharmaceutical forms
suitable for injectable use include sterile aqueous
solutions or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable
solutions or dispersions. In all cases, the form must
be sterile and must be fluid to the extent that easy
syringability exists. It must be stable under the
conditions of manufacture and storage and must be
preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier
can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (e.g., glycerol,
propylene glycol and liquid polyethylene glycol),
suitable mixtures thereof, and vegetable oils.Any
suitable route of administration may be employed for
providing a mammal, especially a human, with an
effective dose of a compound of the present invention.
For example, oral, rectal, topical, parenteral,
ocular, pulmonary, nasal, and the like may be
employed. Dosage forms include tablets, troches,
dispersions, suspensions, solutions, capsules, creams,
ointments, aerosols, and the like. Preferably
compounds of formula (I) or (Ia) are administered
orally. The effective dosage of active ingredient
employed may vary depending on the particular compound
employed, the mode of administration, the condition
being treated and the severity of the condition being
treated. Such dosage may be ascertained readily by a
person skilled in the art. When treating or preventing
diabetes mellitus and/or hyperglycemia or
hypertriglyceridemia or other diseases for which
compounds of Formula I are indicated, generally
satisfactory results are obtained when the compounds
of the present invention are administered at a daily
dosage of from about 0.1 milligram to about 100
milligram per kilogram of animal body weight,
preferably given as a single daily dose or in divided
doses two to six times a day, or in sustained release
form. For most large mammals, the total daily dosage
is from about 1.0 milligrams to about 1000 milligrams,
preferably from about 1 milligrams to about 50
milligrams. In the case of a 70 kg adult human, the
total daily dose will generally be from about 7
milligrams to about 350 milligrams. This dosage
regimen may be adjusted to provide the optimal
therapeutic response. Some abbreviations that may
appear in this application are as follows.
ABBREVIATIONS Designation Boc (or boc)
ferf-Butoxycarbonyl CDI 1,1'-Carbonyldiimidazole DAST
Diethylaminosulphor trifluoride DCE Dichloroethane DCM
Dichloromethane DDQ 2,3-Dichloro-5,6-dicyano-1
,4-benzoquinone Deoxofluor
Bis-(2-methoxy-ethyl)-aminosu!phor trifluorideDIC
1,3-Di-/so-propylcarbodiimide DIPEA
Di-/so-propyl-ethylamine DMF L/,L/-Dimethylformamide
EDC 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride Et3N Triethylamine h hour(s) HATU
O-(7-Azabenzotriazol-1-yl)-/V,L/,L/',L/-tetramethyluro
nium hexafluorophosphate HBTU O-(Bepzotriazol-1-yl)-
L/,L/ L/',L/'-tetramethyluronium hexafluorophosphate
HOBt 1-Hydroxybenzotriazole HPLC High pressure liquid
chromatography min minute(s) PG (or pg) Protecting
group rt Retention time TFA Trifluoroacetic acid
Available starting materials may be suitably
L/-protected amino acids (II), nitriles (III),
aldehydes (IV) or alcohols (V). (II) (III) (IV) (V) 



They may be purchased from commercially available
sources such as ABCR, Array, Astatech, Sigma-Aldrich,
Fluka or be synthesised by (a) dehydration of the
corresponding amide (Scheme A)Scheme A GO (III) (b)
reduction of the Weinreb amide of the carboxylic acid
with metal hydride reagents e.g. lithium
aluminumhydride (Scheme B). Scheme B (H) (IV) The
functional groups of the L/-protected amino acids may
then be transformed into heteroaromatic ring systems
by the following reaction sequences: Reacting an amino
acid of the general structure (II) with amidoximes and
subsequent dehydration and deprotection can lead to
the formation of 1,2,4-oxadiazole compounds of the
general type (Vl), as shown in Scheme C. According to
F. Eloy, R. Lenaers, Chem. Rev. 1962, 62, 155,
starting amidoximes can be prepared from nitrites by
reaction with hydroxylamine.Scheme C (Vl)
1,2,4-Oxadiazoles with a reversed substitution pattern
can be prepared by using a similar reaction scheme
starting from nitriles of the general type (III) as
described in Scheme D. First, the nitriles are
transformed into the amidoximes by reaction with
hydroxylamine. The amidoximes are then coupled with
carboxylic acids, and the resulting O-acyl amidoximes
can be dehydrated to yield the desired
1,2,4-oxadiazoles of the general structure (VII).
Scheme DPyrrazole containing amines of the general
structure (VIII) may be synthesised according to M.
Falorni, G. Giacomelli A. M. Spanedda, Tetrahedron:
Asymmetry\998, 9, 17, 3039-3046 as shown in Scheme E.
Treating Weinreb amides, derived from amino acids of
the general type (II), with trimethylsilyethyny)
magnesium bromide may lead to the formation of
propyn-3-one derivatives which can subsequently be
treated with hydrazines to yield pyrazoles. Scheme E
(VlIl) Scheme F depicts a general route towards
1,3,4-oxadiazoles of the structure (IX) as described,
e.g. in C. T. Brain, J. M. Paul, Y. Loog, P. J.
Oakley, Tetrahedron Lett 1999, 40, 3275-3278. Amino
acids of the general type (II) may be transformed into
their acid chlorides that upon reaction with
acylhydrazines may yield diacylhydrazines. Subsequent
dehydration and deprotection can result in the
formation of 1,3,4- oxadiazoles of the general type
(IX).A typical synthesis of 1,3,4-triazoles is shown
in Scheme G. Starting from amino acids of the general
type (II) 1,3,4-triazoles can be prepared via amides
that can be transformed into imidoyl chlorides by,
e.g., phosphorousoxychloride. Treating these imidoyl
chlorides with hydrazides under acidic conditions may
lead to the formation of 1,3,4-triazoles that after
final deprotection can result in structures of the
general type (X). Scheme G (X) R = H; C1 6 alkylAs
shown in Scheme H benzimidazoles of the general type
(Xl) may be prepared from aldehydes of the type (IV)
by reaction with diamino compounds, followed by
oxidation and deprotection. Scheme H According to
M.-O. Contour-Galcera, L Poitout, C. Moinet, B.
Morgan, T. Gordon, P. Roubert, and C. Thurieau in
Bioorg. Med. Chem. Lett 2001, 11, 741-745 imidazoles
of type (XII) can be prepared according to Scheme I.
Condensing acid building blocks (II) with bromoacetyl
fragments can yield ketoesters which upon treatment
with ammoniumacetate yield protected imidazoles with
the desired substitution pattern. Subsequent
deprotection should furnish building blocks of the
type (XII) SchemeOxazoles of type (XIII, Scheme J) can
be prepared commencing from commercial amino alcohols
and amino acids of the type (II). After an amide
coupling step, dehydration can be achieved by several
reactants, e.g., Burgess reagent, DAST or Deoxofluor
as reported by A. J. Phillips, Y. Uto, P. Wipf, M. J.
Reno, and D. R Williams 



in Org. Lett. 2000, 2, 8, 1165-1168. To yield the
final oxazole, oxidation can be carried out with DDQ
or nickel peroxide (NiO2) , an oxidant that was
disclosed in this context by D. L . Evans, D. K.
Minster, U. Jordis, S. M. Hecht, A. L Mazzu, Jr., and
A. I. Meyers in J. Org. Chem. 1979, 44, 4, 497-501 ,
and by F.W. Eastwood, P. Perlmutter, Q. Yang in J.
Chem. Soc, Perkin Trans. 1, 1997, 35-42. Finally,
deprotection of the intermediate can yield oxazoles of
the type (XIII). Scheme J (XIII) Starting form
nitriles of the type (III) L/-substituted
1,2,4-triazoles of the type (XIV) can be prepared as
depicted in Scheme K. After addition of sodium
alkoxide to nitrile (III), ring condensation can be
acheived subsequently by reaction with hydrazines and
triethylorthoformate to form the triazole ring, a
method reported by H. J. Wadsworth, S. M. Jenkins, B.
S. Orlek, F. Cassidy, M. S. G. Clark, F. Brown, G. J.
Riley, D. Graves, J. Hawkins, and C. B. Naylor in J.
Med. Chem. 1992, 35, 1280-1290. Finally, deprotection
of the intermediate yields the desired triazole
(XIV).Scheme K /V-substituted 1,2,3-triazoles of the
type (XV) can be prepared according to C. W. Torne, C.
Christiansen, and M. Meidal in J. Org. Chem. 2002, 67,
3057-3064 or V. V. Rostovtsev, L. G. Green, V. V.
Fokin, and K. B. Sharpless in Angew. Chem. 2002, 114,
2708-271 1 by a dipolar cycloaddition reaction as
shown in Scheme L. Commencing from aldehydes of the
type (IV), acetylene intermediates can be prepared
either via the Corey-Fuchs reaction sequence as
examplified by D. S. Garvey, et al. in J. Med. Chem.
1994, 37, 1055-1059 or by implementation of a
Seyferth-Gilbert phosphonate reagent as reported by G.
J. Roth, et al. in Synthesis, 2004, 1, 59-62. Reaction
with azides, freshly prepared by diazotransfer as
disclosed by Q. Liu and Y. Tor in Org. Lett. 2003, 5,
14, 2571-2572, can yield L/-substituted
1,2,3-triazoles. After a final deprotection step the
desired building blocks of the type (XV) can be
obtained.Scheme L Other heterocyclic compounds may be
prepared according to T. Eicher, S. Hauptmann, The
Chemistry of Heterocycles, Ed. Wiley-VCH, Weinheim,
2003, or the literature cited therein. Building blocks
of the type (XVI) can be prepared from commercial
alcohols (V) by a nucleophilic substitution reaction.
Therefore the alcohol function has to be transformed
into a suitable leaving group, e.g., halogene,
mesylate or tosylate, that can be substituted under
basic reaction conditions with a nucleophilic
heterocycle. As such /Vunsubstituted pyrrolidines,
piperidines, piperazines, imidazoles, pyrazoles,
triazoles can be employed in this reaction. Examples
of this reaction can be found in Chem. Pharm. Bull.
1974, 22, 1490, U.S. Patent No. 3,929,765 and WO
99/19297. Final deprotection yields the desired
building block (XVI).(XVI) Enantiomerically pure beta
amino acids having the formula (XVII) may be
commercially available, known in the literature or may
be conveniently synthesized using one of the methods
already published and reviewed in e.g., Cole,
Tetrahedron 1994, 32, 9517, Juaristi et al.,
Aldrichimica Acta 1994, 27, 3, or Juaristi,
Enantioselective Synthesis of b-Amino Acids, Ed.
Wiley-VCH, New York, 1997. In particular,
3-amino-4-(2,4,5-trifluoro-phenyl)-butyric acid may be
synthesized by a variety of methods as reported in the
patent applications WO 2004069162, WO 2004064778, WO
2004037169, WO 2004032836 and in the articles J. Am.
Chem. Soc. 2004, 126, 3048 and J. Am. Chem. Soc. 2004,
126, 9918. Enantiomerically pure beta amino aldehydes
having the formula (XVIII) (XVIII)may be commercially
available or synthesised by one skilled in the art
using as starting material the conveniently
substituted acids e.g. through direct reduction with
di-/sobutylaluminium hydride or through formation of
the Weinreb amide and further reduction with lithium
aluminiumhydride, as depicted in Scheme N. Scheme N
(XVII) (XVIII) Unless otherwise noted, all non-aqueous
reactions were carried out under argon atmosphere with
commercial solvents. Compounds were purified using
flash column chromatography using Merck silica gel 60
(230-400 mesh) or reverse phase 



preparative HPLC using a Reprosil-Pur ODS3, 5 mm, 20 x
125 mm column with Shimadzu LC8A-Pump and SPD-10Avp
UV/Vis diode array detector. The 1H-NMR spectra were
recorded on a Varian VXR-S (300 MHz for 1H-NMR) using
CDCI3 or d6- dimethylsulphoxide as solvent; chemical
shifts are reported in ppm relative to
tetramethylsilane. Analytical LC/MS was performed
using Reprosil-Pur ODS3, 5 mM, 1 x 60 mm columns with
a linear gradient from 5% to 95% acetonitrile in water
(0.1% TFA or formic acid) at a flow rate of 250
ml/min; retention times are given in minutes. Methods
are: (I) runs on a LC10Advp-Pump (Shimadzu) with
SPD-M10Avp UV/Vis diode array detector and QP2010
MS-detector in ESI+ modus with UV-detection at 214,
254 and 275 nm, 5 min. linear gradient; (II) idem but
10 min. linear gradient. Analytical LC/MS was also
performed using a XTerra MS C18, 3.5 mM, 2.1 x 100 mm
columns from Waters in acetonitrile, water (0.1%
formic acid) mixtures with a 15 min linear gradient
(III) from 1% to 30% acetonitrile or (IV) from 10% to
60% acetonitrile at a flow rate of 400 ml/min;
retention times are given in minutes.General
procedures for making compounds of the invention In
general, compounds having the structure (I) wherein
the variables have the above described meanings, may
be prepared by (a) standard peptide coupling
reactions. For example, it may be possible to use 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) in combination with
1-hydroxybenzotriazole (HOBt) and a base
(triethylamine or diisopropylethylamine) or
0-(7-azabenzotriazol-1-yl)-/V,
L/,L/',L/4etramethyluronium hexafluorophosphate (HATU)
in the presence of a base, in solvents such as
methylene chloride or /V,L/-dimethylformamide. Scheme
O outlines a procedure for using the amines formed
according to Schemes C through M to synthesize
compounds that are embodiments of the invention.
Scheme O (XVII) The protective group may be removed
with, for example, diethylamine in dichloromethane in
the case of 9-fluorenylmethoxycarbonyl or using acidic
conditions (such as trifluoroacetic acid in
dichloromethane or hydrochloric acid in dioxane) in
the case of ferf-butoxycarbonyl, as described in
Protective Groups in Organic Synthesis 3rd ed., Ed.
Wiley-VCH, New York; 1999. (b) reduction of suitable
amides (eg. with lithium aluminiumhydride in
tetrahydrofuran) Scheme P outlines a procedure for
using the amides formed according to Scheme O to
synthesize compounds that are embodiments of the
invention.Scheme P (c) reductive amination reducing
the imine formed from a conveniently substituted
aldehyde and an amine (eg. in acidic medium with a
triacetoxyborohydride salt or sodium borohydride in
dichloromethane, methanol or ethanol). Scheme Q
outlines a procedure for reducing the imines obtained
by reacting suitable amines (e.g., prepared according
to Schemes C to M) and aldehydes with formula (XVIII)
or ketones. Scheme Q (XVIII, Rb = H) (d) the
Kulnikovic reaction with an alkylmagnesium halide in
the presence of titanium tetraisopropoxide in aprotic
solvents such as tetrahydrofuran. Scheme R outlines a
procedure for the use of the Kulnikovic reaction with
amides prepared according to Scheme O. Scheme R For
the purification of intermediates or end products,
flash chromatography on silica gel may be suitable for
the free amines whereas the use of preparative HPLC
leads to the isolation of the corresponding
trifluoroacetic acid or formate salts.Compounds may be
prepared by other means however, and the suggested
starting materials and procedures described below are
exemplary only and should not be considered as
limiting the scope of the invention. EXAMPLES The
following examples are provided so that the invention
might be more fully understood. These examples are
illustrative only and should not be construed as
limiting the invention in any way. PREPARATIONS
Example 1 



Step 1 /V-Hvdroxy-benzamidine 10.3 g (0.10 mol, 1.00
eq) of benzonitrile are dissolved in 40 ml_ of
methanol, 20.7 g (0.15 mol, 1.50 eq) of powdered
potassium carbonate is added and 13.9 g (0.20 mol,
2.00 eq) of hydroxylamine hydrochloride dissolved in
120 ml_ of methanol is added subsequently in small
portions. The reaction mixture is refluxed for 5 h
then the solvent is evaporated and the residue is
taken up in a 1:4 mixture of water and chloroform. The
organic layer is separated, washed twice with water,
dried with magnesium sulphate, filtered and evaporated
under reduced pressure. The residue is recrystallized
from ether/hexane to afford the desired product. Mp.:
77 C - 79 0C.Steps 2 and 3
2-(3-Phenyl-ri,2,4]oxadia2ol-5-yl)-(S)-pyrrolidine-1-c
arboxylic acid fe/f-butyl ester To a solution of 5.75
g (42.2 mmol, 1.00 eq) L/-hydroxy-be pzamidine, 10.0 g
(46.5 mmole, 1.10 eq) (S)-pyrrolidine-1,2-dicarboxylic
acid 1-ferf-butyl ester in 60 mL of dichloromethane,
6.44 g (51.0 mmol, 1.20 eq) of
1,3-di-/so-propylcarbodiimide is added and the mixture
is stirred at room temperature. After 12 h the mixture
is evaporated under reduced pressure and the residue
is dissolved in 60 mL of pyridine and refluxed for 10
h. Then the pyridine is evaporated and the residue is
taken up in a 2:1 mixture of dichloromethane and
water. The aqueous phase is extracted with
dichloromethane, and the combined organic layers are
washed with 3 % hydrochloric acid solution, saturated
sodium bicarbonate solution, water and brine, dried
with magnesium sulphate, filtered and evaporated under
reduced pressure. The residue is subjected to column
chromatography (silica gel, eluent: cyc/s-hexane:ethyl
acetate = 60:40) to afford the title compound. Step 4
3-Phenyl-5-(S)-pyrrolidin-2-yl-ri ,2,41oxadiazole
hydrochloride The intermediate from step 3 is
dissolved in 40 mL of ethanol and cooled to 0 C. Then
40 mL of diethyl ether saturated with gaseous
hydrochloric acid is added and thereaction mixture is
allowed to warm to room temperature. After complete
conversion of the starting material, as monitored by
TLC (silica gel, eluent: dichloroethane-ethanol 4:1),
the solvents are evaporated. The residue is taken up
in diethyl ether and the precipitate is filtered off,
washed with diethyl ether and dried under reduced
pressure to yield the title compound. 1H-NMR (300 MHz,
CDCI3) d = 2.65-2.15 (m, 4H, 2xCH2) , 3.64 (m, 2H,
CH2) , 5.2 (m, 1H, CH), 7.4-7.55 (m, 3H, aryl-H), 8.04
(m, 2H, aryl-H), 10.24 (s, 1H, NH), 11.18 (s, 1H, NH).
Step 5 r/?)-(1-(2-Fluoro-benzyl)-3-oxo-3-r2-(3-phenyl-
p ,2,41oxadiazol-5-yl)-(S)-Pyrrolidin-1-v p-
propylV-carbamic acid ferf-butyl ester A mixture of
125 mg (0.42 mmol, 1.00 eq) of (R)-3-te/
-butoxycarbonylamino-4-(2- fluoro-phenyl)-butyric acid
and 71.4 mg (0.44 mmol, 1.05 eq) of
1,1'-carbonyldiimidazole in 5.00 ml_ of
1,2-dichloroethane was stirred for 2 h. Separately,
106 mg (0.42 mmol, 1.05 eq) of
3-phenyl-5-(S)-pyrrolidin-2-yl-[1,2,4]oxadiazole
hydrochloride (step 4) and (0.46 mmole, 1.10 eq) of L/
,L/-di-/sopropylethylamine are stirred in 4.00 ml_ of
1,2-dichloroethane. After 15 min. the solution of the
amine is added to the mixture of the activated acid
via a syringe and stirring is continued overnight at
room temperature. Then the reaction mixture is heated
to reflux for two days. The solvent is evaporated and
the residue is taken up in a 1:1 mixture of
dichloromethane and water. The aqueous layer is
extracted with dichloromethane and the combined
organic layers are washed sequentially with 5 % citric
acid solution, 10 % sodium carbonate solution, water
and brine, dried with magnesium sulphate, filtered and
evaporated under reduced pressure. Purification by
preparative thin layer-chromatography on silica gel
affords the title compound.Step 6 1,4-dioxane (" -
-Amipo - -fluoro-phenvp-i-fCSl^-O-phenyl- p
^.^oxacliazol-S-vD-pyrroliclin-iyll- butan-1-one
hydrochloride The intermediate from step 5 is
dissolved at 0C in 15 mL of 1,4-dioxane that has
previously been saturated with hydrochloric acid gas.
The reaction mixture is allowed to 



warm to room temperature over the course of the
reaction and stirring is continued until complete
conversion is observed by TLC analysis. Evaporation of
the solvents affords a solid residue, which is taken
up in a mixture of diethyl ether and hexane. The
precipitated final compound is filtered off, washed
with hexane and dried under reduced pressure. 1H-NMR
(300 MHz, CDCI3) d = 2.0-3.1 (m, 8H, 4xCH2) ,
3.40-4.00 (m, 3H, CH and CH2) , 5.42 (m, 1H, CH), 7.1
(m, 2H, aryl-H), 7.24 (m, 1H, aryl-H), 7.4 (m, 1H,
aryl-H), 7.45 (m, 3H, aryl-H), 8.0 (m, 2H, aryl-H),
8.65 (m, 3H, NH). Using this general procedure the
following oxadiazole derivatives were prepared:
Example 2Steps 1 - 4 3-(3-Chloro-phenv
p-5-(S)-pyrrolidin-2-yl-[1 ,2,41oxadiazole
hydrochloride The title compound was prepared
according to steps 1 - 4 of example 1. 1H-NMR (300
MHz, CDCI3) d = 2.21 (m, 2H, CH2) , 2.4 (m, 1H, CH),
2.7 (m, 1H, CH), 3.6-3.8 (m, 2H, CH), 5.2 (m, 1H, CH),
7.41 (dd, 1H, aryl-H), 7.51 (ddd, 1H, aryl-H), 7.94
(ddd, 1H, aryl-H), 8.04 (dd, 1H, aryl-H), 10.2-11.2
(s, 2H, NH). Steps 5 and 6
fffl-3-Amino-1-ff^-2-r3-f3^hloro-phenyl)
ri.2.41oxadiazol-5-yl)-py it olidin-1-ylM-f2-
fluoro-phenyO-butan-1-one hydrochloride The title
compound was prepared according to steps 5 and 6 of
example 1. 1H-NMR (300 MHz1CDCI3) d = 2.2-3.21 (m, 4H,
2xCH2) , 3.5 (m, 2H1CH2) , 3.92 (m, 1H1 CH), 5.1 (in,
1H, CH), 7.0-7.5 (m, 6H, aryl-H), 7.9 (m, 1H1 aryl-H),
8.0 (dd, 1H, aryl-H), 8.7 (m, 3H1NH3) .Example 3 Steps
1 - 4
3-(3-Fluoro-phenyl)-5-(S)-pyrrolidin-2-yl-f1,2,4loxadi
azole hydrochloride The title compound was prepared
according to steps 1 - 4 of example 1. 1H-NMR (300
MHz, CDCI3) d = 2.17-2.32 (m, 2H, CH2) , 2.45-2.60 (m,
2H, CH2) , 3.64- 3.75 (m, 2H, CH2) , 5.2 (m, 1H, CH),
7.20 (m, 1H, aryl-H), 7.43 (m, 1H, aryl-H), 7.76 (m,
1H, aryl-H), 7.86 (m, 1H, aryl-H), 10.4-1 1.2 (s, 2H,
NH2) . Steps 5 and 6
ff?)-3-Amino-1-f(S)-2-f3-(3-fluoro-phenyl)
H,2,41oxadiazol-5-yl)-pyrrolidin-1-yll4-(2-
fluoro-phenyl)-butan-1-one hydrochloride The title
compound was prepared according to steps 5 and 6 of
example 1.1H-NMR (300 MHz, CDCI3) d = 2.0-3.58 (m, 8H
4xCH2) , 3.68 (m, 1H, CH), 3.75 (m, 2H, CH2) , 5.3 (m,
1H, CH), 7.10-7.39 (m, 4H, aryl-H), 7.46 (m, 1H,
aryl-H), 7.6 (m, 1H, aryl-H), 7.70 (m, 1H, aryl-H),
7.85 (m, 1H, aryl-H), 8.15 (m, 3H, NH3) . Example 4
Steps 1 - 4 3-(4-Methanesulphonyl-phenv
p-5-(S)-pyrrolidin-2-yl-f1 2,41oxadia2qle
hydrochloride The title compound was prepared
according to steps 1 - 4 of example 1. 1H-NMR (300
MHz1CDCI3 + DMSOd 6) d = 2.10-2.65 (m, 4H, 2xCH2) ,
3.23 (s, 3H, CH3) , 3.46 (m, 2H, CH2) , 5.2 (m, 1H,
CH), 8.15-8.3 (m, 4H aryl-H), 10.3 (s, 2H, NH).Steps 5
and 6
(f?)-3-Amino-4-(2-fluoro-phenyl)-1-{(S)-2-r3-f4-methan
esulphonyl-phenv p [1
,2,4loxadiazol-5-vn-pyrrolidin-1-yl}-butan-1-one
hydrochloride The title compound was prepared
according to steps 5 and 6 of example 1. 1H-NMR (300
MHz, DMSOd 6) d = 2.35-1.9 (m, 4H 2xCH2) , 2.6-3.15
(m, 4H, 2xCH2) , 3.28 (s, 3H, CH3) , 3.6 (m, 1H, CH),
3.7 (m, 2H, CH2) , 5.3 (m, 1H, CH), 7.1-7.4 (m, 4H,
aryl-H), 8.08-8.25 (m, 4H, aryl-H), 8.4 (m, 3H, NH3) .
Example 5 Steps 1 - 4
(S)-2-(5-Pyrrolidin-2-yl-f1,2,41oxadiazol-3-yl)-pyridi
ne hydrochloride The title compound was prepared
according to steps 1 - 4 of example 1.1H-NMR (300 MHz,
CDCI3 + DMSO-d6) d = 2.21 (m, 2H, CH2) , 2.44 (m, 1H,
CH), 2.62 (m, 1H, CH), 3.48 (m, 2H, CH2) , 5.22 (m,
1H, CH), 7.6 (ddd, 1H, py-H), 8.02 (ddd, 1H, py-H),
8.16 (ddd, 1H, py-H), 8.78 (dd, 1H1 py-H), 9.8-1 1.0
(s, 2H, NH2) . Steps 5 and 6
(R)-3-Amino-4-(2-f]uoro-phenyl)-1-r(S)-2-(3-pyridin-2-
yl- p .2,41oxadiazol-5-yl)-pyrrolidin-
1-yl]-butan-1-one The title compound was prepared
according to steps 5 and 6 of example 1. 1H-NMR (300
MHz, CDCI3) d = 1.68 (m, 2H, NH2) , 2.38-2.57 (m, 4H,
2xCH2) , 2.77-2.83 



(m, 4H, 2xCH2) , 3.48 (m, 2H, CH2) , 3.77 (m, 1H, CH),
5.21 (m, 1H, CH), 7.03-7.28 (m, 4H1 aryl-H), 7.42 (m,
1H, py-H), 7.82 (m, 1H, py-H), 8.12 (dd, 1H, py-H),
8.78 (dd, 1H, py-H). Example 6Step 1
(ffl-fi-r-Chloro-benzv p-S-ffSV -rS-O-fluoro-phenvO- p
^.^oxadiazol-S-vn-pyrrolidin-iyl)-
3-oxo-propyl)-carbamic acid terf-butyl ester 25.0 mg
(79.7 mmol, 1.00 eq) of
(/?)-3-fe/f-butoxycarbonylamino-4-(3-chloro-phenyl)-
butyric acid and 2 1.5 mg (79.7 mmol, 1.00 eq) of
3-(3~fluoro-phenyl)-5-(S)-pyrrolidin-2-
y!-[1,2,4]oxadiazole hydrochloride (prepared according
to example 3, steps 1-4) are dissolved in 2.00 ml_ of
L/ ,L/-dimethylformamide. Then 16.1 mg (120 mmol, 1.50
eq) 1- hydroxybenzotriazole, 55.0 ml_ (39.9 mg, 394
mmol, 3.30 eq) of triethylamine and 22.9 mg (120 mmol,
1.50 eq) of
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro
chloride are added to the reaction mixture at room
temperature. After the resulting solution is stirred
for 12 h at room temperature the mixture is poured
into brine and is diluted with water. The aqueous
mixture is extracted 3 times with ethyl acetate and
the combined organic layers are dried with sodium
sulphate. The solvent is removed under reduced
pressure and the title compound is purified by flash
chromatography (silica gel, eluent: cyc/o-hexane:ethyl
acetate = 1:1). LC/MS (I): rt 3.60; m/z 529 [M+H] +,
470 [IVWBu]+, 429 [M-BoC] . Step
2(f?)-3-Amino-4-f3-chloro-phenyl)-1-f(S)-2-r3-(3-fluor
o-phenyl)- p ,2,4loxadiazol-5-v p-
pyrrolidin-1-ylVbutan-1-one trifluoroacetic acid salt
The compound from step 1 is dissolved in 1.00 ml_ of
dichloromethane and is cooled to 00C. Then 0.50 mL of
trifluoroacetic acid is added and the reaction mixture
is allowed to warm to room temperature. After 1 h the
solvents are removed and the crude product is purified
by preparative HPLC to yield the title compound. LC/MS
(I): H2.46; m/z 429 [IVRH]+, 492 [M+Na+MeCNf. 1H-NMR
(300 MHz, DMSO-d6) d = 2.10 (m, 2H, CH2) , 2.35-2.38
(m, 1H, CH), 2.65 (m, 2H, CH2) , 2.85-2.96 (m, 2H,
CH2) , 3.54 (m, 1H, CH), 3.69 (m, 2H, CH2) , 5.27 (m,
1H, CH), 7.1-7.5 (m, 5H, aryl-H), 7.55-7.89 (m, 3H,
aryl-H), 7.91 (s, 3H, NH3) . Example 7 Step 1
3,5-Difluoro- L/-hvdroxy-benzamidine 100 mg (0.72
mmol, 1.00 eq) of 3,5-difluorobenzonitrile is
dissolved in 4.00 mL of methanol and 149 mg (1.08
mmol, 1.50 eq) of potassium carbonate followed by 99.9
mg (1.44 mmol, 2.00 eq) of hydroxylamine hydrochloride
are added. The reaction mixture is refluxed for 12 h,
filtered and the solvent is evaporated. The crude
product is purified by flash chromatography (silica
gel, eluent: cyc/o-hexane: ethyl acetate = 3:2) to
yield the title compound.Steps 2 and 3
CS)-2-r3-(3,5-Difluoro-phenyl)-[1 loxadiazol-
d-yll-pyrrolidine-i-carboxylic acid tertbutyl ester
109 mg (0.63 mmol, 1.00 eq) of
3,5-difluoro-N-hydroxy-benzamidine (Step 1) and 150 mg
(0.70 mmol, 1.10 eq) of
(S)-pyrrolidine-1,2-dicarboxylic acid 1-fe/f-butyl
ester are dissolved in a mixture of 4 mL of
dichloromethane and 0.5 mL of N,Ndimethylformamide.
Then 98.9 mg (0.73 mmol, 1.20 eq)
1-hydroxybenzotriazole and 115 ml_ (92.4 mg, 0.73
mmol, 1.20 eq) L/ ,L/-di/sopropylcarbodimide are added
to the reaction mixture. After 12 h stirring at room
temperature the reaction mixture is poured into brine,
and is further diluted with water. The aqueous mixture
is extracted 3 times with ethyl acetate and the
combined organic layers are washed with 5 % citric
acid solution, saturated sodium bicarbonate solution,
brine and dried with sodium sulphate. The solvent is
evaporated and the residue is purified by flash
chromatography (silica gel, eluent: cyc/o-hexane:ethyl
acetate = 1:1). 203 mg (0.55 mmol) of the O-acyl
amidoxime is dissolved in 4.00 mL of pyridine and the
solution is heated to reflux for 12 h. Then the
pyridine is removed under reduced pressure and the
residue is purified via flash chromatography (silica
gel, eluent: cyc/o-hexane: ethyl acetate = 4:1) to
yield the title compound. LC/MS (I): rt 3.34, lmac=
234 nm (s), 277 nm (w). 1H-NMR (300 MHz, DMSO-d6) d =
1.19-1.39 (d, 9H, 3xCH3) , 1.94-2.04 (m, 3H, CH and 



CH2) , 2.38-2.40 (m, 1H, CH), 3.23-3.56 (m, 2H, CH2) ,
5.10 (m, 1H, CH), 7.48 (m, 1H, aryl-H), 7.59 (m, 2H,
aryl-H).Step 4 3-(3,5-Difluoro-phenvD-5-(S)-pyr
tolidin-2-yl-H ,2,41oxadiazole trifluoroacetic acetate
46.0 mg (131 mmol, 1.00 eq) of the compound from step
3 is dissolved in 1.00 mL of dichloromethane. The
solution is cooled to 00C and 0.50 mL of
trifluoroacedic acid is added. The reaction mixture is
allowed to warm to room temperature and after 1 h the
solvents are evaporated to yield the crude title
compound, which is dried under reduced pressure and
used without further purification in step 5. LC/MS
(I): rt 1.85; m/z 252 [M+Hf, 293 [M+H+MeCN] +. Step 5
-rS-f S -rS-O. d-Difluoro-phenvD- p . ^ioxadiazol-
d-vn-pyrrolidin-i-vD-i-f -fluorobenzvO- 3-oxo-propy
p-carbamic acid ferf-butyl ester 14.9 mg (110 mmol,
1.50 eq) of 1-hydroxybenzotriazole, 36.9 ml_ (26.8 mg,
264 mmol, 3.60 eq) triethylamine and 2 1.1 mg (1 10
mmol, 1.50 eq) of 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride are added to a stirred
solution of 21.8 mg (73.4 mmol, 1.00 eq) of
(f?)-3-terf-butoxycarbonylamino-4-(2-fluoro-phenyl)-bu
tyric acid in 1.00 mL of L/,L/-dimethylformamide. The
reaction mixture is stirred for 15 min., after which a
solution of 26.8 mg (73.4 mmol, 1.00 eq) of the crude
deprotected pyrrolidinecompound from step 4 in 1.00
ml_ of L/ ,L/-dimethylformamide is added. The
resulting solution is stirred for 12 h , then poured
into brine and diluted with water. The aqueous mixture
is extracted 3 times with ethyl acetate and the
combined organic layers are washed with 5 % citric
acid solution, saturated sodium bicarbonate solution,
brine and are dried with sodium sulphate. The solvent
is evaporated and the residue is subjected to flash
chromatography (silica gel, eluent: cyc/o-hexane:
ethyl acetate = 3:2) to yield the title compound.
LC/MS (I): rt 3.48; m/z 431 [M+H-Boc)+. Step 6
CR)-3-Amino-1-((S)-2-r3-(3,5-difluoro-phenyl)-ri
,2.4loxadiazol-5-vn-pyrrolidin-1-yl)-4-(2-
fluoro-phenyl)-butan-1-one trifluoracetic acid salt
42.0 mg (79.2 mmol, 1.00 eq) of the compound from step
5 is dissolved in 1.00 ml_ of dichloromethane. The
solution is cooled to 00C and 0.50 ml_ of
trifluoroacetic acid is added. The reaction mixture is
allowed to warm to room temperature and after 30 min
the solvent is evaporated to yield the crude title
compound, which is purified by preparative HPLC. LC/MS
(I): rt 2.58; m/z 453 [M+Na]+, 472 [M+H+MeCN] +.
1H-NMR (300 MHz, DMSOd 6) d = 2.08 (m, 3H, CH and CH2)
, 2.35 (m, 1H, CH), 2.64 (m, 2H, CH2) , 2.97 (m, 2H,
CH2) , 3.50 (m, 1H, CH), 3.60-3.75 (m, 2H, CH2) , 5.26
(m, 1H, CH), 7.10-7.17 (m, 2H, aryl-H), 7.2-7.35 (m,
2H, aryl-H), 7.4-7.6 (m, 3H, aryl-H), 7.8-8.1 (s, 3H,
NH3) .Example 8
(ffl-3-Amino-1-{(S)-2-r3-(2,4-difluoro-phenyl)-ri
,2,41oxadiazol-5-vn-pyrrolidin-1-yl)-4-(2-
fluoro-phenvD-butan-1-one trifluoracetic acid salt The
title compound can be prepared according to steps 1-6
for example 7 by using 2,4- difluoro-benzonitrile as
starting material. LC/MS (I): rt 2.49; m/z 453
[M+Na]+, 472 [M+H+MeCN] +. 1H-NMR (300 MHz, DMSO-d6) d
= 1.96 (m, 3H, CH and CH2) , 2.35 (m, 1H, CH), 2.65
(m, 2H, CH2) , 2.97 (m, 2H, CH2) , 3.51 (m, 1H1 CH),
3.67 (m, 2H1 CH2) , 5.27 (m, 1H, CH), 7.09-7.23 (m,
2H, aryl-H), 7.27-7.32 (m, 3H, aryl-H), 7.45 (m, 1H
aryl-H), 7.89- 8.03 (m, 4H, NH3, aryl-H) Example 9
(^-S-Amino-i-KSI- -fS-fS-methanesulphonyl-phenvD-ri.
ioxadiazol- d-vp-pyrrolidin-
1-vD-4-(2-fluoro-phenylVbutan-1-one trifluoracetic
acid salt The title compound can be prepared according
to steps 1-6 for example 7 by using 3-
methanesulfonyl-benzonitrile as starting material.
LC/MS (I): rt 2.31 ; m/z 473 [M+H]+, 495 [M+Na]+.
1H-NMR (300 MHz1 DMSOd 6) d = 2.09 (m, 3H1 CH and CH2)
, 2.35 (m, 1H1 CH)1 2.66 (m, 2H, CH2) , 2.96 (m, 2H1
CH2) , 3.26 (s, 3H1 CH3) , 3.52 (m, 1H1 CH), 3.67 (m,
2H1CH2) , 5.27 (m, 1H, CH), 7.14 (m, 2H, aryl-H), 7.30
(m, 2H aryl-H), 7.81 (dd, 1H, aryl- H), 7.9-8.0 (s,
3H, NH3) , 8.1 1 (d, 1H, aryl-H), 8.24 (d, 1H,
aryl-H), 8.37 (s, 1H, aryl-H). Example 10 



L/-r4-r5-((rS)-1-rfffl-3-Amino-4-f2-fluoro-phe
pyl)-butyrvn-pyrrolidin-2-yl>- p ,2.4loxadiazol-
3-yl)-phenyl1-methanesulphonamide trifluoroacetic acid
salt The title compound can be prepared according to
steps 1-6 for example 7 by using N-
(4-cyano-phenyl)-methanesulfonamide as starting
material. LC/MS (I): rt 2.15; m/z 488 [M+H]+, 529
[M+MeCN]+. 1H-NMR (300 MHz, DMSO-d b) d = 2.06 (m, 2H,
CH and CH2), 2.34 (m, 1H, CH), 2.64 (m, 2H, CH2) ,
2.94-2.99 (m, 2H, CH2) , 3.06 (s, 3H, CH3) , 3.48-3.64
(m, 3H, CH and CH2) , 5.22 (m, 1H, CH), 7.09-7.16 (m,
2H, aryl-H), 7.28-7.34 (m, 4H, aryl-H), 7.84-7.94 (m,
4H, NH2 and 2x aryl-H), 10.1 (s, 1H, NH). Example
11(ffl-3-Amino-1-r(SV2-f3-cvclopropyl- p
,2,41oxadiazol-5-yl)-pyrrolidin-1-vn-4-(2-fluorophenyl
)- butan-1-one trifluoracetic acid salt The title
compound was prepared according to steps 1-6 for
example 7 by using cyclopropanecarbonitrile as
starting material. LC/MS (I): rt 2.12; m/z 359 [M+H]+,
400 [M+MeCN] +. 1H-NMR (300 MHz, DMSOd 6) d = 0.82 (m,
2H, c-propyl-CH 2) , 1.02 (m, 2H, c-propyl- CH2) ,
1.95-2.04 (m, 4H, 2xCH and CH2) , 2.27 (m, 1H, CH),
2.62 (m, 2H, CH2) , 2.94 (m, 2H, CH2) , 3.45 (m, 1H,
CH), 3.66 (m, 2H, CH2) , 5.10 (m, 1H, CH), 7.15 (m,
2H, aryl-H), 7.31 (m, 2H, aryl-H), 7.94 (s, 3H, NH3) .
Example 12 Step 1
/V-Hvdroxy-2,2-dimethyl-propionamidine 26.6 ml_ (0.24
mol, 1.00 eq) of trimethylacetonitrile is dissolved in
500 mL of methanol and 50.0 g (0.36 mol, 1.50 eq) of
potassium carbonate followed by 33.0 g (0.48 mol, 2.00
eq) of hydroxylamine hydrochloride are added. The
reaction mixture is refluxed for 4 h, filtered and the
solvent is evaporated. The crude product is dissolved
in methanol and separated from the inorganic salts by
filtration. The filtrate is again evaporated and the
crude product (12.5 g , 45 %) is used in the next step
without further purification. LC/MS (I): rt 0.68; m/z
117 [M+H]+, 158 [M+H+MeCN] +.Steps 2 and 3
(S)-2-(3-fe/f-Butyl-[1
,2,41oxadiazol-5-yl)-pyrrolidine-1-carboxylic acid
ferf-butyl ester 3.00 g (25.8 mmol, 1.00 eq) of
L/-hydroxy-2,2-dimethyl-propionamidine (Step 1) and
5.55 g (25.8 mol, 1.10 eq) of
(S)-pyrrolidine-1,2-dicarboxylic acid 1-fe/f-butyl
ester are dissolved in a mixture of 50 ml_ of
dichloromethane. Then 3.9 mg (31.0 mmol, 1.20 eq) L/
.L/'-di/sopropylcarbodimide are added to the reaction
mixture. After 6 h stirring at room temperature the
reaction mixture is evaporated. The crude O-acyl
amidoxime is dissolved in 100 mL of pyridine and the
solution is heated to reflux overnight (12 h). Then
the pyridine is removed under reduced pressure and the
residue is purified via flash chromatography (silica
gel, eluent: cyc/o-hexane:ethyl acetate = 4:1) to
yield the title compound. LC/MS (I): rt 4.38; m/z 237,
241 , 281, 296. Step 4
3-te/f-Butyl-5-(S)-pyrrolidin-2-yl-ri ,2,41oxadiazole
trifluoro-acetic acid salt 4.08 g (13.8 mmol, 1.00 eq)
of
(S)-2-(3-te/f-butyl-[1,2,4]oxadiazol-5-yl)-pyrrolidine
-1- carboxylic acid ferf-butyl ester (Step 3) is
dissolved in 20.0 mL of dichloromethane. The solution
is cooled to 0 C and 6.00 mL of trifluoroacetic acid
is added. The reaction mixture is allowed to warm to
room temperature and after 2 h the solvents
areevaporated to yield the crude title compound, which
is dried under reduced pressure and used without
further purification in step 5. LC/MS (I): rt 1.68;
m/z 196 [M+H]+, 237 [M+H+MeCN] +. Step 5
rfffl-3-r(S)-2-(3-terf-Butyl-ri
,2,4loxadiazol-5-vn-Dyrrolidin-1-vn-3-oxo-1-(2,4,5-tri
fluorobenzvD- propyll-carbamic acid fe/f-butyl ester
655 mg (4.85 mmol, 1.50 eq) of 1-hydroxybenzotriazole,
1.16 ml (8.41 mmol, 2.60 eq) triethylamine and 930 mg
(4.85 mmol, 1.50 eq) of
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride are added to a stirred solution of 1.08
g (3.23 mmol, 1.00 eq) of
(/?)-3-fe/f-butoxycarbonylamino-4-(2,4,5-trifluoro-phe
nyl)-butyric acid in 30 ml_ of L/
,L/-dimethylformamide. The reaction mixture is stirred
for 10 min, after which a solution of 1.00 g (3.23
mmol, 1.00 eq) of the trifluoroacitic acid salt of
3-terf-butyl-5- (S)-pyrrolidin-2-yl-[1,2,4]oxadiazole
from step 4 in 20 ml_ of L/,L/-dimethylformamide is 



added at 00C. The resulting solution is stirred for 12
h, then poured into brine and diluted with water. The
aqueous mixture is extracted 3 times with ethyl
acetate and the combined organic layers are washed
with 5 % citric acid solution, saturated sodium
bicarbonate solution, brine and are dried with sodium
sulphate. The solvent is evaporated and the residue is
subjected to flash chromatography (silica gel, eluent:
cyc/o-hexane:ethyl acetate = 70:30) to yield 737 mg
(45 %) of the pure title compound. LC/MS (I): rt 4.76;
m/z 4 11 [M+H-Boc] +, 511 [M+H]+, 533 [IVHNa]+, 574
[M+ACN+Na] +.Step 6
(f?)-3-Amino-1-r(S)-2-f3-terf-butyl- p
,2.41oxadiazol-5-yl)-pyrrolidin-1-yll-4-(2,4,5-trifluo
rophenyl)- butan-1-one formate salt 737 mg (1.44 mmol,
1.00 eq) of [(R)-3-[(S)-2-(3-terf-butyl-[1
,2,4]oxadiazol-5-yl)-
pyrrolidin-1-yl]-3-oxo-1-(2,4,5-trifluoro-benzyl)-prop
yl]-carbamic acid ferf-butyl ester from step 5 is
dissolved in 3.00 mL of dichloromethane. The solution
is cooled to 0 C and 0.90 mL of trifluoroacetic acid
is added. The reaction mixture is allowed to warm to
room temperature and after 1 h the solvent is
evaporated to yield the crude title compound, which is
purified by preparative LC/MS running with formic acid
as coeluent. LC/MS (I): rt 4.38; m/z 4 11 [M+H]+, 452
[M+H+MeCN]+. 1H-NMR (400 MHz, DMSOd 6) d = 1.26 (s,
9H, CH3) , 1.95-2.04 (m, 3H, CH, CH2) , 2.28- 2.33 (m,
1H, CH), 2.63-2.78 (m, 2H, CH2) , 2.89 (d, 2H, CH2) ,
3.45-3.52 (m, 2H, CH2) , 3.65-3.68 (m, 2H, CH2) ,
5.16-5.46 (m, 1H, CH), 7.47-7.59 (m, 2H, aryl-H).
Example 13 rffl-3-Amino-1-r(SV2-(3-cvclopropyl-ri
,2,41oxadiazol-5-ylVpyrrolidin-1-vn-4-(2.4.5-
trifluoro-phenylVbutan-1-one formate salt The title
compound can be prepared according to the procedure
described for example 12 for steps 1-6 by using
cyclopropanecarbonitrile in step 1. LC/MS (III): rt
6.38; m/z 395 [M+H]+, 436 [M+H+MeCN]+. 1H-NMR (400
MHz, DMSOd 6) d = 0.62-0.89 (m, 2H, CH2) , 0.96-1 .09
(m, 2H, CH2) , 1.85-2.07 (m, 5H, CH, 2xCH2) ,
2.23-2.30 (m, 1H, CH), 2.72-2.76 (m, 3H, CH, CH2)
,3.40-3.64 (m, 3H, CH1CH2) , 5.06-5.34 (m, 1H, CH),
7.39-7.42 (m, 2H, aryl-H), 8.16 (s, 1H, HCOOH).
Example 14 (ffl-S-Amino-i-r^S^-O-cvclopropylmethyl- p
ioxadiazol- d-vD-pyrrOlidin-i-vIM-
(2,4,5-trifluoro-phe pyl)-butan-1-o pe formate salt
The title compound can be prepared according to the
procedure described for example 12 for steps 1-6 by
using cyclopropyl-acetonitrile in step 1. LC/MS (III):
rt 7.85; m/z 409 [M+Hf, 450 [M+H+MeCN]+. 1H-NMR (400
MHz, DMSO-d6) d = 0.16-0.17 (m, 2H, CH2) , 0.43-0.45
(m, 2H, CH2) , 0.97-1 .00 (m, 1H, CH), 1.91-1.99 (m,
3H CH, CH2) , 2.28-2.31 (m, 2H, CH2) , 2.56-2.61 (m,
3H, CH, CH2) , 2.81-2.83 (m, 2H, CH2) , 3.49-3.64 (m,
3H, CH, CH2) , 5.14-5.45 (m, 1H, CH), 7.43-7.55 (m,
2H, aryl-H), 8.14 (s, 1H, HCOOH). Example 15
(R)-3-Amino-1-r(S)-2-(3-cvclobutyl-ri
,2,41oxadiazol-5-ylVpyrrolidin-1-yll-4-(2,4.5-
trifluoro-phenvQ-butan-1-one formate salt The title
compound can be prepared according to the procedure
described for example 12 for steps 1-6 by using
cyclobutanecarbonitrile in step 1. LC/MS (IV): rt
4.79; m/z 409 [M+H]+, 450 [M+H+MeCNJ+.1H-NMR (400 MHz,
DMSOd 6) d = 1.85-2.09 (m, 5H, CH, 2xCH2) , 2.21-2.27
(m, 5H, CH, 2xCH2) , 2.74-2.76 (m, 2H, CH2) ,
3.32-3.66 (m, 7H, CH, 3xCH2) , 5.15-5.44 (m, 1H, CH),
7.43-7.51 (m, 2H, aryl-H), 8.18 (s, 1H, HCOOH).
Example 16 (ffl-S-Amino-i-rfSV -O-morpholin^-yl- p .
loxadiazol- d-vn-pyrrolidin-i-ylM-f . -
trifluoro-phenyl)-butan-1-one formate salt The title
compound can be prepared according to the procedure
described for example 12 for steps 1-6 by using
morpholine-4-carbonitrile in step 1. LC/MS (III): rt
7.21; m/z 440 [M+H]\ 462 [M+Na]+, 481 [M+H+MeCNf.
1H-NMR (400 MHz, DMSO-d6) d = 1.92-2.02 (m, 3H, CH,
CH2) , 2.22-2.25 (m, 2H, CH2) , 2.54-2.58 (m, 2H, CH2)
, 2.81-2.83 (m, 2H, CH2) , 3.23-3.63 (m, 11H, CH,
5xCH2) , 5.00- 5.31 (m, 1H, CH), 7.43-7.56 (m, 2H,
aryl-H), 8.13 (s, 1H, HCOOH). Example 17
(R)-3-Amino-1-r(S)-2-(3-pyrrolidin-1-yl-ri
,2,4loxadiazol-5-yl ')-pyrrolidin-1-vn-4-r2.4.5- 



trifluoro-phenvD-butan-1-one formate salt The title
compound can be prepared according to the procedure
described for example 12 for steps 1-6 by using
pyrrolidine-4-carbonitrile in step 1. LC/MS (III): rt
7.21; m/z 424 [M+H]+, 465 [M+H+MeCN]+.1H-NMR (400 MHz,
DMSO-d6) d = 1.90-2.01 (m, 4H, 2xCH, CH2) , 2.24-2.29
(m, 1H, CH), 2.75-2.80 (m, 3H, CH, CH2) , 3.24-3.65
(m, 11H, CH, 5xCH2) , 5.01-5.31 (m, 1H, CH), 7.42-7.54
(m, 2H, aryl-H), 8.19 (s, 1H, HCOOH). Example 18
(RV3-Amino-1-r(S)-2-(3-pyridin-2-yl- p
,2,41oxadiazol-5-yl)-pyrrolidin-1-vn-4-(2,4,5-
trifluoro-phenvO-butan-1-one formate salt The title
compound can be prepared according to the procedure
described for example 12 for steps 1-6 by using
pyridine-2-carbonitrile in step 1. LC/MS (IV): rt
3.37; m/z 432 [M+Hf, 454 [M+Naf. 1H-NMR (300 MHz,
DMSO-d6) d = 1.89-2.12 (m, 3H, CH, CH2) , 2.15-2.56
(m, 2H1CH2) , 2.75-2.81 (m, 3H, CH, CH2) , 3.44-3.70
(m, 3H, CH, CH2) , 5.24-5.53 (m, 1H, CH), 7.35- 7.44
(m, 2H, py-H), 7.52-7.60 (m, 1H, aryl-H), 7.94-8.01
(m, 2H1 py-H), 8.12 (s, 1H, HCOOH), 8.67-8.69 (m, 1H,
py-H). Example 19 -S-Amino- i - -
-fS-O.S-difluoro-pyridin^-vO- p ^^ioxadiazol-
-vp-pyrrolidin-i-vIV
4-(2,4,5-trifluoro-phenyl)-butan-1-one formate salt
The title compound can be prepared according to the
procedure described for example 12 for steps 1-6 by
using 3,5-difluoro-pyridine-2-carbonitrile in step 1.
LC/MS (IV): rt 4.36; m/z 468 [M+H]+, 490 [M+Na]+, 509
[M+H+MeCN] +.1H-NMR (300 MHz, DMSO-d6) d = 2.05-2.08
(m, 3H, CH, CH2) , 2.31-2.38 (m, 2H, CH2) , 2.47-2.83
(m, 2H, CH2) , 2.81-2.83 (m, 2H, CH2) , 3.41-3.74 (m,
2H, CH2) , 5.27-5.60 (m, 1H, CH), 7.42-7.53 (m, 2H,
aryi-H), 8.13 (s, 1H, HCOOH), 8.19-8.24 (m, 1H, py-H),
8.70-8.75 (m, 1H, py-H). Example 20
(ffl-3-Amino-1-F('S)-2-('3-pyrazin-2-yl- p
,2,41oxadiazol-5-yl)-pyrrolidin-1-vn-4-(2,4,5-
trifluoro-phenyl)-butan-1-one formate salt The title
compound can be prepared according to the procedure
described for example 12 for steps 1-6 by using
pyrazine-2-carbonitrile in step 1. LC/MS (III): rt
5.82; m/z 433 [M+H]+, 455 [M+Na]+. Example 21
f/?)-3-Amino-1-rCS)-2-(3-pyrimidin-2-yl-ri
,2,4loxadiazol-5-ylVpyrrolidin-1-vn-4-(2,4.5-
trifluoro-phenyl)-butan-1-one The title compound can
be prepared according to the procedure described for
example 12 for steps 1-6 by using
pyrimidine-2-carbonitrile in step 1. LC/MS (III): rt
5.74; m/z 433 [M+H]+, 455 [M+Na]+.Example 22 Steps 1-3
(S)-2-f3-(1 -Benzhydryl-azetidin-3-ylH1
,2,41oxadiazol-5-yll-pyrrolidine-1-carboxylic acid
fe/f-butyl ester The title compound can be prepared
according to steps 1-3 of example 12 by employing
i-benzhydryI-azetidine-3-carbonitrile in step 1. Step
4(S)-2-(3-Azetidin-3-yl-f1,2,41oxadiazol-5-yl)-pyrroli
dine-1-carboxylic acid ferf-butyl ester 264 mg (0.57
mmol, 1.00 eq) of
(S)-2-[3-(1-benzhydryI-azetidin-3-yl)-[1,2,4]oxadiazol
-5- yl]-pyrrolidine-1-carboxylic acid tnf-butyl ester
are dissolved in 4 ml_ of 1,2- dichloroethane and 68.0
mL (0.63 mmol, 1.10 eq) of 1-chloroethylchloroformate
is added. The reaction mixture is heated to 70 C for 1
h, the solvent is evaporated and the intermediate is
purified by flash chromatography on silica gel
(cyc/o-hexane:ethyl acetate 50:50). The carbamate
intermediate is then heated to reflux for 1 h in 4 ml_
of methanol. Afterwards the solvent is evaporated and
the crude product is used in the next step without
further purification. LC/MS (I): rt 1.79; m/z 239,
218, 295 [M+H]+, 313 [IvHNa]+, 336 [M+H+MeCN] +. Step
5 fS)-2-[3-(1-Methanesulphonvl-azetidin-3-vl)- p
,2,4loxadiazol-5-vH-pvrrolidine-1- carboxylic acid
te/f-butyl ester 20 mg (0.07 mmol, 1.00 eq) of
(S)-2-(3-azetidin-3-yI-[1,2,4]oxadiazol-5-yl)-pyrrolid
ine-1- carboxylic acid fe/f-butyl ester from step 4
are dissolved in 2 mL of dichloromethane 



and 31.3 mL (0.22 mmol, 3.30 eq) of triethylamine are
added. The solution is cooled to 00C and 11.6 mL (0.15
mmol, 2.20 eq) of methanesulphonyl chloride is added
and the reaction mixture is stirred for 2 h at 0 C.
Then the solution is washed with saturated sodium
bicarbonate solution, water and brine, dried over
sodium sulphate and evaporated under reduced pressure.
The residue is purified by column chromatography
(cyc/o-hexane:ethyl acetate 50:50) to yield the title
compound. LC/MS (I): 15-95 gradient rt 2.04; m/z 273
[M-Bocf, 314, 395, 436.Steps 6-8
(f?)-3-Amino-1-{(S)-2-f3-(1-methanesulpho
pyl-azetidin-3-yl)-f1,2,4loxadiazol-5-yllpyrrolidin- 1
-yl}-4-(2,4,5-trifluoro-phenyl)-butan-1-one formate
salt The title compound can be prepared by employing
the deprotection, peptide coupling and deprotection
sequence described for example 12, steps 4-6 with
(S)-2-[3-(1- methanesulphonyl-azetidin-3-yl)-[1
,2,4]oxadiazol-5~yl]-pyrrolidine-1-carboxylic acid
tertbutyl ester from step 5. LC/MS (III): rt 6.39; m/z
488 [M+H]+, 510 [M+Na]+. 1H-NMR (300 MHz, DMSOd 6) d =
1.95-2.06 (m, 3H, CH, CH2) , 2.20-2.34 (m, 1H, CH),
2.52-2.59 (m, 2H, CH2) , 2.80-2.85 (m, 2H, CH2) , 3.02
(d, 3H, CH3) , 3.45-3.69 (m, 3H, CH, CH2) , 3.95-4.03
(m, 3H, CH, CH2) , 4.18-4.25 (m, 2H, CH2) , 5.17-5.45
(m, 1H, CH), 7.41-7.47 (m, 2H1 aryl-H), 8.13 (s, 1H,
HCOOH). Example 23 Steps 1-4 can be performed
according to example 22, steps 1-4.Step 5
(S)-2-r3-(1-Acetyl-azetidin-3-ylH1 ^^loxadiazol-
d-vp-pyrrolidine-i-carboxylic acid tertbutyl ester 73
mg (0.25 mmol, 1.00 eq) of (S)-2-(3-azetidin-3-yl-[1
,2,4]oxadiazol-5-yl)-pyrrolidine-1- carboxyiic acid
tert-butyl ester (step 4, example 22) are dissolved in
2 ml_ of dichloroethane. Subsequently, 138 mL (0.99
mmol, 4.00 eq) of triethylamine and 35.3 ml_ (0.50
mmol, 2.00 eq) of acetylchloride are added, and the
mixture is stirred for 2 h at room temperature.
Afterwards the solution is washed with saturated
sodium bicarbonate solution, 10 % aqueous ammonium
chloride solution and brine, dried with sodium
sulphate and evaporated under reduced pressure. The
crude product is purified by flash chromatography on
silica gel to yield the title compound. LC/MS (I): rt
2.25; m/z 281, 322, 359. Steps 6-8
(ffl-1-f(S)-2-r3-(1-Acetyl-azetidin-3-yl)- p
,2,41oxadiazol-5-vn-pyrrolidin-1-ylV3-amino-4-
(2,4,5-trifluoro-phenyl)-butan-1-one formate salt The
title compound can be prepared by employing the
deprotection, peptide coupling and deprotection
sequence described for example 12, steps 4-6 with
(S)-2-[3-(1-acetylazetidin-
3-yl)-[1,2,4]oxadiazol-5-yl]-pyrrolidine-1-carboxylic
acid ferf-butyl ester from step 5. LC/MS (III): rt
5.42; m/z 452 [M+H]+, 474 [M+Na]+.1H-NMR (300 MHz,
DMSOd 6) d = 1.73-1.79 (t, 3H, CH3) , 1.96-2.08 (m,
3H, CH, CH2) , 2.20-2.34 (m, 2H, CH2) , 2.59-2.68 (m,
2H, CH2) , 2.86-2.87 (m, 2H, CH2) , 3.50-3.69 (m, 3H,
CH, CH2) , 3.87-3.99 (m, 2H, 2xCH2) , 4.17-4.21 (m,
2H, CH2) , 4.47-4.48 (m, 1H, CH), 5.19-5.21 (m, 1H,
CH), 7.46-7.58 (m, 2H, aryl-H), 8.14 (s, 1H, HCOOH).
Example 24 Step i 3-Hvdroxy-2,2-dimethyl-propionitrile
2.06 g (14.8 mmol, 1.00 eq) of
1-cyano-isopropanecarbocylic acid ethyl ester are
dissolved in 50 mL of methanol and cooled to O0C. Then
0.56 g (14.8 mmol, 1.00 eq) of sodium borohydride are
added in small portions and the reaction mixture is
stirred at room temperature for 3 h. Afterwards the
reaction is quenched with 50 mL of saturated sodium
bicarbonate solution and treated with 20 mL of water.
This mixture is extracted 3 times with diethyl ether,
the combined organic extracts are dried with sodium
sulphate and the solvent is evaporated. The crude
product is used without further purification. Step 2
3-Methocy-2,2-dimethyl-propionitrile 0.65 (6.56 mmol,
1.00 eq) of crude 3-hydroxy-2,2-dimethyl-propionitrile
from step 1 are dissolved in 10 mL of tetrahydrofuran
and added to a stirred mixture of 0.18 g (7.54 



mmol, 1.15 eq) of sodium hydride in tetrahydrofuran.
The resulting mixture is stirred for 30 min at room
temperature and afterwards a solution of 0.47 mL (7.54
mmol, 1.15 g)of methyliodide in 10 ml_ of
tetrahydrofuran is added dropwise. After stirring is
continued overnight the reaction mixture is quenched
with saturated sodium bicarbonate solution and water.
Then the mixture is extracted 3 times with diethyl
ether, the combined organic layers are washed with
brine, dried with sodium sulphate and the solvent is
evaporated. The crude product is used in the next
reaction step without purification. Steps 3-9
(7?)-3-Amino-1 -{(S)-2-f3-(2-methoxy-1
,1-dimethyl-ethylHI ,2,4]oxadiazol-5-vn-pyrrolidin-
1-yl}-4-(2,4,5-trifluoro-phenyl)-butan-1-one formate
salt The title compound can be prepared by employing
reaction sequence described for example 12, steps 1-6
with 3-methoxy-2,2-dimethyl-propionitrile from step 2.
LC/MS (IV): rt 5.08; m/z 441 [M+H] , 463 [M+Naf.
1H-NMR (400 MHz, DMSO-d6) d = 1.20-1.26 (dd, 6H,
2xCH3) , 1.90-2.02 (m, 3H, CH, CH2) , 2.27-2.31 (m,
2H, CH2) , 2.60-2.64 (m, 2H, CH2) , 2.86-2.88 (m, 2H,
CH2) , 3.15- 3.16 (d, 3H, CH3) , 3.34-3.66 (m, 4H,
2xCH2) , 5.15-5.46 (m, 1H, CH), 7.46-7.58 (m, 2H,
aryl-H), 8.12 (s, 1H, HCOOH). Example 25f -
-Amipo-i-KSl- -rS-d-methoxymethyl-cvclopropyD- p
.a^loxadiazol- -yli-pyrrolidin-
1-yl|-4-(2,4,5-trifluoro-phenyl)-butan-1-one formate
salt The title compound can be prepared according to
example 24 by using 1-cyanocyclopropanecarboxylic acid
ethyl ester in step 1. LC/MS (I): rt 2.34; m/z 439
[M+H]+. 1H-NMR (400 MHz, DMSOd 6) d = 1.05-1.15 (m,
4H, 2xCH2) , 1.88-2.01 (m, 3H, CH, CH2) , 2.26-2.29
(m, 1H, CH), 2.55-2.61 (m, 2H CH2) , 2.80-2.81 (m, 2H,
CH2) , 3.21- 3.24 (d, 3H, CH3) , 3.49-3.61 (m, 5H, CH,
2xCH2) , 5.10-5.41 (m, 1H, CH), 7.43-7.55 (m, 2H,
aryl-H), 8.15 (s, 1H, HCOOH). Exam ple 26 Step 1
1-Trifluoromethyl-cyclopropanecarboxylic acid amide To
a solution of 500mg (3.25 mmol)
1-trifluoromethyl-cyclopropanecarboxylic acid
dissolved in 5 ml_ acetonitrile 631 mg (3.89 mmol) of
CDI are added and the reaction mixture is stirred at
room temperature for 2 h. After addition of 3 mL of
aqueous ammonium hydroxide (30%) the mixture is
stirred overnight. Then, the reaction mixture is
diluted by addition of 20 mL ethyl acetate, the
organic layer is washed twice with 20 mL of brine and
20 mL of 1M aqueous hydrochloric acid and is dried
over sodium sulphate. The solvent is removed to yield
the title compound. Step
2L/-Hvdroxy-1-tnfluoromethyl-cvclopropanecarboxam
idine To a solution of 70 mg (0 46 mmol)
1-tpfluoromethyl-cyclopropanecarboxyl ic acid amide
(Step 1), dissolved in 1 ml_ tetrahdrofuran, are added
318 mL (2 29 mmol) of trifluoromethylcarboxylic acid
anhydride at ambient temperature The mixture is
stirred at 60C overnight, then 568 mg (4 12 mmol) of
potassium carbonate, 95 mg (1 37 mmol) of
hydroxylamine and 5 ml_ methanol are added The mixture
is stirred at 650C overnight, filtered and removal of
the solvent under reduced pressure afforded the title
compound which is used in the next step without
further purification LC/MS (II) 1-60 gradient rt 1 06,
m/z 169 [M+H]+ Step 3 (S)-2-f3-(1-Tr
ifluoromethyl-cvclopropyl)-ri,2,4loxad
iazol-5-yll-pyrrol idine-1-carboxyl ic acid te/f-butyl
ester 270 mg (1 6 1 mmol, 1 00 eq)
/V-hydroxy-i-trifluoromethyl-cyclopropanecarboxamidine
(Step 2), 369 mg (1 93 mmol, 1 20 eq) of
1-ethyl-3-(3-dimethylam inopropyl)- carbodiimide
hydrochloride and 260 mg (1 93 mmol, 1 20 eq)
1-hydroxybenzolt pazole are dissolved in 2 ml_ of L/
,L/-d imethylformam ide 415 mg ( 1 93 mmol,1 20 eq)
(S)- pyrrol idine-1 ,2-dicarboxyl ic acid 1-te/t-butyl
ester and 249 mL (1 93 mmol, 1 20 eq) of L/
,L/-diisopropylethylam ine are dissolved in 5 mL of
dichloromethane and slowly added to the carboxamidine
reaction mixture After 4 h stirring a ambient
temperature the solvent is removed under reduced
pressure and the residue is dissolved in 6 mL pyridine
The reaction mixture is stirred at 120C overnight
After removal of the 



solvents under reduced pressure 20 mL ethyl acetate is
added The organic layer is extracted 2 x 20 mL 5%
citric acid and saturated sodium hydrogen carbonate,
washed with brine and dried over sodium sulphate The
solvent is removed to yield the title compoundStep 4
f/?)-3-Amino-1-((S)-2-f3-f1-trifluoromethyl-cvclopropy
l)-[1 2,41oxadiazol-5-yl1-pyrro]idin-
1-yl)-4-(2,4,5-trifluoro-phenyl)-butan-1-one formate
salt 201 mg (0.61 mmol) of
(R)-3-te/f-butoxycarbonylamino-4-(2,4,5-trifluoro-phen
yl)-butyric acid, 116 mg (0.601 mmol) of
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride, 81.8 mg (0.61 mmol) of
1-hydroxybenzotriazole and 168 ml_ (1.21 mmol)
triethylamine are diluted in 2 ml_ of
L/,L/-dimethylformamide and stirred for 30 min at
ambient temperature. 140 mg (0.40mmo!)
2-[3-(1~trifluoromethyl-cyclopropyl)- [ 1
,2,4]oxadiazol-5-yl]-pyrrolidine-1-carboxylic acid
fe/f-butyl ester (Step 3) are dissolved in 1 ml_
dichloromethane and 1 ml_ of trifluoroacetic acid and
stirred for 20 min at ambient temperature. The mixture
is diluted with toluene and evaporated under reduced
pressure. The residue is dissolved in 2 mL of L/
,L/-dimethylformamide and added dropwise to the preact
vated carboxylic acid mixture. The reaction mixture is
stirred at room temperature overnight. 20 mL brine are
added and the aqueous layer is extracted with 5 x 20
mL ethyl acetate. The combined organic layers are
washed with 2 x 10 mL 5% aqueous citric acid,
saturated sodium bicarbonate solution, brine and dried
over sodium sulphate. Removal of the solvent under
reduced pressure afforded a residue, which is purified
by preparative HPLC (with formic acid as co-eluent) to
yield the title compound. LC/MS (II): 5-70 gradient rt
5.16; m/z 463 [IvHH]+, 504 [M+H+MeCNf 1H-NMR (400 MHz,
DMSOd 6) d = 1.38-1.61 (m, 4H, 2xCH2) , 1.90-2.01 (m,
3H, CH, CH2) , 2.25-2.44 (m, 2H1CH2) , 2.65-2.74 (m,
2H, CH2) , 3.21-3.65 (m, 4H, 2xCH2) , 5.13- 5.46 (m,
1H, CH), 7.39-7.47 (m, 2H, aryl-H), 8.16 (s, 1H,
HCOOH).Example 27 Step i
(S)-4,4-Difluoro-pyrrolidine-1,2-dicarboxylic acid
1-ferf-butyl ester 2-methyl ester 130 mg (534 mmol,
1.00 eq) of (S)-4-oxo-pyrrolidine-1,2-dicarboxylic
acid 1-ferf-butyl ester 2-methyl ester are dissolved
in 5 ml_ of dichloromethane and the solution is cooled
to -78 0C. Then 394 mL (2.138 mmol, 4.00 eq) of
deoxofluor is added dropwise via a syringe. The
reaction is stirred overnight, while the temperature
is allowed to warm to room temperature. The organic
layer is washed with saturated sodium bicarbonate
solution, 10% aqueous citric acid solution, water and
brine, is dried over sodium sulphate and evaporated
under reduced pressure. The crude product is purified
by column chromatography on silica gel (cyc/o-hexane:
ethyl acetate 80:20) to yied the title compound. LC/MS
(I): rt 3.80; m/z 207, 251. Step 2
(S)-4,4-Difluoro-pyrrolidine-1,2-dicarboxylic acid
1-fe/f-butyl ester 103 mg (388 mmol, 1.00 eq) of
(S)-4,4-difluoro-pyrrolidine-1,2-dicarboxylic acid
-tertbutyl ester 2-methyl ester (Step 1) are dissolved
in a mixture of 3 mL tetrahydrofuran and 1 mL
methanol. To this solution 179 mg (854 mmol, 2.20 eq)
of lithium hydroxidemonohydrate dissolved in 1 ml_ of
water is added and the resulting mixture is stirred
for 14 h at room temperature. The solvent is removed
and the crude product is taken up in water and
acidified with 5 % aqueous citric acid solution. This
aqueous solution is extracted 3 times with
dichloromethane and the combined organic extracts are
dried with sodium sulphate and the solvent is
evaporated to yield the title compound. 1H-NMR (400
MHz, DMSO-d6) d = 1.37 (d, 9H, CH3) , 2.36-2.42 (m,
1H, CH), 2.71-2.81 (m, 1H, CH), 3.63-3.75 (m, 1H, CH),
4.21-4.23 (m, 1H, CH). Steps 3-9 (ffl-S-Amino-i-rfSV
-O-cvclopropyl-fi ioxadiazol- d-vp
-difluoro-pyrrolidin-i-ylH-
(2,4,5-trifluoro-phenyl)-butan-1-one formate salt The
title compound can be prepared according to the
procedure described for example 12 for steps 1-6 by
using cyclopropanecarbonitrile in step 1 and
(S)-4,4-difluoropyrrolidine- 1 ,2-dicarboxylic acid
1-fe/f-butyl ester in step 2. LC/MS (III): rt 7.89;
m/z 431 [M+Hf, 472 [M+H+MeCN]+. 1H-NMR (400 MHz, DMSOd
6) d = 0.80-0.89 (m, 2H, CH2) , 1.00-1.11 (m, 2H,
CH2), 



2.06-2.12 (m, 1H, CH), 2.43-2.72 (m, 4H, 2xCH2) ,
3.01-4.00 (m, 4H, 2xCH2) , 4.15-4.21 (m, 1H, CH),
5.40-5.81 (m, 1H, CH), 7.45-7.48 (m, 2H, aryl-H), 8.21
(s, 1H, HCOOH). Example 28Step 1 - 4 S-Phenyl-
-^Vpyrrolidin^-yl-ri^.^oxadiazole hydrochloride Steps
1 - 4 were performed according to the procedures
described for example 1 with the exception that
(/?)-pyrrolidine-1,2-dicarboxy!ic acid 1-fe/f-butyl
ester was used instead of
(S)-pyrrolidine-1,2-dicarboxylic acid 1-ferf-butyl
ester. 1H-NMR (300 MHz, DMSOd 6) d = 2.15-2.65 (m, 4H1
2xCH2) , 3.64 (m, 2H, CH2) , 5.2 (m, 1H, CH), 7.4-7.55
(m, 3H, aryl-H), 8.06 (m, 2H, aryl-H), 10.25 (s, 1H,
NH),11.22 (s, 1H, NH). Step 5 and 6
(f?)-3-Amino-4-(2-fluoro-phenv p-1-rfR)-2-(3-phenyl-ri
.2.41oxadiazol-5-yl)-pyrrolidin-1- vH-butan-i-one
hydrochloride The title compound was prepared
according to steps 5 and 6 of example 1. 1H-NMR (300
MHz, DMSO-d6) d = 2.0-3.18 (m, 8H, 4xCH2) , 3.5 (m,
2H, CH2) , 3.73 (m, 1H, CH), 5.18 (m, 1H, CH), 6.9-7.4
(m, 4H, aryl-H), 7.50-7.65 (m, 3H, aryl-H), 7.90-8.02
(m, 2H, aryl-H), 8.3 (m, 3H, NH3) .Example 29 Step 1 -
4
3-(3-Chloro-phenyl)-5-(ffl-pyrrolidin-2-yl-ri,2,4loxad
iazole hydrochloride Steps 1 - 4 were performed
according to the procedures described for example 1
with the exception that
(R)-pyrrolidine-1,2-dicarboxylic acid 1-terf-butyl
ester was used instead of
(S)-pyrrolidine-1,2-dicarboxylic acid 1-fe/f-butyl
ester. 1H-NMR (300 MHz, CDCI3) d = 2.18 (m, 2H, CH2) ,
2.4 (m, 1H, CH), 2.58 (m, 1H, CH), 3.45 (m, 2H, CH2) ,
5.2 (m, 1H, CH), 7.6 (dd, 1H, aryl-H), 7.65 (ddd, 1H,
aryl-H), 8.02 (ddd, 1H, aryl-H), 8.07 (dd, 1H,
aryl-H), 10.3 (s, 2H, NH2) . Step 5 and 6
fR)-3-Amino-1-f(ffl-2-r3-(3-chloro-phenyl)
H.2.41oxadiazol-5-ylVpyrrolidin-1-yl'H-(2-
fluoro-phenyl)-butan-1-one hydrochloride The title
compound was prepared according to steps 5 and 6 of
example 1.1H-NMR (300 MHz, CDCI3) d = 2.2-3.21 (m,
8H14xCH2) , 3.5 (m, 2H, CH2) , 3.95 (m, 1H1 CH), 5.2
(m, 1H1CH), 6.8-7.5 (m, 6H1 aryl-H), 7.9 (m, 1H,
aryl-H), 8.1 (dd, 1H, aryl-H), 8.8 (m, 3H, NH3) .
Example 30 Step 1 - 4
3-(3-Fluoro-phenyl)-5-(f?)-pyrrolidin-2-yl-[1,2,41oxad
iazole hydrochloride Steps 1 - 4 were performed
according to the procedures described for example 1
with the exception that
(/R)-pyrrolidine-1,2-dicarboxylic acid 1-terf-butyl
ester was used instead of
(S)-pyrrolidine-1,2-dicarboxylic acid 1-te/f-butyl
ester. 1H-NMR (300 MHz, CDCI3) d = 2.23 (m, 2H, CH2) ,
2.45-2.62 (m, 2H, CH2) , 3.65 (m, 2H, CH2) , 5.2 (m,
1H, CH), 7.21 (m, 1H, aryl-H), 7.43 (m, 1H1 aryl-H),
7.75 (m, 1H, aryl-H), 7.86 (m, 1H, aryl-H), 10.35 (s,
1H, NH), 11.2 (s, 1H, NH). Step 5 and
6(ffl-3-Amino-1-((ffl-2-r3-(3-fluoro-phenyl)
M.2,4loxadiazol-5-yl)-pyrrolidin-1-yl)-4-(2-
fluoro-phenyl)-butan-1 -one hydrochloride The title
compound was prepared according to steps 5 and 6 of
example 1. 1H-NMR (300 MHz, DMSOd 6) d = 2.0-3.58 (m,
8H, 4xCH2) , 3.6 (m, 2H, CH2) , 3.77 (m, 1H, CH), 5.17
(m, 1H, CH), 8.2 (m, 3H, NH3) , 7.33-7.41 (m, 4H,
aryl-H), 7.46 (m, 1H, aryl-H), 7.63 (m, 1H, aryl-H),
7.67 (m, 1H, aryl-H), 7.78 (m, 1H, aryl-H). Example 3
1 Step i - 4 3-(4-Methanesulphonyl-phenyl)-5-(/
:?)-pyrrolidin-2-yl-ri,2,41oxadiazole hydrochloride
Steps 1 - 4 were performed according to the procedures
described for example 1 with the exception that
(R)-pyrrolidine-1,2-dicarboxylic acid 1-fe/f-butyl
ester was used instead of (S)-pyrrolidine-1
,2-dicarboxylic acid 1-terf-butyl ester. 1H-NMR (300
MHz, CDCI3 + DMSO-d6) d = 2.10-2.65 (m,4H, 2xCH2) .
3.21 (s, 3H, CH3) , 3.46 (m, 2H, CH2) , 5.2 (m, 1H,
CH), 8.15-8.3 (m, 4H, aryl-H), 10.0-1 1.0 (s, 2H, NH2)
.Step 5 and 6
(f?)-3-Amino-4-(2-fluoro-phenyl)-1~f(f?)-2-f3-(4-metha
nesulphonyl-phenyl) ri
,2,4loxadiazol-5-vn-pyrrolidin-1-yl)-buta p-1-one
hydrochloride The title compound was prepared
according to steps 5 and 6 of example 1. 



1H-NMR (300 MHz, DMSOd 6) d = 1.9-2.35 (m, 4H, 2xCH 2)
, 2.6-3.1 (m, 4H, 2xCH 2) , 3.3 (s, 1H, CH3) , 3.6 (m,
1H, CH), 3.7 (m, 2H CH2) , 5.2 (m, 1H, CH), 7.4-7.1
(m, 4H, aryf-H), 8.08-8.25 (m, 4H, aryl-H), 8.4 (m,
3H, NH3) . Example 32 Step 1 - 4 2-(5-(/
:?)-Pyrrolidin-2-yl-ri .2. 41oxadiazol-3-yl)-pyridine
hydrochloride Steps 1 - 4 were performed according to
the procedures described for example 1 with the
exception that (R)-pyrrolidine-1,2-dicarboxylic acid
1-te/f-butyl ester was used instead of
(S)-pyrrolidine-1,2-dicarboxylic acid 1-fe/ -butyl
ester.1H-NMR (300 MHz, CDCl3 + DMSO-Ci6) d = 2.21 (m,
2H, CH2) , 2.42 (m, 1H, CH), 2.6 (m, 1H, CH), 3.44 (m,
2H, CH2) , 5.22 (m, 1H, CH), 7.6 (ddd, 1H, py-H), 8.02
(ddd, 1H, py-H), 8.16 (ddd, 1H, py-H), 8.78 (dd, 1H,
py-H), 10.5 (s, 2H, NH2) . Step 5 and 6
(R)-3-Amino-4-f2-fluoro-phenyl)-1-r(<
[:?)-2-(3-pyridin-2-yl-ri,2,41oxadiazol-5-yl)-
pyrrolidin-1 -yli-butan-1 -one hydrochloride The title
compound was prepared according to steps 5 and 6 of
example 1. 1H-NMR (300 MHz, DMSO-d6) d = 2.0 (m, 2H,
NH2) , 1.9-2.8 (m, 8H, 4xCH2) , 3.6 (m, 2H, CH2) , 3.8
(m, 1H, CH), 5.22 (m, 1H, CH), 6.9-7.4 (m, 4H,
aryl-H), 7.6 (m, 1H, py-H), 7.82-8.2 (m, 2H, py-H),
8.8 (dd, 1H, py-H). Example 33 Step i
(S)-2-(L/-Hvdroxycarbamimidoyl)-pyrrolidine-1-carboxyl
ic acid ferf-butyl ester 10.0 g (51.0 mmol, 1.00 eq)
of (S)-2-cyano-pyrrolidine-1-carboxylic acid
terf-butyl ester are dissolved in 250 ml_ of methanol.
Then 10.6 g (76.4 mmol, 1.50 eq) of potassium
carbonate followed by 7.08 g (101 mmol, 2.00 eq) of
hydroxylamine hydrochloride are added, and the
reaction mixture is refluxed for 8 h. Afterwards the
solvent isevaporated, and the residue is taken up in a
mixture of water and dichloromethane. The organic
layer is separated and extracted three times with 5 %
citric acid solution. The combined aqueous extracts
are treated with saturated sodium bicarboante solution
until a basic pH is reached, and are extracted three
times with a 3:1 mixture of chloroform and
/so-propanol. The combined organic extracts are dried
with sodium sulphate, filtered and evaporated under
reduced pressure. The amidoxime product could be
isolated in form of a colorless solid. LC/MS (I): rt
1.52; m/z 230 [M+H]+, 271 [M+MeCN]+. Step 2
(S)-2-r5-(1-Trifluoromethyl-cvclopropyl)-ri,2,4loxadia
zol-3-vn-pyrrolidine-1-carboxylic acid fe/f-butyl
ester To a solution of 8.10 g (35.3 mmol, 1.00 eq) of
(S)-2-(L/-hydroxycarbamimidoyl)-
pyrrolidine-1-carboxylic acid ferf-butyl ester and
5.99 g (38.9 mmole, 1.10 eq) of 1-
trifluoromethylcyclopropane-1-carboxylic acid in 350
ml_ of dichloromethane, 6.62 ml_ (42.4 mmol, 1.20 eq)
of 1,3-di-/so-propylcarbodiimide is added. The
reaction mixture is stirred at room temperature, and
after 3 h the solvent is evaporated. The residue is
taken up in 350 ml_ of pyridine and refluxed for 8 h.
Then the pyridine is evaporated and the residue is
subjected to column chromatography (silica gel,
eluent: cyclohexane: ethyl acetate = 50:50) to afford
the title compound. LC/MS (I): rt 4.31; m/z 248 [M+Hf
, 289 [M+MeCN]+.b-fSVPyrrolidin^-yl-
d-d-trifluoromethyl-cyclopropy p-fi . ioxadiazole
trifluoroacetic acid salt 10.6 g (31 .8 mmol, 1.00 eq)
of (S)-2-[5-(1-trifluoromethyl-cyclopropyl)-[1
,2,4]-oxadiazoi- 3-yl]-pyrrolidine-1-carboxylic acid
fe/f-butyl ester are dissolved in 100 mL of
dichloromethane and the reaction mixture is cooled to
0C with an ice bath. Then 50 mL of trifluoroacetic
acid is added and the solution is stirred for 2 h,
while the temperature is allowed to warm to rt. Then
10 mL of toluene is added and the solvents are
evaporated. The crude product is taken ahead to the
next step without any purification. LC/MS (I): rt
1.76; m/z 289, 333, 348 [M+Hf. Step 4
((/?)-3-Oxo-1-(2,4.5-trifluoro-benzyl)-3-((S
')-2-r5-(1-trifluoromethyl-cvclopropyn-
|1,2,41oxadiazol-3-vn-Pyrrolidin-1-yl}-propyl)-carbami
c acid fe/f-butyl ester 10.6 g (31 .8 mmol, 1.00 eq)
of
(R)~3-terf-butoxycarbonylamino-4-(2,4,5-trifluoropheny
l)- 



butyric acid are dissolved in 100 mL of L/
,L/-dimethylformarnide, and 11.8 mL (79.5 mmol, 2.50
eq) triethylamine followed by 9.14 g (47.7 mmol, 1.50
eq) of 1-hydroxybenzotriazole and 9.14 g (47.7 mmol,
1.50 eq) of 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride are added subsequently. The
resulting solution is stirred at rt for 30 min. Then,
a solution of the crude product of step 3 and 11.8 mL
(79.5 mmol, 2.50 eq) of triethylamine in 100 mL of L/
,L/-dimethylformamide is added. After stirring is
continued overnight (10 h) the reaction mixture is
diluted with brine and extracted three times with
ethyl acetate. The combined organic layers are washed
with 5 % citric acid solution, saturated sodium
bicarbonate solution and brine. The organic layer is
dried with sodium sulphate, filtered and evaporated
under reduced pressure. The product can be further
purified by column chromatography (silica gel,
cyc/o-hexane:ethyl acetate = 50:50). The title
compound can be isolated in form of a colorless
solid.LC/MS (I): rt 4.61; m/z 463, 507, 563 [M+Hf, 585
[M+Na]+. Step 5
(RVS-Amino-i-^S^-rS-d-trifluoromethyl-cvclopropy p-fi.
^joxadiazol-S-vn-pyrrolidin-
1-yl)-4-(2,4,5-thfluoro-phenv p-butan-1-one
hydrochloride 15.5 g (27.6 mmol, 1.00 eq) of
((ft)-3-oxo-1-(2,4,5-trifluoro-benzy))-3-{(S)-2-[5-(1-
trifluoromethyl-cyclopropyl)-[1,2,4]oxadiazol-3-yl]-py
rrolidin-1-yi}-propyl)-carbamic acid fert-butyl ester
are dissolved in 200 ml_ of 1,4-dioxane and at 0C a 4M
solution of hydrochloric acid in 1,4-dioxane is added.
The reaction mixture is stirred for 6 h, while it is
allowed to warm to rt. Then the solvent is evaporated
and the residue is dried in vaccum. The final compound
is isolated as a colourless solid which is purified by
preparative HPLC. LC/MS (III): rt 8.36; m/z 463 [M+H]+
485 [M+Na]+, 504 [M+MeCN] +. 1H-NMR (400 MHz, DMSO-d
6) d = 1.65-1.81 (m, 4H, 2xCH 2) , 1.83-2.01 (m, 4H,
2xCH, CH2) , 2.20-2.27 (m, 1H, CH), 2.76-2.80 (m, 2H,
CH2) , 3.40-3.62 (m, 4H, 2xCH2) , 5.08- 5.25 (m, 1H,
CH), 7.40-7.52 (m, 2H, aryl-H), 8.21 (s, 1H, HCOOH)
Example 34 (ffl-3-Amino-1-r(
'S)-2-(5-cvclopropyl-ri.2,41oxadiazol-3-vn-pyrrolidin-
1-v p-4-(r2.4,5- trifluoro-phenyl)-butan-1-one formate
salt The title compound can be prepared according to
the procedure described for example 33 for steps 1-5
by using cyclopropanecarboxylic acid in step 2. LC/MS
(III): rt 6.78; m/z 395 [M+H]+, 436 [M+H+MeCN]
+.1H-NMR (400 MHz, DMSO-d6) d = 1.00-1.09 (m, 2H, CH2)
, 1.18-1 .28 (m, 2H, CH2) , 1.82-2.05 (m, 3H, CH, CH2)
, 2.16-2.33 (m, 2H, CH2) , 2.42-2.77 (m, 3H, CH, CH2)
, 3.41- 3.51 (m, 4H, 2xCH2) , 5.00-5.15 (m, 1H, CH),
7.45-7.51 (m, 2H, aryl-H), 8.19 (s, 1H, HCOOH).
Example 35 f/?)-3-Amino-MfS)-2-r5-
-fluoro-1--methv[-ethvn-ri.2.41oxadia2ol-3-yl1-pyrroli
din-1-ylV 4-(2,4,5-trifluoro-phenvD-butan-1-one The
title compound can be prepared according to the
procedure described for example 33 for steps 1-5 by
using 2-fluoro-2-methyl-propionic acid in step 2.
LC/MS (III): rt 7.16; m/z 415 [M+H]+, 437 [M+Na]+, 456
[M+H+MeCNf. 1H-NMR (400 MHz, DMSO-d6) d = 1.72-1.82
(dd, 6H, 2xCH3) , 1.82-2.00 (m, 2H, CH2) , 2.21-2.26
(m, 2H, CH2) , 2.70-2.78 (m, 2H, CH2) , 2.85-2.87 (m,
2H, CH2) , 3.47-3.63 (m, 3H, CH, CH2) , 5.10-5.30 (m,
1H, CH), 7.48-7.52 (m, 2H, aryl-H), 8.13 (s, 1H,
HCOOH). Example 36 (R)-3-Amino-1-f(
'S)-2-r5-(5-fluoro-pyridin-2-yl)-ri,2,41oxadiazol-3-v
p-Pyrrolidin-1-ylV4-
(2.4,5-trifluoro-phenyl')-butan-1-one formate salt The
title compound can be prepared according to the
procedure described for example 33 for steps 1-5 by
using 5-fiuoro-pyridine-2-carboxylic acid in step 2.
LC/MS (III): rt 7.93; m/z 450 [M+H]+, 491 [M+H+MeCN]
+.1H-NMR (400 MHz, DMSOd 6) d = 1.94-2.16 (m, 4H,
2xCH2) , 2.24-2.40 (m, 2H, CH2) , 2.57-2.79 (m, 2H
CH2) , 2.85-2.87 (m, 2H, CH2) , 3.37-3.66 (m, 3H, CH,
CH2) , 5.17-5.34 (m, 1H, CH), 7.42-7.54 (m, 2H,
aryl-H), 7.97-8.05 (m, 1H, py-H), 8.12 (s, 1H, HCOOH),
8.24-8.32 (m, 1H, py-H), 8.81-8.86 (m, 1H, py-H).
Example 37 Step 1 1-Fluoro-cyclopropanecarboxylic acid
ferf-butyl ester 



500 mg (3.42 mmol, 1.00 eq) of 2-fluoro-acrylic acid
ferf-butyl ester are dissolved in 15 ml_ of
dichloromethane. The solution is cooled to -30 C and
15 ml_ ( 16.0 mmol, 4.80 eq) of a 1.1 M solution of
diethylzinc in toluene followed by 2.5 ml_ (34.2 mmol,
10.0 eq) of chloroiodomethane is added. The reaction
mixture is stirred for 3 h between -40 and -25 0C, and
2 h as it warms to 10C. To the reaction mixture
saturated ammonium chloride solution is added
carefully. The solution is stirred for 5 min. and
diluted with diethyl ether. After extraction, the
organic layer is washed with water and brine, dried
with sodium sulphate, filtered and evaporated until 14
ml_ of organic layer remained in the flask. The
solution is taken in the next step without any
purification. Step 2 1-Fluoro-cyclopropanecarboxylic
acid To the solution of step 1, 2.50 g (104.0 mmol,
30.0 eq) of lithium hydroxide dissolved in 20 mL of
water is added and the reaction mixture is refluxed
overnight (16 h). The reaction mixture is cooled to
room temperature, acidified with concentrated
hydrochloric acid until pH = 1 could be obtained. The
aqueous layer is extracted threetime with diethyl
ether and the organic layers are dried with sodium
sulphate, filtered and evaporated until 14 mL of
organic layer remained in the flask. The solution is
taken in the next step without any purification. Step
3 (S)-2-F5-(1 -Fluoro-cyclopropyD- p
,2,4loxadiazol-3-yll-pyrrolidine-1 -carboxylic acid
tertbutyl ester To a solution of 430 mg ( 1 .87 mmol,
1.00 eq) of (S)-2-(L/-hydroxycarbamimidoyl)-
pyrrolidine-1 -carboxylic acid fe/f-butyl ester (see
example 33, step 1) in 20 mL of dichloromethane, 14 mL
of a solution of 1-fluorocyclopropane-1 -carboxylic
acid (Step 2) and 600 mL (3.74 mmol, 2 eq) of L/
,L/'-di/sopropylcarbodiimide is added. The reaction
mixture is stirred at room temperature, and after 24 h
the solvent is evaporated. The residue is purified by
flash chromatography (silica gel, eluent:
dichloromethane: methanol = 1:0 to 1:1). 70 mg (0.22
mmol) of the O-acyl amidoxime is dissolved in 5.00 mL
of pyridine and the solution is heated at 117C for 3
h. The reaction mixture is diluted with
dichloromethane and washed with 5 % citric acid
solution, saturated sodium bicarbonate solution and
brine. The organic layer is dried with sodium
sulphate, filtered and evaporated under reduced
pressure. The crude product is taken in the next step
without any purification. LC/MS (I): rt 3.50; m/z 241
, 297 [M+H]+, 360.
3-(S)-Pyrrolidin-2-yl-5-f1-fluoro-cyclopropy
p-ri,2,4loxadiazole trifluoro-acetic acid salt To a
solution of 45 mg (0.15 mmol, 1.00 eq) of
(S)-2-[5-(1-fluoro-cyclopropyl)-[1,2,4]-
oxadiazol-3-yl]-pyrrolidine-1 -carboxylic acid
ferf-butyl ester in 2 mL of dichloromethane,800 mL of
trifluoroacetic acid is added. The reaction mixture is
stirred at room temperature, and after 2 h the solvent
is evaporated. Then 1 mL of toluene is added and the
solvent is evaporated. The crude product is taken in
the next step without any purification. LC/MS (I): rt
1.42; m/z 197 [M+H]+, 238 [M+MeCNf. Step 5
((ffl-3-Oxo-1-(2,4,5-trifluoro-benzyl)-3-{(S)-2-r5-(1-
fluoro-cvclopropyO-ri,2,4loxadiazol-
3-vp-pyrrolidin-1-yl}-propyl)-carbamic acid ferf-butyl
ester 42 mg (0.12 mmol, 1.00 eq) of
(ft)-3-ferf-butoxycarbonylamino-4-(2,4,5-trifluorophen
yl)- butyric acid are dissolved in 1 mL of L/
,L/-dirnethylformamide, and 67 mL (0.50 mmol, 4.00 eq)
diisopropylethylamine followed by 25.7 mg (0.19 mmol,
1.50 eq) of 1-hydroxybenzotriazole and 36 mg (0.19
mmol, 1.50 eq) of 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride are added subsequently. The
resulting solution is stirred at rt for 5 min. Then, a
solution of the crude product of step 4 in 1 mL of
L/,L/-dimethylformamide is added. After stirring is
continued overnight (18 h) and the reaction mixture is
diluted with diethyl ether and washed with 1 M
hydrochloric acid solution, water and brine. The
organic layer is dried with sodium sulphate, filtered
and evaporated under reduced pressure. The product is
purified by column chromatography (silica gel,
cyc/o-hexane: ethyl acetate = 3:1 to 0:1) to give the
title compound. LC/MS (I): rt 4.14; m/z 412, 456, 512
[M+H]+, 534
[IvHNa]+.(ffl-3-Amino-1-{(S)-2-r5-(1-fluoro-cvclopropy
l)-ri ,2,41oxadiazol-3-vn-pyrrolidip-1-yll-4-
(2,4,5-trifluoro-phenyl)-butan-1-one formate salt 



To a solution of 40 mg (0.07 mmol, 1.00 eq) of
((/?)-3-oxo-1-(2,4,5~trifluoro-benzyl)-3-
{(S)-2-[5-(1-fluoro-cyclopropyl)-[1,2,4]oxadiazol-3-yl
]-pyrrolidin-1-yl}-propyl)-carbamic acid te/f-butyl
ester (Step 5) in 2 ml_ of dichloromethane, 600 mL of
trifluoroacetic acid is added. The reaction mixture is
stirred at room temperature, and after 1 h the solvent
is evaporated. Then 1 ml_ of methanol is added, the
solution is filtered and the solvent evaporated. The
crude product is purified by preparative LC/MS to
yield the title compound. LC/MS (I): rt 2.34; m/z 412
[M+H]+, 453 [M+H+MeCN]+. 1H-NMR (400 MHz, DMSOd 6) d =
1.08-1.15 (m, 4H, 2xCH2 propyl), 1.79-2.31 (m, 5H, CH,
CH2) , 2.62-2.85 (m, 2H, CH2) , 3.26-3.71 (m, 4H, CH,
CH2) , 4.84-4.93 (m, 1H, CH), 7.40-7.54 (m, 2H,
aryl-H), 8.14 (s, 1H, HCOOH), 8.15-8.34 (dd, 1H, NH).
Example 38 Stepi Ac2O, reflux
1-Acetoxy-cvclopropanecarboxylic acid 100 mg (1.00
mmol, 1.00 eq) of 1-hydroxy-cyclopropanecarboxylic
acid is heated to reflux in 1.00 mL of acetic
anhydride for 90 min. The mixture is cooled to 80 C
and water is added. The solvent is removed under
reduced pressure and the crude product is
recrystallized from diethyl ether to yield the title
compound.Steps 2 - 3
(S)-2-r5-(1-Acetoxy-cvclopropyl)-ri .
Ioxadiazol-S-yli-pyrrolidine-i-carboxylic acid
tertbutyl ester 16 mg (0.11 mmol, 1.10 eq) of
1-acetoxy-cyclopropanecarboxylic acid and 23 mg (0.10
mmol, 1.00 eq) of
(S)-2-(L/-hydroxycarbamimidoyl)-pyrrolidine-1-carboxyl
ic acid tertbutyl ester (example 33, step 1) are
dissolved in 4 mL of dichloromethane and 18.9 ml_
(0.12 mmol, 1.20 eq) L/,L/'-diisopropylcarbodiimide
are added. The resulting mixture is stirred for 3 h at
room temperature, afterwards the solvent is evaporated
and the residue is heated to reflux in 2 mL of
pyridine for 12 h. The solvent is again evaporated and
the crude product is purified by column chromatography
on silica gel (cyclohexane: ethyl acetate 50:50) to
yield the title compound. LC/MS (I): rt 3.95; m/z 279,
282, 360 [IvHNa]+, 401 [M+Na+MeCNf . Step 4
(S)-2-r5-(1-Hvdroxy-cyclopropy p-p
,2,4loxadiazol-3-yl]-pyrrolidine-1-carboxylic acid
tertbutyl ester 10 mg (0.04 mmol, 1.00 eq) of
(S)-2-[5-(1-acetoxy-cyclopropyl)-[1,2,4]oxadiazol-3-yl
]- pyrrolidine-1-carboxylic acid te/f-butyl ester
(Step 3) are dissolved in 1 mL of methanol and 0.25 mL
of a 10 % aqueous potassium carbonate solution is
added. The resulting mixture is stirred for 90 min at
room temperature. Afterwards the solvent is
evaporatedand the crude product is purified by column
chromatography on silica gel (cyclohexane: ethyl
acetate = 50:50) affording the title compound. LC/MS
(1): rt 3.18; m/z 237, 240, 318 [M+Na] +, 359
[M+Na+MeCN] +. Steps 5-7
(f?)-3-Amino-1-f(S)-2-f5-(1-hydroxy-cvclopropyl)- p
,2,41oxadiazol-3-yl]-pyrrolidin-1-yl>-4-
(2,4,5-trifluoro-phenyl)-butan-1-one formate salt The
title compound can be prepared by employing the
deprotection, peptide coupling and deprotection
sequence described for example 33, steps 3-6 with
(S)-2-[5-(1-
hydroxy-cyclopropyl)-[1,2,4]oxadia2ol-3-yl]-pyrrolidin
e-1-carboxylic acid ferf-butyl ester from step 4.
LC/MS (IV): rt 3.09; m/z 411 [M+H]\ 433 [IVH-Na]+, 452
[M+MeCNf. Example 39 Step 1 Jones reagent, acetone
S-Methyl-oxetane-S-carboxylic acid 400 mL (4.05 mmol,
1.00 eq) of 3-methyl-3-oxetan-methanol is dissolved in
20 mL of acetone. The solution is cooled to 00C and an
acidic aqueous solution of chromium trioxide (2.5 g
CrO3 dissolved in a mixture of 2.5 mL of sulphuric
acid and 7.5 mL of water) is added dropwise via a
dropping funnel until the yellow colour of the
reaction mixture persists. After stirring has been
continued for 2.5 h at room temperature the reaction
is quenched with isopropanol, the mixture is filtered
and the filitrate isevaporated. The residue is taken
up in dichloromethane, washed with brine, dried over 



sodium sulphate and the solvent is removed under
reduced pressure to yield the title compound. 1H-NMR
(400 MHz, DMSOd 6) d = 1.46 (s, 3H, CH3) , 4.26 (d,
2H, CH2) , 4.71 (d, 2H, CH2) , 12.7 (s, 1H COOH).
Steps 2-7
(ffl-3-Amino-1-{(S)-2-r5-(3-methyl-oxetan-3-yl)- p
,2,41oxadiazol-3-vn-pyrrolidin-1-yl>-4-
(2,4,5-trifluoro-phenyl)-butan-1-one formate salt The
title compound can be prepared according to example
33, steps 1-6 by using 3- methyl-oxetane-3-carboxylic
acid from step 1 as starting material. LC/MS (III): rt
6.44; m/z 425 [M+H]+, 447 [M+Na]+, 466 [M+H+MeCN] +.
1H-NMR (400 MHz, DMSO-d6) d = 1.69-1.75 (d, 3H, CH3) ,
1.87-2.02 (m, 3H, CH, CH2) , 2.19-2.24 (m, 1H, CH),
2.53-2.91 (m, 4H, 2xCH2) , 3.41-3.65 (m, 3H, CH, CH2)
, 4.50- 4.56 (m, 2H, OCH2) , 4.81-4.87 (m, 2H, OCH2) ,
5.10-5.25 (m, 1H, CH), 7.45-7.52 (m, 2H, aryl-H), 8.14
(s, 1H, HCOOH). Example 40Step i
te/f-Butoxy-r(S)-2-(5-chloro-1/-/-benzoimida2ol-2-yl)-
pyrrolidin-1-vn-methanol 100 mg (0.50 mrnol, 1.00 eq)
of (S)-2-formyl-pyrrolidine-1-carboxylic acid
te/f-butyl ester and 72.0 mg (0.50 mmol, 1.00 eq) of
2-amino-4-chloroan i ine are dissolved in ethanol and
heated under an air atmosphere to 6O0C for 2 days. The
resulting solution is evaporated under reduced
pressure and the crude product is purifed by flash
chromatography (silica gel, eluent:
dichloromethane:methanol = 98:2) to yield the title
compound. LC/MS (I): rt 2.09; m/z 322 [M+H]+. Step 2
5-Chloro-(S)-2-pyrrolidin-2-yl-1/-/-benzoimidazole
trifluoroacetic acid salt 36.4 mg (1 13 mmol, 1.00 eq)
of the compound from step 1 is dissolved in 1.00 mL of
dichloromethane and at O0C 0.50 mL trifluoroacetic
acid is added to the mixture. The solution is allowed
to warm to room temperature and after 1 h the solvents
are evaporated to yield the title compound. The crude
product is used without further purification in step
3.Step 3 (ffl-r3-rfS)-2-(5-Chloro-1H-benzoimidazol-2-v
p-pyrrolidin-1-vn-1-(2-fluoro-benzvn-3- oxo-propyll-
carbamic acid te/f-butyl ester 19.1 mg (141 mmol, 1.50
eq) of 1-hydroxybenzotriazole, 47.3 ml_ (34.3 mg, 339
mmol, 3.60 eq) triethylamine and 27.1 mg (141 mmol,
1.50 eq) of 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride are added to a stirred
solution of 28.0 mg (94.0 mmol, 1.00 eq) of
(R)-3-terf-butoxycarbonylamino-4-(2-fluoro-phenyl)-but
yric acid in 1.00 ml_ of L/ ,L/-dimethylformamide. The
reaction mixture is stirred for 15 min. at room
temperature. Then a solution of 37.9 mg (113 mmol,
1.20 eq) of the crude deprotected pyrrolidine compound
from step 2 in 1.00 ml_ of L/,L/-dimethylformamide is
added. The resulting solution is stirred for 12 h,
then poured into brine and diluted with water. The
aqueous mixture is extracted 3 times with ethyl
acetate and the combined organic layers are washed
with 5 % citric acid solution, saturated sodium
bicarbonate solution, brine and are dried with sodium
sulphate. The solvent is evaporated and the residue is
subjected to flash chromatography (silica gel, eluent:
cyc/o-hexane;ethyl acetate = 1:1) to yield the title
compound. LC/MS (I): rt 2.56; m/z 501 [M+Hf. Step
4(/:?)-3-Amino-1-ffS)-2-f5-chloro-1H-benzoimidazol-2-y
l)-pyrrolidin-1-yll-4-(2-fluorophenyl)- butan-1-one
trifluoroacetic acid salt The purified compound from
step 3 is dissolved in 1.00 mL of dichloromethane. The
solution is cooled to 0C and 0.50 mL of
trifluoroacetic acid is added. The reaction mixture is
allowed to warm to room temperature and after 30 min.
the solvent is evaporated to yield the crude title
compound, which is purified by preparative LC/MS.
LC/MS (I): rt 1.91; m/z 401 [M+H]+. 1H-NMR (300 MHz,
DMSOd 6) d = 2.02-2.08 (m, 3H, CH, CH2) , 2.30-2.31
(m, 1H, CH), 2.63 (m, 2H, CH2) , 2.90-3.00 (m, 2H,
CH2) , 3.50-3.60 (m, 3H, CH, CH2) , 5.18 (m, 1H, CH),
7.03-7.33 (m, 5H, aryl-H), 7.51-7.59 (m, 2H, aryl-H),
7.92 (m, 3H, NH). Example 4 1 



Step 1 (S)-Pyrrolidine-1,2-dicarboxylic acid
1-ferf-butyl ester 2-(2-oxo-2-phenyl-ethyl) ester 50
mg (0.23 mmol, 1.00 eq) of
(S)-pyrrolidine-1,2-dicarboxylic acid 1-ferf-butyl
ester is dissolved in 1 mL of toluene, and 31.8 mg
(0.21 mmol, 0.90 eq) of 1,8-
diazabicyclo[5.4.0]-undec-7-ene followed by 34.7 mg
(0.17 mmol, 0.80 eq) of 2- bromoacetophenone is added
to the solution. After stirring for 2 h at room
temperature the reaction mixture is diluted with ethyl
acetate and washed with 10% aqueous citric acid
solution, saturated sodium bicarbonate solution and
brine. The organic layer is dried with sodium
sulphate, evaporated to yield the title compound.
LC/MS (I): rt 4.22; m/z 234, 276, 356 [M+Na]+, 397
[M+Na+MeCNf.Step 2 NH4OAc, toluene
(S)-2-(5-Phenyl-1H-imidazol-2-yl)-pyrrolidine-1-carbox
ylic acid ferf-butyl ester 116 mg (0.35 mmol, 1.00 eq)
of (S)-pyrrolidine-1 ,2-dicarboxylic acid 1-fe/f-butyl
ester 2- (2-oxo-2-phenyl-ethyl) ester (Step 1) and 268
mg (3.50 mmol, 10.0 eq) of ammonium acetate are
dissolved in 3 ml_ toluene and heated in a bomb tube
for 18 h. Afterwards the mixture is filtered and the
filtrate is evaporated under reduced pressure. The
residue is purified by column chromatography on silica
gel (cyc/o-hexane:ethyl acetate 50:50) to yield the
title compound. LC/MS (1): rt 2.29; m/z 258, 314
[M+Hf, 355 [M+H+MeCN]\ 377 [M+Na+MeCN] +. Steps 3 - 6
(ffl-3-Amino-4-(2-fluoro-phenyl)-1-((S)-2-(5-r(a-((Z)-
1-propenvn-buta-1,3-dienvn-1Himidazol-
2-yl)-pyrrolidin-1-yl)-butan-1-one formate salt The
title compound can be prepared by employing the
deprotection, peptide coupling and deprotection
sequence described for example 12, steps 4-6 with
(S)-2-(5-phenyl-
1W-imidazo!-2-y!)-pyrrolidine-1-carboxylic acid
tert-buty] ester from step 2. LC/MS (IV): rt 6.59; m/z
393 [M+Hf, 415 [IVB-Na]+. 1H-NMR (400 MHz, DMSO-d s) d
= 1.85-2.33 (m, 5H, CH, 2xCH 2) , 2.87-2.91 (m, 2H,
CH2) , 3.39-3.43 (m, 2H, CH2) , 3.54-3.58 (m, 2H1 CH2)
, 4.99-5.08 (m, 1H, CH), 7.13- 7.39 (m, 7H, aryl-H),
7.51 (s, 1H, aryl-H), 7.67-7.75 (m, 2H1 aryl-H), 8.21
(s, 1H, HCOOH).Example 42 Step i
(S)-2-Ethynyl-pyrrolidine-1-carboxylic acid fe/f-butyl
ester To a solution of 289 mg (1.20 mmol, 1.20 eq) of
4-acetylamino-benzenesulphonyl azide 416 mg (3.01
mmol, 3.00 eq) of potassium carbonate and 165 ml_
(1.20 mrnol, 1.20 eq) of (2-oxo~propyl)-phosphonic
acid dimethyl ester are added and the resulting
mixture is stirred for 4 h at room temperature.
Afterwards 200 mg (1.00 mmol, 1.00 eq) of (S)-2-
formyl-pyrrolidine-1-carboxylic acid terf-butyl ester
dissolved in 3 ml_ methanol is added and the reaction
is stirred for 14 h at room temperature. Then the
solvent is evaporated and the residue is taken up in a
1:1 mixture of diethyl ether and water. The water
phase is separated and extracted 3 times with diethyl
ether. The combined organic phases are dried with
sodium sulphate, evaporated under reduced pressure and
the residue is purified by column chromatography on
silica gel (cyc/o-hexane:ethyl acetate 90:10) to yield
the title compound. LC/MS (I): rt 5.09; m/z 196
[M+H]+, 237 [IvHMeCN]+.Step 2 DMF, reflux
(S)-2-(1-Phenyl-1/-/-f1,2,31triazol-4-yl)-pyrrolidine-
1-carboxylic acid fe/f-butyl ester 104 mg (0.53 mmol,
1.00 eq) of (S)-2-ethynyl-pyrroIidi pe-1-carboxylic
acid butyl ester and 64 mg (0.53 mmol, 1.00 eq) of
phenylazide (freshly prepared according to Q. Lin, Y.
Tor, Org. Lett. 2003, 5, 14, 2571-2572.) are dissolved
in 2 ml_ of N Ndimethylformamide, and the mixture is
heated to 15O0C for 90 min. After cooling to room
temperature the reaction solution is diluted with
ethyl acetate and washed with brine, saturated sodium
bicarbonate solution, water and brine, again. The
organic layer is dried with sodium sulphate,
evaporated, and the crude mixture is purified by
column chromatography on silica gel
(cyc/o~hexane:ethyl acetate 70:30) to afford the pure
title compound. LC/MS (I): rt 3.99; m/z 259, 315
[M+H]+, 378 [M+Na+MeCN] +. 1H-NMR (400 MHz, DMSO-d6) d
= 1.21-1.38 (d, 9H, CH3) , 1.90-2.27 (m, 4H, 2xCH2) , 



3.30-3.51 (m, 4H, 2xCH2) , 4.93-5.00 (m, 1H,
CH)17.45-7.49 (m, 1H, aryl-H), 7.57-7.61 (m, 2H,
aryl-H), 7.88-7.91 (m, 2H, aryl-H), 8.63 (d, 1H,
triazole-H). Steps 3-5
(R)-3-Amino-4-(2-fluoro-phenyl)-1-((S)-2-C1-r(a-((Z)-1
-propenvn-buta-1,3-dienyll-1/-/-
f1,2,31triazol-4-yl)-pyrrolidin-1-yl)-butan-1-one
formate salt The title compound can be prepared by
employing the deprotection, peptide coupling and
deprotection sequence described for example 12, steps
4-6 with (S)~2-(1-phenyl-
1W-[1,2,3]triazol-4-yl)-pyrrolidine-1-carboxylic acid
fe/f-butyl ester from step 2.LC/MS (IV): rt 4.34; m/z
394 [M+H]+, 416 [M+Na]+. 1H-NMR (400 MHz, DMSO-d6) d =
1.85-2.05 (m, 3H, CH, CH2) , 2.1 1-2.31 (m, 1H, CH),
2.55-2.60 (m, 2H, CH2) , 2.65-2.92 (m, 2H, CH2) ,
3.34-3.41 (m, 2H, CH2) , 3.56-3.63 (m, 2H, CH2) ,
5.14-5.23 (m, 1H, CH), 7.09-7.16 (m, 2H, aryl-H),
7.25-7.31 (m, 2H, aryl-H), 7.46-7.48 (m, 1H, aryl-H),
7.55-7.62 (m, 2H, aryl-H), 7.81 (d, 1H, aryl-H), 7.89
(d, 1H, aryl-H), 8.16 (s, 1H, HCOOH), 8.62 (d, 1H,
triazole-H). Example 43 Step 1
(S)-2-Methoxycarbonimidoyl-pyrrolidine-1-carboxylic
acid te/f-butyl ester 34 mg (1.49 mmol, 1.10 eq) of
sodium is dissolved in 10 ml_ of methanol. Afterwards
265 mg (1.35 mmol, 1.00 eq) of
(S)-2-cyano-pyrrolidine-1-carboxylic acid te/f-butyl
ester is added and the resulting solution is stirred
for 14 h at room temperature. Then freshly prepared
Dowex-resin is added to the reaction until an acidic
pH is reached. The resin is filtered off and the
filtrate is evaporated. The residue is taken up in
diethyl ether, the mixture is filtered, and the
filtrate is evaporated to yield the title compound
which is used in the next step without further
purification.Steps 2 - 3 (S)-2-(1-Phenyl-1/-/- p
,2,4ltriazol-3-yl ')-pyrrolidine-1-carboxylic acid
ferf-butyl ester 310 mg ( 1 .36 mmol, 1.00 eq) of
(S)-2-methoxycarbonimidoyl-pyrrolidine-1-carboxylic
acid fe/f-butyl ester (Step 1) is dissolved in 5 ml_
of methanol and 135 ml_ (1.36 mmol, 1.00 eq) of
phenylhydrazine and 522 ml_ (4.07 mmol, 3.00 eq) of
triethylamine is added. The resulting solution is
stirred for 3 days at room temperature and the solvent
is evaporated. The residue is taken up in 5 ml_ of
triethylorthoformate, treated with 250 ml_ (62.5 mmol,
46.0 eq) pyridine and stirred for 10 h at room
temperature. After heating the reaction for 2 h to
1200C the solvent is evaporated and the residue is
taken up in dichloromethane. The organic solution is
washed with 10% aqueous citric acid solution,
saturated sodium bicarbonate solution and brine, dried
with sodium sulphate and evaporated under reduced
pressure. The residue is purified by column
chromatography on silica gel (cyclo-hexane:ethyl
acetate 50:50) to achieve the pure title compound.
LC/MS (I): rt 3.92; m/z259, 315 [M+H]+, 378
[M+Na+MeCN]+. 1H-NMR (400 MHz, DMSOd 6) d = 1.13-1.30
(d, 9H, CH3) , 1.84-2.08 (m, 4H, 2xCH2) , 3.24-3.50
(m, 4H, 2xCH2) , 4.83-4.92 (m, 1H, CH), 7.36-7.39 (m,
1H, aryl-H), 7.50-7.55 (m, 2H, aryl-H), 7.79-7.81 (m,
2H, aryl-H), 9.14-9.17 (d, 1H, triazole-H).Steps 4 - 7
fR)-3-Amino-4-(2-fluoro-phenvO-1-ffS)-2-l1-rfa-ffZ)-1-
pr Qpenvn-buta-1.3-dienv p-1 - p
,2,41triazol-3-yl)-pyrrolidin-1-yl)-butan-1-one
formate salt The title compound can be prepared by
employing the deprotection, peptide coupling and
deprotection sequence described for example 12, steps
4-6 with from step 2 . LC/MS (IV): rt 4.52; m/z 394
[M+H]+. 1H-NMR (400 MHz, DMSOd 6) d = 1.89-2.31 (m,
5H, CH, 2xCH2) , 2.65-2.88 (m, 2H, CH2) , 3.39-3.63
(m, 4H, 2xCH2) , 5.06-5.15 (m, 1H, CH), 7.07-7.31 (m,
5H, aryl-H), 7.41-7.56 (m, 2H, aryl-H), 7.74-7.83 (m,
2H, aryl-H), 8.19 (s, 1H, HCOOH), 9.16 (d, 1H,
triazole-H). Example 44 Step 1
(S)-2-(5-Phenyl-4H-ri.2,4ltriazol-3-vO-pyrrolidine-1-c
arboxylic acid fetf-butyl ester 111 mg (566 mmol, 1.00
eq) of (S)-2-cyano-pyrrolidine-1-carboxylic acid
te/f-butyl ester, 77 mg (566 mmol, 1.00 eq) of benzoic
acid hydrazide and 117 mg (848 mmol, 1.50 eq) of
potassium carbonate are heated to reflux in 4 ml_ of
methanol for 18 h. Afterwardsthe solvent is evaporated
and the product mixture is separated by column
chromatography on silica gel (cyc/o-hexane:ethyl
acetate 30:70) thus yielding the title compound. LC/MS
(I): 15-95 gradient rt 2.25; m/z 315 [M+H]+, 356
[M+MeCNf, 378 



[M+Na+MeCN] +. Steps 2-4
(/R)-3-Amino-4-(2-fluoro-phenyl)-1-((S)-2-{5-r()-((Z)-
1-propenyl)-buta-1,3-dienyll-4Hri
,2,4ltriazol-3-yl}-pyrrolidin-1-yl)-butan-1-one
formate salt The title compound can be prepared by
employing the deprotection, peptide coupling and
deprotection sequence described for example 12, steps
4-6 with (S)-2-(5-phenyl- 4H-[1
,2,4]triazol-3-yl)-pyrrolidine-1-carboxylic acid
ferf-butyl ester from step 1. LC/MS (III): rt 6.24;
m/z 394 [M+H]+, 416 [M+Na]+. Example 45 Step
i(S)-2-((ffl-2-Hvdroxy-1-phenyl-ethylcarbamoyl)-pyrrol
icline-1-carboxylic acid fe/f-butyl ester 369 mg (2.73
mmol, 1.50 eq) of 1-hydroxybenzotriazole, 910 ml_
(6.56 mmol, 3.60 eq) triethylamine and 524 mg (2.73
mmot, 1.50 eq) of 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride are added to a stirred
solution of 392 mg (1.82 mmol, 1.00 eq) of
(S)-pyrrolidine-1,2-dicarboxylic acid 1-fe/f-butyl
ester in 5 ml_ of N,Ndimethylformamide. The reaction
mixture is stirred for 10 min, after which a solution
of 250 mg (1.82 mmol, 1.00 eq) of
(ft)-2-amino-2~phenyl-ethanol in 5 mL of N
Ndimethylformamide is added at 0 C. The resulting
solution is stirred for 12 h, then poured into brine
and diluted with water. The aqueous mixture is
extracted 3 times with ethyl acetate and the combined
organic layers are washed with 5 % citric acid
solution, saturated sodium bicarbonate solution, brine
and are dried with sodium sulphate. The solvent is
evaporated and the residue is subjected to flash
chromatography (silica gel, eluent: cyc/o-hexane;ethyl
acetate 30:70) to yield the pure title compound. LC/MS
(I): rt 3.15; m/z 335 [M+H]+, 372 [M+Naf, 398
[M+Na+MeCNf Step 2
(S)-2-((f?)-4-Phenyl-4,5-dihvdro-oxazol-2-yl)-pyrrolid
ine-1-carboxylic acid fe/f-butyl ester 50 mg (0.15
mmol, 1.00 eq) of
(S)-2-((R)-2-hydroxy-1-phenyl-ethyicarbamoyl)-
pyrrolidine-1-carboxylic acid terf-butyl ester (Step
1) are dissolved in 1 mL of tetrahydrofuran and a
solution of 39 mg (0.16 mmol, 1.10 eq) of N
Ndiethylaminosulphor trifluoride in 500 ml_
tetrahydrofuran is added dropwise. The resulting
mixture is stirred for 90 min at 700C, the solvent is
evaporated and the crude product is subjected to
column chromatography on silica gel
(cyc/o-hexane:ethyl acetate 70:30) to yield the title
compound. LC/MS (I): rt 3.76; m/z 317 [M+H]+, 380
[M+Na+MeCN]+Step 3 NiO2, benzene
(S)-2-(4-Phenyl-oxazol-2-yl)-pyrrolidine-1-carboxylic
acid fe/f-butyl ester 30 mg (0.09 mmol, 1.00 eq) of
(S)-2-((/?)-4-phenyl-4,5-dihydro-oxazol-2-yl)-pyrrolid
ine- 1-carboxylic acid fe/f-butyl ester (Step 2) is
dissolved in 1 mL of benzene and 2 1 mg (0.19 mmol,
2.00 eq) of nickel peroxide hydrate is added. Then,
the mixture is heated for 1 h at 150C in a microwave
reactor, filtered, and the filtrate is evaporated. The
residue is purified by column chromatography on silica
gel (cyc/o-hexane:ethyl acetate 90:10) to yield the
title compound. LC/MS (I): rt 4.48; m/z 259, 315
[M+H]+, 378 [M+Na+MeCN]+ Steps 4-6
(f?)-3-Amino-4-(2-fluoro-phenvn-1-((S)-2-{4-r(Q-((Z)-1
-propenyl)-buta-1,3-dienylloxazol-
2-yl)-pyrrolidin-1-yr)-butan-1-one formate salt The
title compound can be prepared by employing the
deprotection, peptide coupling and deprotection
sequence described for example 12, steps 4-6 with
(S)-2-(4-phenyloxazol- 2-yl)-pyrrolidine-1-carboxylic
acid ferf-butyl ester from step 3. LC/MS (IV): rt
5.21; m/z 394 [M+H]+, 416 [M+Na]+. 1H-NMR (400 MHz
DMSOd 6) d = 1.90-2.35 (m, 5H, CH, 2xCH2) , 2.65-2.82
(m, 2H, CH2) , 3.38-3.64 (m, 4H, 2xCH2) , 5.08-5.19
(m, 1H CH), 7.09-7.18 (m, 2H, aryl-H), 7.24-7.46 (m,
5H, aryl-H), 7.69-7.77 (m, 2H, aryl-H), 8.22 (s, 1H,
HCOOH), 8.52 (d, 1H, oxazole-H).Example 46 Step i
(S)-2-(L/'-Benzoyl-hyclrazinocarbonyl)-pyrrolidine-1-c
arboxylic acid ferf-butyl ester 



596 mg (4.41 mmol, 1.20 eq) of 1-hydroxybenzotriazole,
1.13 ml_ (818 mg, 8.08 mmol, 2.20 eq) triethylamine
and 1.67 g (4.41 mmol, 1.20 eq) of
O-(benzotriazol-i-yl)-
L/,/V,L/',L/'-tetramethyluronium hexafluorophosphate
are sequentially added to a stirred solution of 500 mg
(3.67 mmol, 1.00 eq) of benzoic acid hydrazide and 790
mg (3.67 mmol, 1.00 eq) of
(S)-pyrrolidine-1,2-dicarboxylic acid 1-te/f-butyl
ester in 15 mL of L/ ,L/-dimethylformamide. The
resulting solution is stirred for 12 h at room
temperature, then poured into brine and diluted with
water. The aqueous mixture is extracted 3 times with
ethyl acetate and the combined organic layers are
washed with 5 % citric acid solution, saturated sodium
bicarbonate solution, brine and are dried with sodium
sulphate. The solvent is evaporated and the residue is
subjected to flash chromato graphy (silica gel,
eluent: cyc/o-hexane;ethyl acetate = 1:1) to yield the
title compound.Step 2 Burgess reagent, DCM, reflux
(S)-2-(5-Phenyl- p
,3,41oxadiazol-2-ylV-pyrrolidine-1-carboxylic acid
ferf-butyl ester 50 mg of
(S)-2-(L/'-benzoyl-hydrazinocarbonyl)-pyrrolidine-1-ca
rboxylic acid ferf-butyl ester (Step 1) is dissolved
in 2 ml_ of dichloromethane and 54 mg (0.22 mmol, 1.50
eq) of Burgess reagent is added. The resulting
solution is heated to reflux for 3 h. After cooling to
room temperature the reaction mixture is washed
saturated sodium bicarbonate solution, water and
brine, dried with sodium sulphate, and the solvent is
evaporated. The crude product is purified by column
chromatography on silica gel (cyc/o-hexane:ethyl
acetate 70:30) to yield the title compound. LC/MS
(IV): rt 2.52; m/z 260, 301, 316 [M+Hf, 379
[M+Na+MeCN] +. Steps 3-5
(ffl-3-Amino-4-(2-fluoro-Dhenvn-1-((S)-2-{5-r(a-((Z)-1
-propenyl)-buta-1,3-dienvn-
[1,3,4loxadiazol-2-yl}-pyrrolidin-1-vO-butan-1-one
formate salt The title compound can be prepared by
employing the deprotection, peptide coupling and
deprotection sequence described for example 12, steps
4-6 with (S)-2-(5-phenyl- [ 1
,3,4]oxadiazol-2-yl)-pyrrolidine-1-carboxylic acid
terf-butyl ester from step 2. LC/MS (I): rt 2.85; m/z
395 [M+H]+, 417 [M+Na]+.Example 47 Step 1
(S)-2-(Methoxy-methyl-carbamoyl)-pyrrolidine-1-carboxy
lic acid tert-butyl ester 500 mg (2.32 mmol, 1.00 eq)
of (S)-pyrrolidine-1 ,2-dicarboxylic acid 1-fe/f-butyl
ester, 498 mg (5.1 1 mmol, 2.20 eq)
L/,O-dimethylhydroxylamine hydrochloride and 1.25 ml_
(6.97 mmol, 3.00 eq) of diisopropylethylamine are
sequentially dissolved in 10 ml_ of
L/,L/-dimethylformamide. Then 1.32 g (3.48 mmol, 1.50
eq) of O-(7-azabenzotriazol-1-
yl)-L/,L/,L/',L/-tetramethyluronium
hexafluorophosphate are added and the reaction mixture
is stirred for 18 h at room temperature. Then, the
solution is poured into brine and diluted with water.
The aqueous mixture is extracted 3 times with ethyl
acetate and the combined organic layers are washed
with 5 % citric acid solution, saturated sodium
bicarbonate solution, brine and are dried with sodium
sulphate. The solvent is evaporated and the residue is
subjected to flash chromatography (silica gel, eluent:
cyc/o-hexane:ethyl acetate = 50:50) to yield the title
compound.Step 2 (SV
-O-Trimethylsilanyl-propynovD-pyrrolidine-i-carboxylic
acid te/f-butyl ester To a solution of 148 mg (1.51
mmol, 1.95 eq) of trimethylsilylacetylene in 500 ml_
tetrahydrofuran 1.08 ml_ (1.08 mmol, 1.40 eq) of a 1.0
M ethylmagnesium bromide solution in tetrahydrofuran
is added dropwise. The resulting mixture is stirred
for 1 h at room temperature, is then cooled to 0C and
a solution of 278 mg (1.08 mmol, 1.00 eq) of
(S)-2-(methoxy-methyl-carbamoyl)-pyrrolidine-1-carboxy
lic acid fe/f-butyl ester in 2.5 ml_ of
tetrahydrofuran is added dropwise. After complete
addition the reaction mixture is allowed to warm to
room temperature and stirring is continued for 14 h.
Then saturated ammonium chloride solution is added,
and the mixture is extracted 3 times with ethyl
acetate. The combined organic layers are dried with
sodium sulphate, evaporated and the crude product is
purified by column chromatography on silica gel
(cyc/o-hexane:ethyl acetate 80:20) affording the title
compound. Step 3
(S)-2-(1-Phenyl-1^/-pyrazol-3-yl)-pyrrolidine-1-carbox
ylic acid ferf-butyl ester 50 mg (0.17 mmol, 1.00 eq)
of (S)-2-(3-trimethylsilanyl-propynoyl)-pyrrolidine-1-



carboxylic acid te/f-butyl ester (Step 2) and 24 mg
(0.22 mmol, 1.30 eq) of phenylhydrazine are dissolved
in 2 mL of ethanol. The reaction mixture is heated
toreflux and solution of 67 mg (0.23 mmol, 1.80 eq)
sodium carbonate in 0.3 ml_ of water is added. The
solution is refluxed overnight, the solvent is
evaporated and the residue taken up in
dichloromethane. The organic layer is washed with
water, 10% aqueous citric acid solution and brine,
dried with sodium sulphate and evapoarted. The residue
is subjected to column chromatography on silcia gel
(cyc/o-hexane: ethyl acetate 80:20) to afford the
title compound. Steps 4 - 6
f/?)-3-Amino-4-f2-fluoro-phenvn-1-((S)-2-f1-r(a-((Z)-1
-propenyl)-buta-1,3-dienv p-1Hpyrazol-
3-yl}-pyrrolidin-1-vO-butan-1-one formate salt The
title compound can be prepared by employing the
deprotection, peptide coupling and deprotection
sequence described for example 12, steps 4-6 with
(S)-2-(1 -phenyl-
IH-pyrazol-S-yO-pyrrolidine-i-carboxylic acid
fe/f-butyl esterfrom step 3. LC/MS (IV): rt 4.79; m/z
393 [M+H]+, 4 15 [M+Na]+. Example 48 1
t-ri,2,41triazol-3-yl)-pyrrolidin-1-yl)-4-(2
4,5-trifluoro-phenyl)-butan-1-one The title compound
can be prepared according to example 43 by employing
terf-butylhydrazine in step 2. LC/MS (I): rt 2.37; m/z
4 11 (M+H)+. 1H-NMR (400 MHz, DMSOd 5) d = 1.45-1 .49
(d, 9H, CH3) , 1.75-2.19 (m, 4H, CH2) , 2.50-2.87 (m,
4H, CH2) , 3.27-3.48 (m, 2H, CH, CH2) , 3.57-3.65 (m,
1H, CH2) , 5.02 (dd,0.6H, CH, J = 7.9 Hz, 2.3 Hz),
5.07 (dd, 0.4H, CH, J = 5.6 Hz, 2.4 Hz), 7.39-7.57 (m,
2H, aryl-H), 8.13 (s, 1H, HCOOH), 8.33-8.47 (d, 1H,
triazole-H). Example 49
(f?)-3-Amino-1-r(S)-2-(3-tert-butyl-ri
,2,4loxadiazol-5-vn-azetidin-1-yll-4-(2,4,5-trifluorop
henyl)- butan-1-one formate salt The title compound
can be prepared according to example 12 by employing
(S)-azetidine-1,2-dicarboxylic acid 1-ferf-butyl ester
in step 2. LC/MS (III): rt 8.44; m/z 397 [M+H]+, 438
[M+H+MeCN]+ 1H-NMR (400 MHz, DMSO-d6) d = 1.26-1.30
(m, 9H, 3xCH3) , 2.31-2.41 (m, 3H, CH, CH2) ,
2.66-2.79 (m, 3H, CH, CH2) , 3.47-3.51 (m, 1H, CH),
3.87-4.20 (m, 2H, CH2) , 5.41-5.76 (m, 1H, CH),
7.42-7.51 (m, 2H, aryl-H), 8.14 (s, 1H, HCOOH).
Example 50 Step
11-(1-Benzhvdryl-azetidin-3-yl)-4-trifluoromethyl-pipe
ridine A solution of 200 mg (0.83 mmol) of
1-benzhydryl-azetidin-3-ol and 240 ml_ (1.68 mmol)
triethylamine in 3.5 ml_ dichloromethane is cooled
down to -40C. 80 mL (1.01 mmol) of methanesulphonyl
chloride are added and the reaction mixture is stirred
by -40C for 30 minutes. After diluting with
dichloromethane, the solution is washed with saturated
aqueous sodium bicarbonate solution, dried over sodium
sulphate and concentrated to dryness under vacuum
yielding methanesulphonic acid
1-benzhydryl-azetidin-3-yl ester. A solution of 205 mg
(4.2 mmol) of 4-trifluoromethyl-piperidine
hydrochloride in 1 ml_ acetonitrile is stirred 1 h by
room temperature in the presence of 750 mg (0.44 mmol)
of (polystyrylmethyl)trimethylammoium bicarbonate
resin. Then, after filtering off the resin, the
solution of the free amine is poured onto the
methanesulphonic acid 1- benzhydryl-azetidin-3-yl
ester. The reaction mixture is heated at reflux for 7
days. After cooling and concentrating, the crude
product is purified by flash chromatography (silica
gel, cyclohexane to 5% of ethyl acetate in
cyclohexane) affording the title compound. LC/MS (II):
15-95 gradient rt 1.49; m/z 416 [M+H+MeCN] +. Step 2
1-Azetidin-3-yl-4-trifluoromethyl-piperidine A mixture
of 50 mg (0.13 mmol) of
1-(1-benzhydryl-azetidin-3-yl)-4-trifluoromethylpiperi
dine (Step 1), 25 mg (0.39 mmol) of ammonium formate
and 16 mg of 10% palladium on charcoal in 2 mL of
ethanol are stirred at reflux temperature for 30
minutes. After cooling down to room temperature, the
reaction mixture is filtered through celite and
concentrated to dryness. The resulting
1-azetidin-3-yl-4- trifluoromethyl-piperidine is used
in the next step without further purification. LC/MS
(II): 15-95 gradient rt 0.35; m/z 209 [M+H]+.Step 3
/:?H1-(2-Fluoro-benzv
p-3-oxo-3-r3-(4-trifluoromethyl-piperidin-1-yl)-azetid
in-1-yllpropypcarbamic 



acid tert-butyl ester A mixture of 20 mg (0.07 mmol)
of (3R)-te/f-butoxycarbonylamino-4-[2-fluoro-phenyl]-
butyric acid, 10 mg (0.07 mmol) of
1-hydroxybenzotriazole, 13 mg (0.07 mmol) of 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride and 31,5 ml_ (0.18 mmol) of L/
,L/-diisopropylethylamine in 0.5 mL of dichloromethane
is stirred 30 minutes at room temperature. Then, 19 mg
(0.09 mmol)
1-azetidin-3-yl-4-trifluoromethyl-piperidine (Step 2)
in 0.5 mL of dichloromethane are added. The mixture is
stirred overnight at room temperature. The solution is
diluted with dichloromethane, washed sequentially with
1N hydrochloric acid, saturated aqueous sodium
bicarbonate solution and brine, dried over sodium
sulphate and concentrated to dryness under vacuum. The
product is used in the next step without further
purification. LC/MS (II): 15-95 gradient rt 1.96; m/z
488 [M+H]+. Step 4
("3ffl-3-Amino-4-(2-fluoro-phenyl)-1-r3-(4-trifluorome
thyl-piperidin-1-yl)-azetidin-1-v - butan-1-one The
product of step 3 is dissolved in 1 mL of a 30%
solution of trifluoroacetic acid in dichloromethane
and stirred 1.5 hours at room temperature. Then
dichloromehtane is added. The reaction mixture is
concentrated under reduced pressure. This procedure is
repeated 3 times. The crude product is purified by
HPLC yielding pure
(3R)-3-ap\\no-4-(2-fluoro-phenyl)-1-[3-(4-trifluoromet
hyl-piperidin-1-yl)-azetidin-1-yl]-butan-1-one as
formate salt. LC/MS (IV): rt 3.84; m/z 388 [M+H]+.
1H-NMR (DMSOd 6) : 1.40-1.60 (m, 2H), 1.77-1 .87 (m,
3H), 2.17-2.32 (m, 3H), 2.79- 2.88 (m, 3H), 3.10 (m,
2H), 3.51-3.64 (m, 3H), 3.81-3.86 (m, 2H), 4.02 (m,
1H), 7.12- 7.17 (m, 2H), 7.26-7.33 (m, 2H), 8.13 (s,
0.4H). Example 51 1-(1 -Benzhvdryl-azetidi
p-3-yl)-4-pyridin-2-yl-piperazine 615 mL (4.41 mmol)
of triethylamine, 335.8 mL (2.21 mmol) of
1-(2-pyridyl)piperazine and 700 mg (2.21 mmol) of
methanesulphonic acid 1-benzhydryl-azetidin-3-yl ester
(Example 50, Step 1) are heated to reflux in 10 ml_ of
acetonitrile for 2 1 hours with stirring. After the
mixture has cooled to room temperature, the solvent is
evaporated. The residue is taken up in 30 ml_ of
dicholoromethane, washed with 10 ml_ of water, dried
with magnesium sulphat, filtered, and the solvent is
evaporated. The residue is purified by column
chromatography (silica gel, eluent:
1,2-dichloroethane-ethanol 5:1) and the resulting oil
is crystallised in diethyl ether to give the title
compound as a colorless powder.1H-NMR (CDCI3) : 2.40
(m, 4H), 2.92 (m, 2H), 2.99 (m, 1H), 3.42 (m, 2H),
3.54 (m, 4H), 4.40 (s, 1H), 6.60 (m, 1H), 6.61 (m,
1H), 7.15-7.40 (m, 10H), 7.44 (m, 1H), 8.07 (m, 1H).
Step 2 HCOONH4, Pd/C
1-Azetidin-3-yl-4-pyridin-2-yl-piperazine A mixture of
140 mg (0.36 mmol) of
1-(1-benzhydryl-azetidin-3-yl)-4-pyridin-2-ylpiperazin
e (Step 1), 69 mg (1.10 mmol) of ammonium formate and
42 mg of 10% palladium on charcoal in 11 ml_ of
ethanol are stirred at reflux temperature overnight.
After cooling to room temperature, the reaction
mixture is filtered through celite and concentrated to
dryness. The resulting
1-azetidin-3-yl-4-pyridin-2-yl-piperazine is used in
the next step without further purification. LC/MS (I):
5-70 gradient rt 0.35; m/z 219 [M+H]+. Step 3
r/RH1-(2-Fluoro-benzyl)-3-oxo-3-r3-(4-pyridin-2-yl-pip
erazin-1 -yl)-azetidin-1-yr|- propylV-carbamic acid
ferf-butyl ester A mixture of 108 mg (0.36 mmol) of
f3Rj-ferf-butoxycarbonylamino-4-[2-fluoro-phenyl]-
butyric acid, 54 mg (0.40 mmol) of
1-hydroxybenzotriazole, 77 mg (0.40 mmol) of 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride and 191 ml_ (1.09 mmol) ofL/
,L/-diisopropylethylamine in 7 mL of dichloromethane
is stirred 30 minutes at room temperature. Then, 19 mg
(0.09 mmol) 1-azetidin-3-yl-4-pyridin-2-yl-piperazine
(Step 2) in 2 mL of dichloromethane are added. The
mixture is stirred overnight at room temperature. The
solution is diluted with dichloromethane, washed
sequentially with saturated aqueous sodium bicarbonate
solution and brine, dried over sodium sulphate 



and concentrated to dryness under vacuum. The product
is used in the next step without further purification.
LC/MS (I): 5-70 gradient rt 2.53; m/z 498 [IVRH]+.
3ffl-3-Amino-4-(2-fluoro-phenyl)-1-r3-(4-pyhdin-2-yl-p
iperazin-1-yl)-azetidin-1-vnbutan- 1-one The product
of step 3 is dissolved in 2 mL of a 30% solution of
trifluoroacetic acid in dichloromethane and stirred 1
hour at room temperature. Then dichloromehtane is
added. The reaction mixture is concentrated under
vacuum. This procedure is repeated 3 times. The crude
product is purified by HPLC yielding pure
(3R)-3-Amino-4-(2-fluorophenyl)-
1-[3-(4-pyridin-2-yl-piperazin-1-yl)-azetidin-1-yl]-bu
tan-1-one. LC/MS (II): rt 4.75; m/z 398 [M+H]+. 1H-NMR
(DMSOd 6) : 2.27-2.38 (m, 2H), 2.86-3.09 (m, 6H),
3.60-3.80 (m, 6H), 3.96- 4.06 (m, 2H), 4.24 (m, 2H),
6.75 (m, 1H), 7.00 (m, 1H), 7.15-7.19 (m, 2H),
7.29-7.34 (m, 2H7.62 (m, 1H), 7.98 (bs, 2H), 8.12 (m,
1H).Example 52 Step 1
1-(1-Benzhydryl-azetidin-3-yl)-1H-pyrazole A solution
of 100 mg (0.42 mmol) of 1-benzhydryl-azetidin-3-ol
and 117 mL (0.84 mmol) triethylamine in 0.5 ml_
dichloromethane is cooled to -40 C. 65 mL (0.50 mmol)
of methanesulphonyl chloride are added and the
reaction mixture is stirred at -40 C for 1 hour. After
diluting with dichloromethane, the solution is washed
with saturated aqueous sodium bicarbonate solution,
dried over sodium sulphate and concentrated to dryness
under vacuum yielding methanesulphonic acid
1-benzhydryl-azetidin-3-yl ester. 30 mg (1.26 mmol) of
sodium hydride (60% dispersion in mineral oil) are
added to a solution of 57 mg (0.84 mmol) of pyrazole
in 0.5 mL L/ ,L/-dimethylformamide. After stirring for
10 minutes at room temperature the mixture is poured
onto a solution of the methanesulphonic acid
1-benzhydryl-azetidin-3-yl ester in 0.5 mL
L/,L/-dimethylformamide. The reaction mixture is
stirred overnight by 100 C. Then, after cooling to
room temperature, ethyl acetate is added and the
resulting mixture is washed with saturated aqueous
sodium bicarbonate solution, brine, dried over sodium
sulphate and concentrated under reduced pressure. The
crude product is purified by flash chromatography
(silica gel, cyclohexane to 25% of ethyl acetate in
cyclohexane) affording the title compound. LC/MS (I):
15-95 gradient rt 1.50; m/z 290 [M+H]+.Step 2
1-Azetidin-3-yl-1 H-pyrazole A mixture of 9 1 mg (0.31
mmol) of 1-(1-benzhydryl-azetidin-3-yl)-1 H-pyrazole
(Step 1), 25 mg (0.39 mmol) of ammonium formate and 30
mg of 10% palladium on charcoal in 2 mL of ethanol are
stirred at reflux temperature for 30 minutes. Then, a
further 30 mg portion of 10% palladium on charcoal are
added and the reaction mixture is stirred 3 days at
room temperature under a hydrogen atmosphere. The
reaction mixture is filtered through celite and
concentrated to dryness. The resulting
1-azetidin-3-yl-1 Hpyrazole is used in the next step
without further purification. LC/MS (I): 15-95
gradient rt 0.35; m/z 124 [M+Hf. Step 3
^f?)-ri-(2-Fluoro-benzv
p-3-oxo-3-(3-pyrazol-1-yl-azetidin-1-yl)-propyn-carbam
ic acid tert-butyl ester A mixture of 184 mg (0.62
mmol) of
(3R)-fe/f-butoxycarbonylamino-4-[2-fluoro-phenyl]-
butyric acid, 95 mg (0.70 mmol) of
1-hydroxybenzotriazole, 133 mg (0.70 mmol) of 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride and 325 ml_ (1.86 mmol) of L/
,L/-diisopropylethylamine in 2 mL of dichloromethane
is stirred 30 minutes at room temperature. Then, 76 mg
(0.62 mmol) 1-azetidin-3-yl-1 H-pyrazole (Step 2) in
0.5 mL of dichloromethane are added. The mixture is
stirred overnight at room temperature. The solution is
diluted with dichloromethane, washed sequentially with
1N hydrochloric acid, saturated aqueous sodium
bicarbonate solution and brine, dried over sodium
sulphate and concentrated to dryness under vacuum. The
product is used in the next step without further
purification.LC/MS (I): 15-95 gradient rt 2.28; m/z
403 [M+H]+. Step 4 TFA 



f3ffl-3-Amino-4-(2-fluoro-phenyl)-1-(3-pyrazol-1-yl-az
etidin-1-yl)-butan-1-one The product of step 3 is
dissolved in 1mL of a 30% solution of trifluoroacetic
acid in dichloromethane and stirred 1.5 hours at room
temperature. Then dichloromethane is added. The
reaction mixture is concentrated under vacuum. This
procedure is repeated 3 times. The crude product is
purified by HPLC yielding pure
(3f?)-3-amino-4-(2-fluorophenyl)-
1-(3-pyrazol-1-yl-azetidin-1-yl)-butan-1-one as the
formate salt. LC/MS (II): rt 5.02; m/z 303 [M+H]+.
1H-NMR (DMSO-de): 2.17 (m, 2H), 2.73 (m, 2H), 3.38 (m,
1H), 4.07-4.12 (m, 1H), 4.22- 4.39 (m, 2H), 4.43-4.55
(m, 1H), 5.51-5.24 (m, 1H), 6.27 (m, 1H), 7.09-7.14
(m, 2H), 7.24-7.32 (m, 2H), 7.52 (s, 1H), 7.83 (s,
1H), 8.18 (s, 0.7H). Example 53 and 54Step 1
1-(1-Benzhydryl-azetidin-3-yl)-3-trifluoromethyl-1
H-pyrazole and 1-(1-benzhvdrylazetidin-
3yl)-5-trifluoromethyl-1H-pyrazole A solution of 440
mg (1.85 mmol) of 1-benzhydryl-azetidin-3-ol and 535
ml_ (3.68 mmol) triethylamine in 7 ml_ dichioromethane
is cooled to -40C. 178 ml_ (2.2 mmol) of
methanesulphonyl chloride are added and the reaction
mixture is stirred at -40 C for 30 minutes. After
adding dichioromethane, the solution is washed with
saturated aqueous sodium bicarbonate solution, dried
over sodium sulphate and concentrated to dryness under
vacuum yielding methanesulphonic acid
1-benzhydryl-azetidin-3-yl ester. 295 mg (7.3 mmol) of
sodium hydride (60% dispersion in mineral oil) are
added to a solution of 500 mg (3.67 mmol) of
3-trifluoromethyl-1 H-pyrazole in 2 ml_
tetrahydrofuran. After stirring 10 minutes at room
temperature, a solution of the methanesulphonic acid
1-benzhydryl-azetidin-3-yl ester in 3 ml_
tetrahydrofuran is added. The reaction mixture is
stirred under microwave heating at 100 C for 20
minutes. Then after cooling to room temperature, ethyl
acetate is added and the resulting mixture is washed
with saturated aqueous sodium bicarbonate solution,
brine, dried over sodium sulphate and concentrated to
dryness. The crude product is purified by flash
chromatography (silica gel, cyclohexane to 25% of
ethyl acetate in cyclohexane) affording the title
compounds. LC/MS (II): rt 3.21 and 3.32; m/z 358
[M+H]+.Step 2
1-Azetidin-3-yl-3-trifluoromethyl-1/-/-pyrazole and
1-azetidin-3-yl-5-trifluoromethyl-1 Hpyrazole A
mixture of 320 mg (0.87 mmol)
1-(1-benzhydryl-azetidin-3-yl)-3-trifluoromethyl-1Hpyr
azole and
1-(1-benzhydryl-azetidin-3yl)-5-trifluoromethyl-1/-/-p
yrazole (Step 1), 164 mg (2.61 mmol) of ammonium
formate and 110 mg of 10% palladium on charcoal in 5
ml_ of ethanol are stirred at reflux temperature for
30 minutes. After cooling to room temperature, the
reaction mixture is filtered through celite and
concentrated to dryness. The
1-azetidin-3-yl-3-trifluoromethyl-1/-/-pyrazole and
1-azetidin-3-yl-5-trifluoromethyl- 1/-/-pyrazole title
compounds are used in the next step without further
purification. LC/MS (I): rt 1.51 and 1.66; m/z 192
[M+H]+.Step 3
^ffl-(3-Oxo-1-(2,4,5-trifluoro-benzyl)-3-r3-(3-trifluo
romethyl-pyrazol-1-yl)-azetidin-1-v p- propypcarbamic
acid tert-butyl ester and
f7fiH3-oxo-1-(2,4,5-trifluoro-benzyl)-3-r3-(5-
trifluoromethyl-pyrazol-1-v
p-azetidin-i-vn-propylVcarbamic acid ferf-butyl ester
A mixture of 289 mg (0.87 mmol) of
(3f?>3-ferf-butoxycarbonylamino-4-(2,4,5-trifluorophen
yl)- butyric acid, 128 mg (0.95 mmol) of
1-hydroxybenzotriazole, 182 mg (0.95 mmol) of
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride and 330 ml_ ( 1 .88 mmol) of L/
,L/-diisopropylethylamine in 6 ml_ of dichloromethane
is stirred 30 minutes at 0 C. Then, 166 mg (0.87 mmol)
of a mixture of 1-azetidin-3-yl-3-
trifluoromethyl-1/-/-pyrazole and
1-azetidin-3-yl-5-trifluoromethyl-1H-pyrazole (Step 2)
2 ml_ of dichloromethane are added. The mixture is
stirred overnight at room temperature. The solution is
diluted with dichloromethane, washed sequentially with
1N hydrochloric acid, saturated aqueous sodium
bicarbonate solution and brine, dried over sodium
sulphate and concentrated to dryness under vacuum. The
product is used in the next step without further
purification. LC/MS (II): 5-80 gradient: rt 5.48 and
5.58; m/z 507 [M+Hf.Step 4
^3R)-3-Amino-1-r3-(3-trifluoromethyl-pyrazol-1-vn-azet
idin-1-vn-4-(2,4,5-thfluorophe pyl)-butan-1-one (53)
and
f3fi)-3-amino-1-r3-(5-trifluoromethyl-pyrazol-1-yl)-
azetidin-1-yll-4-(2,4,5-trifluoro-phenyl)-butan-1-one
(54) 



The products of step 3 is dissolved in 3 ml_ of a 30%
solution of trifluoroacetic acid in dichloromethane
and stirred 45 minutes at 0C. Then dichloromethane is
added. The reaction mixture is concentrated under
vacuum. This procedure is repeated 3 times. The crude
product is purified by HPLC yielding both regioisomers
(3/R)-3-amino-1-[3-(3-
trifluoromethyl-pyrazol-1-yl)-azetidin-1-yl]-4-(2,4,5-
trifluoro-phenyl)-butan-1-one (53) and f3R;
-3-amino-1-[3-(5-trifluoromethyl-pyrazol-1-yl)-azetidi
n-1-yl]-4-(2,4,5-trifluorophenyl)- butan-1-one (54) as
formate salts. 53: LC/MS (IV): rt 4.37; m/z 407
[M+H]+. 1H-NMR (DMSOd 6) : 2.32-2.38 (m, 2H), 2.85 (m,
2H), 3.61 (m, 1H), 4.25 (m, 1H), 4.34 (m, 1H), 4.45
(m, 1H), 4.59 (m, 1H), 5.35 (m, 1H), 7.00 (m, 1H),
7.47-7.57 (m, 2H), 7.84 (m, 1H), 8.14 (s, 0.5H). 54:
LC/MS (IV): rt 4.64; m/z 407 [M+H]\ 1H-NMR (DMSOd 6) :
2.32-2.38 (m, 2H), 2.87 (m, 2H), 3.66 (m, 1H),
4.08-4.15 (m, 1H), 4.30-4.44 (m, 2H), 4.54-4.61 (m,
1H), 5.35 (m, 1H), 6.81 (m, 1H), 7.48-7.57 (m, 2H),
8.14 (s, 1.2H).Examples 55 and 56 Step i
i-d-Benzhydryl-azetidi
p-S-vD-S-cvclopropyl-IH-pyrazole and
1-(1-benzhydryl-azetidin- 3-yl)-
5-cvclopropyl-IH-pyrazole A solution of 100 mg (0.42
mmol) of 1-benzhydryl-azetidin-3-ol and 118 mL (0.84
mmol) triethylamine in 2 ml_ dichloromethane is cooled
down to -40C. 40 mL (0.51 mmol) of methanesulphonyl
chloride are added and the reaction mixture is stirred
at -40C for 30 minutes. After diluting with
dichloromethane, the solution is washed with saturated
aqueous sodium bicarbonate solution, dried over sodium
sulphate and concentrated to dryness under vacuum to
yield methanesulphonic acid 1-benzhydryl-azetidin-3-yl
ester. 4 1 mg ( 1 mmol) of sodium hydride (60%
dispersion in mineral oil) are added to a solution of
9 1 mg (0.84 mmol) of 3-cyclopropyl-1 H-pyrazole in
0.75 ml_ tetrahydrofuran. After stirring 10 minutes at
room temperature, a solution of the methanesulphonic
acid 1-benzhydryl-azetidin-3-yl ester in 0.75 mL
tetrahydrofuran is added. The reaction mixture is
stirred under microwave heating at 100C 20 minutes.
Then after cooling to room temperature and evaporating
the tetrahydrofuran, ethyl acetate is added and
theresulting mixture is washed with saturated aqueous
sodium bicarbonate solution, with brine, dried over
sodium sulphate and concentrated to dryness. The
products are used in the next step without further
purification. LC/MS (II): rt 2.79; m/z 330 [IVH-H]+.
Step 2 1-Azetidin-3-yl-3-cvclopropyl-1 H-pyrazole and
1-azetidin-3-yl-5-cvclopropyl-1 Hpyrazole A mixture of
173 mg (0.53 mmol)
1-(1-benzhydryl-azetidin-3-yl)-3-cyclopropyl-1
Hpyrazole and 1-(1-benzhydryl-azetidin-3-yl)-
5-cyclopropyl-1 H-pyrazole (Step 1), 103 mg (1 .59
mmol) of ammonium formate and 50 mg of 10% palladium
on charcoal in 5 mL of ethanol are stirred overnight
at reflux temperature. After cooling down to room
temperature, 50 mg of 10% palladium(ll) hydroxide on
charcoal are added and the reaction mixture is stirred
under hydrogen atmosphere for 3 days. After filtering
the catalysts through celite and removing the solvent
under vacuum a mixture of 1-
azetidin-3-yl-3-cyclopropyl-1 H-pyrazole and
1-azetidin-3-yl-5-cyclopropyl-1 H-pyrazole are
obtained. They are used in the next step without
further purification. LC/MS (II): rt 1.39; m/z 164
[M+H] +.Step 3
r(ffl-3-r3-(3-Cvclopropyl-pyrazol-1-yl)-azetidin-1-yll
-3-oxo-1-f2,4,5-trifluoro-benzv p-
1-vn3-oxo-1-(2,4,5-trifluoro-benzyl)-propyn-carbamic
acid ferf-butyl ester A mixture of 193 mg (0.58 mmol)
of
^/?j-3-te/f-butoxycarbonylamino-4-(2,4,5-trifluorophen
yl)- butyric acid (Step 2), 78 mg (0.58 mmol) of
1-hydroxybenzotriazole, 111 mg (0.58 mmol) of
1-ethyl-3-(3-dimethylaminoprapyl)carbodiimide
hydrochloride and 222 ml_ (1.27 mmol) of
diisopropylethylamine in 1 ml_ of dichloromethane is
stirred 30 minutes at 0 C. Then, 86 mg (0.53 mmol) of
a mixture of 1-azetidin-3-yl-3-cyclopropyl-
1H-pyrazole and
1-azetidin-3-yl-5-cyclopropyl-1f/-pyrazole in 0.5 ml_
of dichloro methane is added. The reaction mixture is
stirred overnight at room temperature. The solution is
diluted with dichloromethane, washed sequentially with
1N hydrochloric acid, saturated aqueous sodium
bicarbonate solution and brine, dried over sodium
sulphate and concentrated to dryness to yield the
title compounds which are used in the next 



step without further purification. LC/MS (II): rt
4.18; m/z 479 [M+Hf.Step 4
(Rl-S-Amino-i-rS-CS-cvclopropyl-pyrazol-i-vD-azetidin-
i-ylM-g^. d-trifluoro-phenyl)- butan-1-one (55) and
(ft)-3-amino-1-f3-(5-cvdopropyl-pyrazol-1-yl)-azetidin
-1-vn-4- (2,4,5-trifluoro-phenyl)-butan-1-one (5b) The
products of step 3 is dissolved in 1.4 ml_ of a 30%
solution of trifluoroacetic acid in dichloromethane
and stirred 45 minutes at O0C. Then methanol is added
and the reaction mixture is concentrated to dryness.
The crude product is purified by HPLC yielding both
regioisomers
(R)-3-amino-1-[3-(3-cyclopropyl-pyrazol-1-yl)-azetidin
-1-yl]- 4-(2,4,5-trif!uoro-phenyl)-butan-1-one (55)
and (ft)-3-amino-1-[3-(5-cyclopropyl-pyrazol-
1-yl)-azetidin-1-yl]-4-(2,4,5-trifluoro-phenyl)-butan-
1-one (56) as formate salts. 55: LC/MS (IV): rt 7.34;
m/z 379 [M+H]+. 1H-NMR (DMSOd 6) : 0.58 (m, 2H), 0.92
(m, 2H), 1.85 (m, 1H), 2.31 (m, 2H), 2.79 (m, 2H),
3.50 (m, 1H), 4.16 (m, 1H), 4.32 (m, 1H), 4.42 (m,
1H), 4.54 (m, 1H), 5.42 (m, 1H) 1 5.94 (s, 1H), 7.41
(s, 1H), 7.51 (m, 2H), 8.17 (s, 1H). 56: LC/MS (IV):
rt 7.19; m/z 379 [M+H]+. 1H-NMR (DMSO-d 6) : 0.61 (m,
2H), 0.94 (m, 2H), 1.87 (m, 1H), 2.30 (m, 2H), 2.80
(m, 2H), 3.53 (m, 1H), 4.05-4.57 (m, 4H), 5.14 (m,
1H), 5.95 (s, 1H), 7.41 (m, 2H), 7.69 (s, 1H), 8.16
(s, 1H).Further examples from this series are
exemplified below:ASSAYS Inhibition of DPP-IV
peptidase activity was monitored with a continuous
fluorimetric assay. This assay is based on the
cleavage of the substrate Gly-Pro-AMC (Bachem) by
DPP-IV, releasing free AMC. The assay is carried out
in 96-well microtiterplates. In a total volume of 100
ml , compounds are preincubated with 50 pM DPP-IV
employing a buffer containing 1OmM Hepes, 15OmM NaCI,
0.005% Tween 20 (pH 7.4). The reaction is started by
the addition of 16 mM substrate and the fluorescence
of liberated AMC is detected for 10 minutes at 25 C
with a fluorescence reader (BMG-Fluostar;
BMGTechnologies) using an excitation wavelength of 370
nm and an emission wavelength of 450 nm. The final
concentration of DMSO is 1 %. The inhibitory potential
of the compounds were determined. DPP-IV activity
assays were carried out with human and porcine DPP-IV
(see below); both enzymes showed comparable
activities. Soluble human DPP-IV lacking the
transmembrane anchor (Gly31-Pro766) was expressed in a
recombinant YEAST-strain as Pre-Pro-alpha-mating
fusion. The secreted product (rhuDPP-IV-Gly31-Pro766)
was purified from fermentation broth (>90% purity). In
the table are listed the IC50 values for inhibition of
DPP-IV peptidase activity determined in assays as
described above. The IC50 values were grouped in 3
classes: a < 100 nM; b >101 nM and < 1000 nM ; c>1001
nM < 2000 nM.THIOPHENE HYDROXAMIC ACID DERIVATIVES AND
THEIR USE AS HDAC INHIBITORS The present invention
relates to novel thiophene dicarboxylic acid
derivatives and to their (R)- and (S)-enantiomers and
racemates, to a process for their manufacture,
medicaments containing them and their manufacture as
well as the use of these compounds as pharmaceutically
active agents. Transcriptional regulation is a major
event in cell differentiation, proliferation, and
apoptosis. Transcriptional activation of a set of
genes determines cell destination and for this reason
transcription is tightly regulated by a variety of
factors. One of its regulatory mechanisms involved in
the process is an alteration in the tertiary structure
of DNA, which affects transcription by modulating the
accessibility of transcription factors to their target
DNA segments. Nucleosomal integrity is regulated by
the acetylation status of the core histones. In a
hypoacetylated state, nucleosomes are tightly
compacted and thus are nonpermissive for
transcription. On the other hand, nucleosomes are
relaxed by acetylation of the core histones, with the
result being permissiveness to transcription. The
acetylation status of the histones is governed by the
balance of the activities of histone acetyl
transferase (HAT) and histone deacetylase (HDAC).
Recently, HDAC inhibitors have been found to arrest
growth and apoptosis in several types of cancer cells,
including colon cancer, T-cell lymphoma, and
erythroleukemic cells. Given that apoptosis is a
crucial factor for cancer progression, HDAC inhibitors
are promising reagents for cancer therapy as effective
inducers of apoptosis (Koyama, Y., et al., Blood 96 



(2000) 1490-1495). Several structural classes of HDAC
inhibitors have been identified and are reviewed in
Marks, P.A., et al., J. Nat. Cancer Inst. 92 (2000)
1210-1216. More specifically, WO 98/55449, US
5,369,108, WO 01/38322, WO 01/70675, WO 02/22577, WO
03/011851, WO 03/066579, WO 03/075929, WO 03/076395,
WO 03/076400, WO 03/076401, WO 03/076421, WO
03/076422, WO 03/076430, WO 03/076438, WO 03/087066
and WO 2004/013130 report alkanoyl, alkylenyl,
alkenylenyl, aryl, heteroaryl, benzyl, biaryl and
cinnamyl hydroxamates with HDAC inhibitory
activity.However there remains a need for new
compounds with improved therapeutic properties, such
as enhanced activity, decreased toxicity, better
solubility and improved pharmacokinetic profile, to
name only a few. The present invention relates to
thiophene dicarboxylic acid derivatives and to their
(R)- and (S)-enantiomers and racemates according to
formula I formula I, wherein R1 is alkyl, which is
optionally substituted one or several times by
halogen; V is phenylene or heteroarylene; Y -O-; -OCHR
2-; -alkylene-O-; -alkylene-O-CHR2-; -NH-; -NH-CHR 2-;
-alkylene-NH-; -alkylene-NH-CHR 2-; or -alkenylene-;
R2 alkyl or hydrogen; W is a saturated carbocyclic
group; a saturated heterocyclic group; a heteroaryl
group; or a substituted phenyl group, and all
pharmaceutically acceptable salts thereof.The
compounds according to this invention are inhibitors
of histone deacetylase (HDAC) and therefore possess
antiproliferative activity. Objects of the present
invention are the compounds of formula I and their
pharmaceutically acceptable salts, diastereoisomers,
racemates and especially their enantiomeric forms, the
preparation of the compounds, medicaments containing
such compounds and the manufacture of such medicaments
as well as the use of such compounds in the control or
prevention of illnesses, especially of illnesses and
disorders as mentioned below or in the manufacture of
corresponding medicaments. Examples of tumors which
may be treated with such compounds or medicaments, are
colon cancers, breast carcinoma (including advanced
breast cancer), lung cancer (e.g. adenocarcinoma and
including non-small cell lung cancer), prostate cancer
including advanced disease, pancreatic cancers,
hematopoetic tumors of lymphoid lineage (e.g. acute
lymphocytic leukemia, B-cell lymphoma, Burkitt's
lymphoma), myeloid leukemias (for example, acute
myelogenous leukemia (AML)), thyroid follicular
cancer, myelodysplastic syndrome (MSD), tumors of
mesenchymal origin, melanomas, teratocarcinomas,
neuroblastomas, gliomas, benign tumors of the skin
(e.g. keratoacanthomas), kidney carcinoma, ovary
carcinoma, bladder carcinoma and epidermal carcinoma.
As used herein, the term "alkyl" means a saturated,
straight-chain or branchedchain hydrocarbon containing
from 1 to 6, preferably from 1 to 3, carbon atoms,
such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
2-butyl, t-butyl. If said alkyl group is optionally
substituted with one or several halogen atoms, it is
preferably substituted with chlorine and fluorine,
especially fluorine. Examples are difluoromethyl,
trifluoromethyl, 2,2,2-trifluoroethyl, perfluorethyl
and the like. The term "halogen" as used herein
denotes fluorine, chlorine and bromine, preferably
fluorine and chlorine. 



The term "heteroarylene" means a mono- or bicyclic
aromatic ring with 5 to 10 ring atoms, which contains
up to 3, preferably 1 or 2 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms. Such heteroarylenes may be
optionally substituted one or two times by alkyl which
is defined as above, preferably by methyl. Examples of
such heteroarylenes arethiophenediyl, isoxazolediyl,
pyrrolidinyl, methylthiophenediyl, fiirandiyl,
imidazoldiyl, pyridinediyl, pyrimidinediyl,
pyrazinediyl, pyridazinediyl, triazinediyl,
pyrazolediyl, oxazolediyl, methylisoxazolediyl,
thiazolediyl, isothiazolediyl, thiadiazolediyl,
oxadiazolediyl, triazolediyl, benzothiophenediyl,
indolediyl, quinolinediyl, isoquinolinediyl,
benzofurandiyl and the like, preferably thiophenediyl,
isoxazolediyl, pyrrolediyl, especially thiophenediyl,
or especially isoxazolediyl. As used herein, the term
"alkylene" means a saturated, straight-chain or
branchedchain, preferably straight-chain hydrocarbon
containing from 1 to 5, preferably from 1 to 3, carbon
atoms, such as methylene, ethylene, trimethylene;
tetramethylene, pentamethylene, methylmethylene,
methylethylene (propylene), ethylethylene,
propylethylene, 1-methyltrimethylene,
2-methyltrimethylene, 1-ethyl trimethylene,
2-ethyltrimethylene. As used herein, the term
"alkenylene" means a unsaturated, straight-chain or
branched-chain, preferably straight-chain hydrocarbon
containing from 2 to 6, preferably from 2 to 4, carbon
atoms. Examples of such "alkenylenes" are vinylene
(ethenylene), allylene, isopropenylene, 1-propenylene,
2-methyl-l-propenylene, 1- butenylene, 2-butenylene,
3-butenylene, 2-ethyl-l-butenylene, 3-methyl-2-
butenylene, 1-pentenylene, 2-pentenylene,
3-pentenylene, 4-pentenylene, 4- methyl-3-pentenylene,
1-hexenylene, 2-hexenylene, 3-hexenylene, 4-hexenylene
and 5-hexenylene. The term "saturated carbocydic
group" means a monocyclic saturated hydrocarbon ring
with 3 to 7 ring atoms. Such saturated carbocyclic
groups may be optionally substituted one or two times
by alkyl which is defined as above, preferably by
methyl. Examples of such saturated carbocyclic groups
are cyclopropyl, cyclobutyl, and cycloheptyl,
preferably cyclopentyl or cyclohexyl. The term
"saturated heterocyclic group " means a saturated,
monocyclic hydrocarbon ring with 5 to 6 ring atoms
which contains up to 3, preferably 1 or 2 heteroatoms
selected independently from N, O or S and the
remaining ring atoms being carbon atoms. Such
saturated heterocyclic group can be optionally
substituted one to three, preferably one or two times
by alkyl, which is defined asabove, preferably by
methyl. Examples of such saturated heterocyclic groups
are pyrrolidinyl, morpholino, piperazinyl,
N-methyl-piperazinyl or piperidyl. The term
"heteroaryl group" means a mono- or bicyclic aromatic
ring with 5 to 10 ring atoms, which contains up to 3,
preferably 1 or 2 heteroatoms selected independently
from N, O or S and the remaining ring atoms being
carbon atoms. Such heteroaryl groups may be optionally
substituted one or two times by halogen, -CN, -C(O)OH,
-C(O)CH 3, -SCH3, -NH2, -CH2NH2, -CH2OH or alkyl,
preferably by alkyl, wherein alkyl and halogen are
defined as above. .Examples of such heteroaryl groups
are thiophenyl, methylthiophenyl, pyrazolyl,
dimethylisoxazolyl, pyridyl, benzothiophenyl, indolyl,
furyl, pyrrolyl, imidazolyl, pyrimidyl, pyrazinyl,
pyridazinyl, triazinyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, oxadiazolyl,
triazolyl, quinolyl, isoquinolyl, benzofuranyl and the
like, preferably thiophenyl, methylthiophenyl,
pyrazolyl, dimethylisoxazolyl, pyridyl,
benzothiophenyl or indolyl. The term "substituted
phenyl group" means a phenyl which is substituted one
to three times by alkyl, halogen, -O-alkyl,
-S(O)2-alkyl, -NH(alkyl) or -N(alkyl)2; wherein alkyl
and halogen are defined as above and the alkyl groups
may be optionally substituted with one or several
halogen atoms, preferably with chlorine and fluorine,
especially fluorine. The compounds according to the
present invention may exist in the form of their
pharmaceutically acceptable salts. The term
"pharmaceutically acceptable salt" refers to
conventional acid-addition salts or base-addition
salts that retain the biological effectiveness and
properties of the compounds of formula I and are 



formed from suitable non-toxic organic or inorganic
acids or organic or inorganic bases. Sample
acid-addition salts include those derived from
inorganic acids such as hydrochloric acid, hydrobromic
acid, hydroiodic acid, sulfuric acid, sulfamic acid,
phosphoric acid and nitric acid, and those derived
from organic acids such as ptoluenesulfonic acid,
salicylic acid, methanesulfonic acid, oxalic acid,
succinic acid, citric acid, malic acid, lactic acid,
fumaric acid, and the like. Sample base-addition salts
include those derived from ammonium, potassium, sodium
and, quaternary ammonium hydroxides, such as for
example, tetramethylammonium hydroxide. The chemical
modification of a pharmaceutical compound (i.e., a
drug) into a salt is a technique well known to
pharmaceutical chemists to obtain improved physicaland
chemical stability, hygroscopicity, flowability and
solubility of compounds. See, e.g., Stahl, P. H., and
Wermuth, G., (editors), Handbook of Pharmaceutical
Salts, Verlag Helvetica Chimica Acta (VHCA), Zurich,
(2002) or Bastin, R.J., et al., Organic Proc. Res.
Dev. 4 (2000) 427-435. An embodiment of the invention
are the compounds of formula I, wherein W is a
saturated carbocyclic group. An embodiment of the
invention are the compounds of formula I, wherein W is
a saturated heterocyclic group. An embodiment of the
invention are the compounds of formula I, wherein W is
a heteroaryl group. An embodiment of the invention are
the compounds of formula I, wherein W is a substituted
phenyl group. An embodiment of the invention are the
compounds of formula I, wherein R1 is (Ci-QOalkyl; V
is phenylene; Y -alkylene-O- or -alkylene-NH-; W is a
phenyl group, which is substituted one to three,
preferably one or two, times by alkyl, halogen,
-O-alkyl, -S(O)2-alkyl, -NH(alkyl) or -N(alkyl)2;
preferably by alkyl, and wherein the alkyl group may
be optionally substituted with one or several halogen
atoms, preferably with chlorine and fluorine,
especially with fluorine. An embodiment of the
invention are the compounds of formula I, wherein R1
is (Ci-C 3)alkyl; Y is phenylene; Y -alkylene-O- ; W
is a phenyl group, which is substituted one to three,
preferably one or two, times by alkyl,halogen,
-O-alkyl, -S(O)2-alkyl, -NH(alkyl) or -N(alkyl)2;
preferably by alkyl, and wherein the alkyl group may
be optionally substituted with one or several halogen
atoms, preferably with chlorine and fluorine,
especially with fluorine. An embodiment of the
invention are the compounds of formula I, wherein R1
is (Ci-C 3)alkyl; V is phenylene; Y -alkylene-NH- ; W
is a phenyl group, which is substituted one to three,
preferably one or two, times by alkyl, halogen,
-O-alkyl, -S(O)2-alkyl, -NH(alkyl) or -N(alkyl)2;
preferably by alkyl, and wherein the alkyl group may
be optionally substituted with one or several halogen
atoms, preferably with chlorine and fluorine,
especially with fluorine. An embodiment of the
invention are the compounds according to formula I-a,
wherein formula I-a 



wherein R is alkyl, which is optionally substituted
one or several times by halogen; Y -O-; -O-CHR 2-;
-alkylene-O-; -alkylene-O-CHR 2-; -NH-; -NH-CHR 2-;
-alkylene-NH-; -alkylene-NH-CHR 2-; or -alkenylene-;
R2 is alkyl or hydrogen; W is a saturated carbocyclic
group; a saturated heterocyclic group; a heteroaryl
group; or a substituted phenyl group; and all
pharmaceutically acceptable salts thereof. An
embodiment of the invention are the compounds
according to formula I-aa, wherein formula I-a-a
wherein R1 is alkyl, which is optionally substituted
one or several times by halogen; W is a saturated
carbocyclic group; a saturated heterocyclic group; a
heteroaryl group; or a substituted phenyl group; and
all pharmaceutically acceptable salts thereof. An
embodiment of the invention are the compounds of
formula I-a-a, wherein W is a saturated carbocyclic
group.An embodiment of the invention are the compounds
of formula I-a-a, wherein W is a saturated
heterocyclic group. An embodiment of the invention are
the compounds of formula Ia-a, wherein W is a
heteroaryl group. An embodiment of the invention are
the compounds of formula I-a-a, wherein W is a
substituted phenyl group. An embodiment of the
invention are the compounds of formula I-a-b formula
I-a-b wherein R1 is alkyl, which is optionally
substituted one or several times by halogen; R2 is
alkyl or hydrogen; W is a saturated carbocyclic group;
a saturated heterocyclic group; a heteroaryl group; or
a substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-a-b, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I-a-b,
wherein W is a saturated heterocyclic group.An
embodiment of the invention are the compounds of
formula I-a-b, wherein W is a heteroaryl group. An
embodiment of the invention are the compounds of
formula I-a-b, wherein W is a substituted phenyl
group. An embodiment of the invention are the
compounds of formula I-a-c formula I-a-c wherein R1 is
alkyl, which is optionally substituted one or several
times by halogen; W is a saturated carbocyclic group;
a saturated heterocyclic group; a heteroaryl group; or



a substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-a-c, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I-a-c,
wherein W is a saturated heterocyclic group. An
embodiment of the invention are the compounds of
formula I-a-c, wherein W is a heteroaryl group.An
embodiment of the invention are the compounds of
formula I-a-c, wherein W is a substituted phenyl
group. An embodiment of the invention are the
compounds of formula I -a-d formula I-a-d wherein R1
is allcyl, which is optionally substituted one or
several times by halogen; R2 is alkyl or hydrogen; W
is a saturated carbocyclic group; a saturated
heterocyclic group; a heteroaryl group; or a
substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-a-d, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I-a-d,
wherein W is a saturated heterocyclic group. An
embodiment of the invention are the compounds of
formula I-a-d, wherein W is a heteroaryl group. An
embodiment of the invention are the compounds of
formula I-a-d, wherein W is a substituted phenyl
group.An embodiment of the invention are the compounds
of formula I-a-e formula I-a-e wherein R1 is alkyl,
which is optionally substituted one or several times
by halogen; W is a saturated carbocyclic group; a
saturated heterocyclic group; a heteroaryl group; or a
substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-a-e, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I-a-e,
wherein W is a saturated heterocyclic group. An
embodiment of the invention are the compounds of
formula I-a-e, wherein W is a heteroaryl group. An
embodiment of the invention are the compounds of
formula I-a-e, wherein W is a substituted phenyl
group.An embodiment of the invention are the compounds
of formula I-a-f formula I-a-f wherein R1 is alkyl,
which is optionally substituted one or several times
by halogen; R2 is alkyl or hydrogen; W is a saturated
carbocyclic group; a saturated heterocyclic group; a
heteroaryl group; or a substituted phenyl group; and
all pharmaceutically acceptable salts thereof. An
embodiment of the invention are the compounds of
formula I-a-f, wherein W is a saturated carbocyclic
group. An embodiment of the invention are the
compounds of formula I-a-f, wherein W is a saturated
heterocyclic group. An embodiment of the invention are
the compounds of formula I-a-f, wherein 



W is a heteroaryl group. An embodiment of the
invention are the compounds of formula I-a-f, wherein
W is a substituted phenyl group.An embodiment of the
invention are the compounds of formula I-a-g formula
I-a-g wherein R1 is alkyl, which is optionally
substituted one or several times by halogen; W is a
saturated carbocyclic group; a saturated heterocyclic
group; a heteroaryl group; or a substituted phenyl
group; and all pharmaceutically acceptable salts
thereof. An embodiment of the invention are the
compounds of formula I-a-g, wherein W is a saturated
carbocyclic group. An embodiment of the invention are
the compounds of formula I-a-g, wherein W is a
saturated heterocyclic group. An embodiment of the
invention are the compounds of formula I-a-g, wherein
W is a heteroaryl group. An embodiment of the
invention are the compounds of formula I-a-g, wherein
W is a substituted phenyl group.An embodiment of the
invention are the compounds of formula I-a-h formula
I-a-h wherein R1 is alkyl, which is optionally
substituted one or several times by halogen; R2 is
alkyl or hydrogen; W is a saturated carbocyclic group;
a saturated heterocyclic group; a heteroaryl group; or
a substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-a-h, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I-a-h,
wherein W is a saturated heterocyclic group. An
embodiment of the invention are the compounds of
formula I-a-h, wherein W is a heteroaryl group. An
embodiment of the invention are the compounds of
formula I-a-h, wherein W is a substituted phenyl
group.An embodiment of the invention are the compounds
of formula I-a-i formula I-a-i wherein R1 is alkyl,
which is optionally substituted one or several times
by halogen; W is a saturated carbocyclic group; a
saturated heterocyclic group; a heteroaryl group; or a
substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-a-i, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I-a-i,
wherein W is a saturated heterocyclic group. An
embodiment of the invention are the compounds of
formula I-a-i, wherein W is a heteroaryl group. An
embodiment of the invention are the compounds of
formula I-a-i, wherein W is a substituted phenyl
group.bodiment of the invention are the compounds of
formula I-b formula I-b wherein R1 is alkyl, which is
optionally substituted one or several times by
halogen; Y -O-; -O-CHR2-; 



-alkylene-O-; -alkylene-O-CHR2-; -NH-; -NH-CHR 2-;
-alkylene-NH-; -alkylene-NH-CHR2-; or -alkenylene-; R2
is alkyl or hydrogen; W is a saturated carbocyclic
group; a saturated heterocyclic group; a heteroaryl
group; or a substituted phenyl group; and all
pharmaceutically acceptable salts thereof.An
embodiment of the invention are the compounds of
formula I-b-a formula I-b-a wherein R1 is alkyl, which
is optionally substituted one or several times by
halogen; W is a saturated carbocyclic group; a
saturated heterocyclic group; a heteroaryl group; or a
substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-b-a, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I-b-a,
wherein W is a saturated heterocyclic group. An
embodiment of the invention are the compounds of
formula I-b-a, wherein W is a heteroaryl group. An
embodiment of the invention are the compounds of
formula I-b-a, wherein W is a substituted phenyl
group.An embodiment of the invention are the compounds
of formula I-b-b formula I-b-b wherein R1 is alkyl,
which is optionally substituted one or several times
by halogen; R2 is alkyl or hydrogen; W is a saturated
carbocydic group; a saturated heterocyclic group; a
heteroaryl group; or a substituted phenyl group; and
all pharmaceutically acceptable salts thereof. An
embodiment of the invention are the compounds of
formula I-b-b, wherein W is a saturated carbocyclic
group. An embodiment of the invention are the
compounds of formula I-b-b, wherein W is a saturated
heterocyclic group. An embodiment of the invention are
the compounds of formula I-b-b, wherein W is a
heteroaryl group. An embodiment of the invention are
the compounds of formula I-b-b, wherein W is a
substituted phenyl group.An embodiment of the
invention are the compounds of formula I-b-c formula
I-b-c wherein R1 is allcyl, which is optionally
substituted one or several times by halogen; W is a
saturated carbocyclic group; a saturated heterocyclic
group; a heteroaryl group; or a substituted phenyl
group; and all pharmaceutically acceptable salts
thereof. An embodiment of the invention are the
compounds of formula I-b-c, wherein W is a saturated
carbocyclic group. An embodiment of the invention are
the compounds of formula I-b-c, wherein 



W is a saturated heterocyclic group. An embodiment of
the invention are the compounds of formula I-b-c,
wherein W is a heteroaryl group. An embodiment of the
invention are the compounds of formula I-b-c, wherein
W is a substituted phenyl group.An embodiment of the
invention are the compounds of formula I-b-d formula
I-b-d wherein R1 is alkyl, which is optionally
substituted one or several times by halogen; R2 is
alkyl or hydrogen; W is a saturated carbocyclic group;
a saturated heterocyclic group; a heteroaryl group; or
a substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-b-d, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I b-d,
wherein W is a saturated heterocyclic group. An
embodiment of the invention are the compounds of
formula I-b-d, wherein W is a heteroaryl group. An
embodiment of the invention are the compounds of
formula I-b-d, wherein W is a substituted phenyl
group.An embodiment of the invention are the compounds
of formula I-b-e formula I-b-e wherein R1 is alkyl,
which is optionally substituted one or several times
by halogen; W is a saturated carbocyclic group; a
saturated heterocyclic group; a heteroaryl group; or a
substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-b-e, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I-b-e,
wherein W is a saturated heterocyclic group. An
embodiment of the invention are the compounds of
formula I-b-e, wherein W is a heteroaryl group. An
embodiment of the invention are the compounds of
formula I-b-e, wherein W is a substituted phenyl
group.An embodiment of the invention are the compounds
of formula I-b-f formula I-b-f wherein R1 is alkyl,
which is optionally substituted one or several times
by halogen; R2 is alkyl or hydrogen; W is a saturated
carbocyclic group; a saturated heterocyclic group; a
heteroaryl group; or a substituted phenyl group; and
all pharmaceutically acceptable salts thereof. An
embodiment of the invention are the compounds of
formula I-b-f, wherein W is a saturated carbocyclic
group. An embodiment of the invention are the
compounds of formula I-b-f, wherein W is a saturated
heterocyclic group. An embodiment of the invention are
the compounds of formula I-b-f, wherein W is a
heteroaryl group. An embodiment of the invention are
the compounds of formula I-b-f, wherein W is a
substituted phenyl group.An embodiment of the
invention are the compounds of formula I-b-g formula
I-b-g wherein 



R1 is alkyl, which is optionally substituted one or
several times by halogen; W is a saturated carbocyclic
group; a saturated heterocyclic group; a heteroaryl
group; or a substituted phenyl group; and all
pharmaceutically acceptable salts thereof. An
embodiment of the invention are the compounds of
formula I-b-g, wherein W is a saturated carbocyclic
group. An embodiment of the invention are the
compounds of formula I-b-g, wherein W is a saturated
heterocyclic group. An embodiment of the invention are
the compounds of formula I-b-g, wherein W is a
heteroaryl group. An embodiment of the invention are
the compounds of formula I-b-g, wherein W is a
substituted phenyl group.An embodiment of the
invention are the compounds of formula I-b-h formula
I-b-h wherein R1 is alkyl, which is optionally
substituted one or several times by halogen; R2 is
alkyl or hydrogen; W is a saturated carbocyclic group;
a saturated heterocyclic group; a heteroaryl group; or
a substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-b-h, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I-b-h,
wherein W is a saturated heterocyclic group. An
embodiment of the invention are the compounds of
formula I-b-h, wherein W is a heteroaryl group. An
embodiment of the invention are the compounds of
formula I-b-h, wherein W is a substituted phenyl
group.An embodiment of the invention are the compounds
of formula I-b-i formula I-b-i wherein R is alkyl,
which is optionally substituted one or several times
by halogen; W is a saturated carbocyclic group; a
saturated heterocyclic group; a heteroaryl group; or a
substituted phenyl group; and all pharmaceutically
acceptable salts thereof. An embodiment of the
invention are the compounds of formula I-b-i, wherein
W is a saturated carbocyclic group. An embodiment of
the invention are the compounds of formula I-b-i,
wherein W is a saturated heterocyclic group. An
embodiment of the invention are the compounds of
formula I-b-i, wherein W is a heteroaryl group.An
embodiment of the invention are the compounds of
formula I-b-i, wherein W is a substituted phenyl
group. Yet another embodiment of the invention is the
process for the manufacture of the compounds of
formula I, especially their (R)- and (S) enantiomers,
by reacting a compound of formula IV formula IV,
wherein R3 is an alkyl group; with an racemic, or (R)-
or (S)-amine of the formula X formula X, wherein
V5W,Yand R1 have the meaning given hereinabove for
formula I, in the presence of a suitable activating
agent, 



to give a compound of formula XI formula XI,which is
treated with hydroxylamine to give the respective
compound of formula I; and if desired, transforming
said compound into its pharmaceutically acceptable
salt. The compounds of formula I, or a
pharmaceutically acceptable salt thereof, which are
subject of the present invention may be prepared by
any process known to be applicable to the preparation
of chemically-related compounds. Such processes, when
used to prepare a thiophene hydroxamic acid derivative
of the formula I, or a pharmaceuticaUy-acceptable salt
thereof, are illustrated by the following
representative schemes and examples in which, unless
otherwise stated, W,Y,V and R1 have any of the
meanings defined hereinbefore. Necessary starting
materials may be obtained by standard procedures of
organic chemistry. The preparation of such starting
materials is described within the accompanying
examples. Alternatively necessary starting materials
are obtainable by analogous procedures to those
illustrated which are within the ordinary skill of an
organic chemist. Depending on the nature of the linker
Y, the compounds of formula I or formula XI can be
prepared by different synthetic pathways. In the
following schemes A to E and the corresponding
descriptions some of the reaction sequences are
illustrated. A) Compounds of the formulas I and XI
wherein Y is -alkylene-NH-, -alkylene-O-, -
O-alkylene-, -NH- or -O- and W, V, R1 and R3 are as
defined for formula I, can be prepared according to
scheme A and are named XI-A and I-A. In the following
scheme A several methods for the manufacture of the
compounds of formulas I or I-A are illustrated:Scheme
A In scheme A, V,W and R1 are defined as for formula I
and R3 is alkyl or optionally substituted benzyl. Fg
means a functional group suitable for metal
catalyzed(cross-) coupling reactions like e.g.
fluoride, iodide, bromide, chloride, triflate, boronic
acids, boronic acid pinacolesters or trialkylstannanes
(e.g. Me3Sn, Bu3Sn) or other suitable functional
groups. Pg means a protecting group like e.g. benzyl-,
p-methoxybenzyl-, tert-butyloxycarbonyl-, trityl-, or
silyl groups such as the trimethylsilyl- or
dimethyl-tert-butylsilyl group or other suitable
protecting groups. (A-I-I) Some of the amines of the
general formulas III, VII or X, wherein W, Y, V, Fg
and Pg are defined as hereinbefore, are commercially
available. They can also be prepared for example by
reductive animation from the corresponding ketones of
general formulas II, VI or IX. This reaction is
typically carried out as a one-pot reaction with the
formation of the imine and its subsequent reduction to
the amine taking place in the same reaction vessel.
The reaction mixture usually contains a source of
ammonia for example NH OAc and a reducing agent for
example sodium cyanoborohydride and is heated in a
suitable solvent e.g. methanol. (A-l-2) Another method
for the preparation of amines of general formulas III,
VII or X is the addition of a Grignard reagent R1-MgBr
or an organolithium compounds Li-R1 with R1 as defined
hereinbefore to an aromatic nitrile of the general
formulas XII, XIII or XIV wherein W, Y, V , Fg and Pg
are defined as hereinbefore and subsequent reduction
of the imine (Synth. Commun. 1998, 28(21), 4067). Pure
(R) and (S) enantiomers of amines of the formulas III,
VII or X in which W, Y, V, R1, Pg and Fg have the
meaning defined hereinbefore are commercially
available or can be prepared from commercially
available, optional enantiomerically pure precursors
by standard procedures of organic chemistry. (A-l-3) A
method to introduce the chiral center of formulas III,
VII or X is for example the enantioselective reduction
of the corresponding arylalkylketone of formulas II,
VI or IX. This can be accomplished e.g. with a
combination of the chiral CBS (Corey, Bakshi, Shibata)
reagent and the borane-THF complex, the
borane-diethylaniline complex or the
borane-dimethylsulfide as the reducing agent (Corey,
E.J., et al., Angew. Chemie 110 (1998) 2092-2118). Yet
another method for the enantioselective reduction of
the arylalkylketone of formulas II, VI or IXemploys
diisopinocampheylchloroborane in a suitable solvent
e.g. THF and 



subsequent work up with e.g. H2O2ZNaHCO or
diethanolamine (Brown, H.C., et al., J. Am. Chem. Soc.
110 (1988) 1539-1546; Wiegers, A., and Scharf, H.-D.,
Tetr.Asym. 7 (1996) 2303-2312). Another method is the
asymmetric catalytic hydrogenation of the
arylalkylketone of formulas II, VI or IX in the
presence of transition metal catalyst with chiral
ligands of Noyori type (Noyori, R., et al., Angew.
Chem. 113 (2001) 40-75). The chiral alcohols that are
obtained in these enantioselective reductions of the
arylalkylketone of formulas II, VI or IX can then be
converted to the amines of formulas III, VTI or X by
standard procedures of synthetic chemistry as
described e.g. in Chen, C-P., et al., Tetrahedron
Lett. 32 (1991) 7175-7178: displacement of the hydroxy
group with a nitrogen functionality (for example with
azide or with phthalimide) under Mitsunobu conditions
(Mitsunobu, O., Synthesis 1 (1981) 1-28) and
subsequent conversion to the amine (e.g. reduction of
the azide with triphenylphosphine or catalytic
hydrogenation (Pd/C, H2, CF3COOH) or hydrazinolysis of
the phthalimide) . (A-l-4) Another method for the
asymmetric preparation of l-(aryl)ethylamines is the
nucleophilic addition of methyl lithium to chiral
oxime ethers (Yamazaki, N., et al., Tetrahedron Lett.
42 (2001) 5029-5032) and subsequent conversion to the
amine. (A-l-5) Racemic amines of the of formulas III,
VII or X in which W, Y, V, R1, Pg and Fg have the
meaning defined hereinbefore can be separated into
their enantiomers by known procedures as, for example,
fractional crystallization of the diastereomeric salts
that are formed with suitable chiral enantiomerically
pure acids (Smith, H.E., et al., J. Am. Chem. Soc. 105
(1983) 1578-1584; US 4,983,771). These acids may be
commercially available, e.g. mandelic acid, tartaric
acid, lactic acid, camphoric acid, camphorsulfonic
acid, N-acetylleucine, dibenzoyltartaric acid or they
are especially designed for the resolution of
l-arylethylamines for example 2- naphtylglycolic acid
(Kinbara, K., et al., J. Chem. Soc, Perkin Trans.2
(2000) 1339- 1348) or isopropylidene glycerol
3-carboxy-2-naphtoate (Pallavicini, M., Tetr. Asym. 12
(2001) 2489-2495). (A- 1-6) Another method for the
separation of the two enantiomers of racemic amines of
formulas III, VII or X is the enzyme catalyzed
resolution, for example with lipase from Candida
Antarctica B (Rasor, J.P., and Voss, E., Applied
CatalysisA: General 221 (2001) 145-158; Iglesias,
L.E., et al., Tetr. Asym. 8 (1997) 2675- 2677) (A-2-1)
Compounds of formula V, wherein Pg, Fg, V and R1 have
the meaning defined hereinbefore, are prepared from
compounds of the formula IV, wherein R3 is a
(Q-C^alkyl group, preferably a methyl, ethyl or
tert-butyl group or optionally substituted benzyl,
with an amine of formula III. This reaction typically
involves a two-step one-pot procedure. In the first
step, the carboxylic acid of the formula IV becomes
activated. This reaction is carried out in an inert
solvent or diluent, for example, in dichloromethane,
dioxane, or tetrahydrofuran, in the presence of an
activating agent. A suitable reactive derivative of an
acid is, for example, an acyl halide, for example an
acyl chloride formed by the reaction of the acid and
an inorganic acid chloride, for example thionyl
chloride; a mixed anhydride, for example an anhydride
formed by the reaction of the acid and a chloroformate
such as isobutyl chloroformate; an active ester formed
by the reaction of the acid and a phenol such as
pentafluorophenol; an active ester formed by the
reaction of the acid and Nhydroxybenzotriazole; the
corresponding carbonylimidazole of compounds of
formula IV formed by the reaction of the acid and
N,N'-carbonyldiimidazole; an acyl azide formed by the
reaction of the acid and an azide such as
diphenylphosphoryl azide; an acyl cyanide formed by
the reaction of an acid and a cyanide such as
diethylphosphoryl cyanide; or the product of the
reaction of the acid and a carbodiimide such as
dicyclohexylcarbodiimide, or the product of the
reaction of the acid and
bis-(2-oxo-3-oxazolidinyl)-phosphorylchloride. The
reaction is carried out between -300C and 600C,
conventionally at or below 00C. In the second step, an
amine of the formula III, in which V, Fg ,Pg and R1
have the meaning defined hereinbefore is added to the
solution, at the temperature used for 



the activation, and the temperature is slowly adjusted
to ambient temperature. An appropriate scavenger base
like e.g. triethylamine, or diisopropylethylamine may
be added to the reaction mixture. These methods are
well known to those skilled in the art. In principle,
all methods for the synthesis of amides as used in
peptide chemistry as described in e.g. Houben-Weyl,
"Methoden der organischen Chemie", VoIs.XV/1 and XV/2,
Georg Thieme Verlag, Stuttgart, are also
applicable.Compounds of formula IV are described in
the literature as for example in US 2,680,731 and
Gaddard, CJ. et al., J. Heterocycl. Chem. 28 (1991)
17. These monoesters are usually prepared by selective
saponification of the diester or oxidation of the
corresponding aldehyde, but other methods may be
useful as well and are well known to those skilled in
the art. (A-2-2) Analogously the compounds of formula
VIII, wherein V, R1, R3 and Fg are defined as
hereinbefore can be obtained by the reaction of
compounds of formula IV with an amine of the formula
VII, wherein Fg, V and R1 have the meaning defined
hereinbefore. The reaction can be carried out under
conditions as described for the preparation of
compounds of formula II in section (A-2-1). (A-2-3) In
an analogous manner compounds of formula XI, wherein
W,YV, R1 are R3 defined as hereinbefore, can be
obtained by the reaction of compounds of formula IV
with an amine of the formula X, wherein W, Y, V and R1
have the meaning defined hereinbefore. The reaction
can be carried out under conditions as described for
the preparation of compounds of formula II in section
(A-2-1). (A-3-1) After the amide formation reaction
(A-2-1) the functional group Fg in formula V bears a
suitable protecting group Pg which is liberated to
give compounds of formula VIII. The deprotection
reaction applied depend on the type of the protecting
group. (A-4-1) Compounds of the formula XI wherein Yis
-alkylene-NH- or -NHand W, V, R1, R3 as defined for
formula I, can be prepared by a palladium catalyzed
cross coupling reaction between compounds of formula
VIII and a compound of formula XV, XVwherein W and Y
have the meaning defined hereinbefore. This reaction
may be for example, but is not limited to, of
Buchwald-Hartwig type and related reactions (Fg is
iodide, bromide, triflate or chloride; see e.g. Kwong,
F.Y., Org. Lett. 4 (2002) 581-548; Louie, J., et al.,
J. Org. Chem. 62 (1997) 1268- 1273; Wolfe, J.P., et
al., J. Am. Chem. Soc. 119 (1997) 6054-6058; Yin, J.
et al., Org. Lett. 4 (2002) 3481-3484; Mann, G., et
al., J. Am. Chem. Soc. 120 (1998) 827-828). Another
method is a palladium catalyzed cross coupling
reaction between compounds of formula XV and an
arylboronic acid of formula VTII wherein Fg is B(OH) 2
(see e.g. Chan, D.T.M., et al., Tetrahedron Lett. 39
(1998) 2933-2936; Lam, P.Y.S., et al., Tetrahedron
Lett. 39 (1998) 2941-2944). (A-4-2) Compounds of the
formula XI wherein Y is -O- , -alkylene-O- or -
O-alkylene- and W, V, R1, R3 as defined for formula I
can be prepared by a coupling reaction between
compounds of formula VTII and a compound of formula
XVT, XVI wherein W has the meaning defined
hereinbefore and G is a functional group (which is
compatible to Fg) as defined herein below in this
section. This reaction may be for example, but is not
limited to, of Ullmann type or the reaction may be
palladium catalyzed or copper catalyzed (Fg is F, Br,
I or OTf and G is -OH , -alkylene-OH; or Fg is -OH,
-alkylene-OH and G is F, Br, I or OTf; see e.g.
Yeager, G.W., et al., Synthesis 1 (1995) 28-30;
Aranyos, A,, et al. J. Am. Chem. Soc. 121 (1999)
4369-4378; Palucki, M., et al., J. Am. Chem. Soc. 119
(1997) 3395- 3396; Marcoux, J.-F., et al., J. Am.
Chem. Soc. 119 (1997) 10539-10540). Another method is
a copper catalyzed cross coupling reaction between
compounds of formula XVI and compounds of formula VTII
with Fg is B(OH) 2 and G is -OH , -alkylene-OH or Fg
is -OH , -alkylene-OH and G is B(OH) 2; see e.g.
Evans, D.A., et al., Tetrahedron Lett. 39 (1998)
2937-2940).(A-5-1) One method for the production of
compounds of the formula I involves the reaction of
compounds of the formula XI, wherein W, Y, V and R1 



have the meaning defined hereinbefore and R3 is a
(C1-C JaIkVl group, preferably a methyl, ethyl or
tert-butyl group, or optionally substituted benzyl
group, with hydroxylamine in the presence of a
suitable base. The reaction is carried out in an inert
solvent or diluent such as methanol or ethanol at
temperatures between 00C and 1000C, conventionally at
or near ambient temperature, and at a pH between 10
and 12. A suitable base is, for example, an
alcoholate, e.g. sodium methylate. Instead of
generating hydroxylamine in situ, it can b e released
separately and can be applied as a solution in an
organic solvent, as for example an alcohol like
methanol or ethanol. (A-5-2) Another method for the
preparation of compounds of the formula I is a
reaction sequence via the carboxylic acids of formula
XVII XVII wherein V,W, Y and R1 have the meaning as
defined hereinbefore. These intermediates of formula
XVII are prepared from compounds of the formula XI by
hydrolysis. The conditions under which the hydrolysis
is carried out depend on the nature of the group R .
When R3 is a methyl or ethyl group, the reaction is
carried out in the presence of a base, for example,
lithium hydroxide, sodium hydroxide, or potassium
hydroxide in an inert solvent or diluent, for example,
in methanol or ethanol. When R is a tert-butyl group,
the reaction is carried out in the presence of an
acid, for example, a solution of hydrochloric acid in
an inert solvent such as diethyl ether or dioxane, or
trifluoroacetic acid in dichloromethane. When R3 is a
benzyl group, the reaction is carried out by
hydrogenolysis in the presence of a noble metal
catalyst such as palladium or platinum on a suitable
carrier, such as activated carbon. Not necessarily all
methods of hydrolysis are compatible with all groups Y
or R1. In cases where the features ofthese groups do
not allow the usage of a certain method of hydrolysis,
other methods of preparation need to be applied.
Compounds of formula XVII are new and also subject of
the present invention. Subsequent reaction of the
acids of formula XVII with hydroxylamine yields the
compounds of formula I. This reaction typically
involves a two-step one-pot procedure. In the first
step, the carboxylic acid of the formula XVII becomes
activated. This reaction is carried out in an inert
solvent or diluent, for example, in dichloromethane,
dioxane, or tetrahydrofuran, in the presence of an
activating agent. A suitable reactive derivative of an
acid is, for example, an acyl halide, for example an
acyl chloride formed by the reaction of the acid and
an inorganic acid chloride, for example thionyl
chloride; a mixed anhydride, for example an anhydride
formed by the reaction of the acid and a chloroformate
such as isobutyl chloroformate; an active ester, for
example an ester formed by the reaction of the acid
and a phenol such as pentafluorophenol; an active
ester formed by the reaction of the acid and
N-hydroxybenzotriazole; an acyl azide, for example an
azide formed by the reaction of the acid and an azide
such as diphenylphosphoryl azide; an acyl cyanide, for
example a cyanide formed by the reaction of an acid
and a cyanide such as diethylphosphoryl cyanide; or
the product of the reaction of the acid and a
carbodiimide such as dicyclohexylcarbodiimide, or the
product of the reaction of the acid and
bis-(2-oxo-3-oxazolidinyl)-phosphorylchloride. The
reaction is carried out between -300C and 600C,
conventionally at or below 00C. In the second step,
hydroxylamine is added to the solution, at the
temperature used for the activation, and the
temperature is slowly adjusted to ambient temperature.
These methods are well known to those skilled in the
art. In principle, all methods for the synthesis of
amides as used in peptide chemistry as described in
e.g. Houben-Weyl, "Methoden der organischen Chemie",
VoIs.XV/1 and XV/2 are also applicable. In the
following, further methods for the preparation of
compounds of the general formula I are described which
are not explicitly shown in scheme 1.One alternative
route for the preparation of compounds of the formula
I is the introduction of O-protecting groups Q for the
hydroxamic acid moiety of compounds of formula I and
deprotection of the hydroxamate in the final reaction
step to liberate compounds of formula I. 



Suitable O-protecting groups Q may be benzyl-,
p-methoxybenzyl-, tertbutyloxycarbonyl-, trityl-, or
silyl groups such as the trimethylsilyl- or
dimethyltert- butylsilyl-group. To introduce these
protecting groups into intermediates V or VIII, an
analogous reaction route as described in section
(A-5-2) can be chosen. The first step is the
hydrolysis of those compounds to the corresponding
carboxylic acids, which are activated and subsequently
reacted with Q-O-NH 2 to the desired O-protected
hydroxamates. The final deprotection reactions applied
depend on the type of the protecting group. When the
protecting group is a benzyl- or p-methoxybenzyl
group, the reaction carried out is a hydrogenolysis in
an inert solvent such as an alcohol like methanol or
ethanol, in the presence of a noble metal catalyst
such as palladium on a suitable carrier such as
carbon, barium sulfate, or barium carbonate, at
ambient temperature and pressure. When the protecting
group is the tert-butyloxycarbonyl- , trityl-, or a
silyl group such as the trimethylsilyl- or
dimethyl-tert-butylsilyl-group, the reaction is
carried out in the presence of acids at a temperature
between -200C and 600C, preferably between 00C and
ambient temperature. The acid may be a solution of
hydrochloric acid in an inert solvent such as diethyl
ether or dioxane, or trifluoro acetic acid in
dichloromethane. When the protecting group is a silyl
group such as the trimethylsilyl or
dimethyl-tert-butylsilyl group, the reaction can also
be carried out in the presence of a fluoride source
such as sodium fluoride or tetrabutyl ammonium
fluoride in an inert solvent such as dichloromethane.
Not necessarily all protecting groups Q are compatible
with all groups Y, X and R1. In cases where the
features of these groups don't allow the usage of a
certain protecting group, other protecting groups Q or
other methods of preparation need to be applied.
Compounds of formula I can also be prepared with
methods of solid phase supported synthesis.
2,5-thiophenedicarboxylic acid is reacted with
ahydroxylamine moiety (-0-NH 2) bound to a resin, e.g.
hydroxylamine Wang resin or hydroxylamine
2-chlorotrityl resin to form a resin-bound hydroxamic
acid. The second carboxylic acid moiety is reacted
with amines of formula III, VII, or X, wherein V,W,Y,
and R1 have the meaning defined hereinbefore and Fg
represents a suitable functional group as described
hereinbefore, by standard methods of amide bond
formation as described in e.g. Houben-Weyl, "Methoden
der organischen Chemie", VoIs. XV/1 and XV/2.
Optionally, the present protecting group Pg has to be
cleaved, and ring W and linker Yhaving the meaning as
described hereinbefore have to be introduced. This can
be done as described in section (A-4-1) or (A-4-2).
After this, the hydroxamic acid is liberated from the
solid support. This can be done for example with TFA.
Typically, the cleavage of the hydroxamic acids is
achieved by treatment of the resin with 50% TFA in
dichloromethane in the presence of triisopropyl silane
at ambient temperature. The crude products can be
purified by LC-MS, if necessary. A method for the
production of pure (R)-and (S)-enantiomers of formula
I includes the employment of enantiomerically pure
amines of formulas III, VII or X within the synthesis
of the compounds of formula V, VIII, and XI as
described in section (A-2-1) to (A-2-3). Yet another
method for the preparation of pure (R)-and
(S)-enantiomers of compounds of formula I is the
synthesis of racemic compounds according to methods
(A-I-I) to (A-5-2), (B-I) to (B-6), (C-I) to (C-4),
(D-I) to (D-5) or (E-I) to (E-5). The racemates can be
separated subsequently into both enantiomers on either
the stage of the final products or the precursors of
formula XI. The separation can be performed by
chromatography on an analytical, semipreparative or
preparative scale using suitable optically active
stationary phases with suitable eluents. Suitable
optically active stationary phases include, but are
not limited to, silica (e.g. ChiraSper, Merck;
Chiralpak OT/OP, Baker), cellulose or amylose esters
or carbamates (e.g. Chiralpak AD, Daicel Chemical
Industries Ltd.; Chiracel ODCSP, Daicel; Chiracel
OB/OY, Baker) or others (e.g. Crownpak, Daicel or
Chiracel OJ-R, Baker). Suitable eluents include, but
are not limited to hexane, heptane, 



ethanol, isopropanol, acetonitrile, water and mixtures
thereof. Other methods for the separation of
enantiomers can also be applied, like the formation of
diastereomeric compounds from compounds of the formula
I together with other optically active compounds, e.g.
camphorsulfonic acid or brucin, and separation ofthese
diastereomeric compounds, followed by the liberation
from the optically active agent. Depending on the
nature of the linker Y, the compounds of formula XI
can be prepared by different synthetic pathways.
Section A described the synthesis of compounds of the
general formula IX-A with Y= -alkylene-NH-,
-alkylene-O-, -Oalkylene, -NH- or -O-. In the
following schemes B to E additional reaction sequences
for the preparation of compounds XI with other linkers
and the corresponding descriptions are illustrated. B)
Compounds of the formula XI, wherein Yis
-alkylene-NH-CHR 2- or -NH-CHR 2-, can be prepared
according to scheme B and are named XI-B. In the
following scheme B, the linker Y, which is
-alkylene-NH-CHR 2- or -NH-CHR 2-, is represented by
-T-NH-CHR 2-, wherein T means a single bond or
alkylene as defined for formula I.Scheme B In scheme
B, V, W, R1 and R2 are defined as for formula I and R3
is alkyl or optionally substituted benzyl. X is O or S
and R4 is alkyl or both XR4 form an optionally
substituted dioxolane, dioxane, dithiolane or dithiane
ring. T is a single bond or alkylene (B-I) Nitriles of
the general formula XIX, wherein ring V and R2 have
the meaning defined hereinbefore, are commercially
available or they can be prepared by standard
procedures of organic chemistry. One example is the
addition of organocadmium R2 2Cd or lithium
organocuprates LiCuR2 2 , wherein R2 has the meaning
defined hereinbefore, to acyl halides of the general
formula XVIII, wherein ring V has the meaning defined
hereinbefore.(B-2) The Fg protected nitrile of the
formula XX (with X is O, S, and R4 is alkyl or both
XR4 forming an optionally substituted dioxolane,
dioxane, dithiolane or dithiane ring) can be prepared
for example from nitriles of the general formula XIX
(scheme B), wherein V has the meaning defined
hereinbefore, by treating the carbonyl group e.g. with
an alcohol or a diol like ethylene glycol or
1,3-propanediol or a thiol or a dithiol in the
presence of an acid (toluene sulfonic acid, boron
trifluoride etherate, HCl, pyridinium tosylate, acetic
acid and the like) to give the nitriles of formula XX.
(B-3) Then the nitrile group is converted into an
amine for example by addition of Grignard (R1MgBr) or
organolithium (R1Li) compounds and subsequent
hydrolysis to form the corresponding carbonyl compound
which is subjected to reductive amination as described
in (A-I-I) to form an amine of formula XXI. (B-4)
Compounds of the general formula XXII can be obtained
by the reaction of compound IV with Fg protected
amines of the formula XXI. The reaction can be carried
out under conditions as described for the preparation
of compounds of formula V in section (A-2-1). (B-5)
Compounds of the formula XXIII can be obtained from
the functional group (Fg) protected compounds of
formula XXII (with Pg-Fg- is (R4X)2CR2-) with X is O,
S, and R4 is alkyl or both XR4 forming an optionally
substituted dioxolane, dioxane, dithiolane or dithiane
ring ) by acidic hydrolysis of the ketal (X is O) or
by reaction with mercury(II) salts or oxidation of the
thioketal (X is S). (B-6) Compounds of formula XI-B
can be prepared by reductive amination of a primary
amine of the general formula XXIV, wherein T1 means a
bond or alkylene as defined hereinbefore, with a
carbonyl compound of the general formula XXIII. The
condensation is typically achieved by heating the
amine and the carbonyl compound in a suitable solvent
like for example ethanol, methanol, acetonitrile or
N,N-dimethylforrnamide (DMF) at temperatures between
20C and 1500C. Typical reducing agent for the
subsequent reduction of the imine to the amine XI-B
are e.g. sodium cyanoborohydride, sodium borohydride
in suitable solvents like e.g. THF 



or methanol.C) Compounds of the formula XI wherein Y
is -alkylene-NH- can be prepared according to scheme C
and are named XI-C. In the following scheme C the
linker Y, which is -alkylene-NH-, is represented by
-T-CHR 5-NH-, wherein T is a single bond or alkylene
and R5 is alkyl, so that the resulting group -T-CHR
5-NH- forms an -alkylene-NH- group as defined for
formula I. Scheme C In scheme C, V,W and R are defined
as for formula I and R3 is alkyl or optionally
substituted benzyl. R5 is alkyl and T is a single bond
or alkylene. (C-I) The amine of the formula XXVI
(comprising a nitro group as protecting group or
precursor group for a further amino function) can be
prepared for example from ketones of formula
XXV,wherein V and R1have the meaning defined
hereinbefore, by reductive amination as described in
(A-I-I) yielding compounds of formula XXVI. Instead of
the nitro group, other suitable amino protecting
groups or groups, which can be easily converted to an
amino group after the reaction of XXVI with IV, might
also be employed.(C-2) Compounds of the general
formula XXVII can be obtained by the reaction of
compounds of formula IV with Fg protected amine of the
formula XXVI (-NO2 as amino protecting group). The
reaction can be carried out under conditions as
described for the preparation of compounds of formula
V in section (A-2-1). (C-3) Compounds of the formula
XXVIII can be obtained from the Fg protected compounds
of formula XXVII by reduction of the nitro group for
example by catalytic hydrogenation or chemical
reducing agents (e.g. SnCl2, Fe, Zn) in acidic
solution to form compounds XXVIII. (C-4) Compounds of
the formula XI-C can be prepared by reductive
amination of a primary amine of the general formula
XXVIII with a carbonyl compound of the general formula
XXIX. The reaction can be carried out under conditions
as described for the preparation of compound XI-B in
section (B-6). D) Compounds of the formula XI wherein
Y is -alkylene-O-CHR 2-, -O-CHR 2-, -alkylene-O- or
-O-, can be prepared according to schemes D-I and D-2
and are named XI-D. In the following scheme D-I the
linker Y, which is -alkylene-O-CHR 2- or -OCHR2-, is
represented by -T-O-CHR 2-, wherein T means a single
bond or alkylene as defined hereinbefore.Scheme D-I In
scheme D-I, V, W, R1 and R2 are defined as for formula
I and R3 is alkyl or optionally substituted benzyl. G1
is -Br, -I, -Cl, -tosylate, -mesylate and the like. T
is a single bond or alkylene (D-I) Alcohols of the
formula XXX can be prepared by reduction of compounds
of formula XXIII e.g. with sodium borohydride or
sodium cyanoborohydride. (D-2) Compounds of formula
XI-D can be prepared for example from alcohols of the
general formula XXX by reaction with a compound of the
general formula XXXI, wherein T means a single bond or
alkylene as defined hereinbefore according to scheme
D-2. IfT means a single bond, W is selected from
saturated cyclic groups or saturated heterocycles. IfT
means alkylene, W is defined as for formula I above.
G1 means a suitable leaving group, e.g. G1 is -Br, -I,
-Cl, -tosylate, -mesylate and the like. The reaction
is carried out in the presence of a suitable base e.g.
potassium carbonate, potassium hydroxide or sodium
hydroxide and the like in a suitable solvent, e.g.
THF, acetone, DMF or N,N-dimethylsulfoxide (DMSO). In
the following scheme D-2 the linkers Y, which is
-alkylene-O- or -O-, is represented by -T-O- , wherein
T means a single bond or alkylene as defined
hereinbefore.Scheme D-2 In scheme D-2, V, W, R1 and R2
are defined as for formula I and R3 is alkyl or
optionally substituted benzyl. G1 is -Br, -I, -Cl,
-tosylate, -mesylate and the like. T is a single bond
or alkylene (D-3) Ketones of the general formula
XXXIII wherein Y is -alkylene-O- or -O- can 



be prepared for example from alcohols of the general
formula XXXII wherein V and R1 are defined as
hereinbefore, by the reaction with a compound W-T-G 1
of the general formula XXXI wherein T means a bond or
alkylene as defined hereinbefore. If T means a bond, W
is selected from saturated cyclic groups or saturated
heterocyclic groups. If T means alkylene, W is defined
as for formula I above. G1 means a suitable leaving
group, e.g. G1 is -Br, -I, -Cl, -tosylate, -mesylate
and the like in the presence of a suitable base e.g.
potassium carbonate, potassium hydroxide or sodium
hydroxide and the like in a suitable solvent, e.g.
THF, acetone, DMF or N,N-dimethylsulfoxide (DMSO).
(D-4) Amines of the general formula XXXIV can be
prepared for example from ketones of the general
formula XXXII wherein W, V, T, and R1 are defined as
hereinbefore by reductive amination as described in
(A-I-I) to form compounds of formula XXXIV.(D-5)
Compounds of formula XI-D can be prepared for example
by the reaction of compounds of formula IV with amines
of the general formula XXXIV. The reaction can be
carried out under conditions as described for the
preparation of compounds of formula XI in section
(A-2-3). E) Compounds of the formula XI wherein Yis
-alkenylene- can be prepared according to scheme E and
are named XI-E. In the following scheme E the linker
Y, which is - alkenylene-, is represented by
-T~CR6=CR2-, wherein T is a single bond or alkylene,
and R2 and R6 are alkyl (or hydrogen), so that the
resulting group -T-CR 6=CR2- forms an alkenylene group
as defined for formula I.Scheme E In scheme E, V,W, R1
and R2 are defined as for formula I, R3 is alkyl or
optionally substituted benzyl and R6 is alkyl or
hydrogen. T is a single bond or alkylene. G2 is
halide, especially -Br or -I. G3 is -Br or -I. G4 is
halogen, especially Br, Cl or I. G5 is e.g. Br, I or
OTf. L is a boronic acids, a boronic acid pinacolester
and the like or a trialkylstannane (e.g. Me3Sn,
Bu3Sn). (E-I) Compounds of formula XI-E can be
prepared for example by a Wittig type reaction of a
carbonyl compound of general formula XXIII a compound
of the general formula XXXV wherein G2 is halide,
especially -Br or -I. This reaction is well described
in the literature (e.g. Maryanoff, B.E. et al.
Chem.Rev. 89 (1989) 863- 927) and involves formation
of a phosphonium salt with triphenylphosphine and the
halide XXXV, its deprotonation with a suitable base
e.g. sodium hydride or nbutyllithium to form an ylide
and its reaction with the carbonyl compounds of
formula XXIII to provide alkenes of formula XI-E under
elimination of triphenylphosphine oxide. Another
method for the preparation of compounds of formula
XI-E is a Horner- Wadsworth-Emmons type reaction of
carbonyl compounds of formula XXIII with halides of
formula XXXV, which is also very well described in the
literature (e.g. Wadsworth, W.S., et al., J. Am. Chem.
Soc. 83 (1961) 1733). It involves formation of an
alkylphosphonic ester with trialkyl phosphite and a
halide of formula XXXV in a Michael-Arbuzov type
reaction, its deprotonation with a suitable base e.g.
sodium hydride or n-butyllithium to form a phosphonate
carbanion and its reaction with the carbonyl compounds
of formula XXIII to provide alkenes of formula XI-E
under elimination of a phosphate anion. (E-2) The
halides of formula XXXVI (G3 is -Br, -I) can be
prepared from the alcohol XXX by reactions well known
to someone skilled in the art, e.g. by treatment with
CBr4 and PPh3 in a suitable solvent e.g.
dichloromethane or acetonitrile. (E-3) These halides
XXXVI (G3 is -Br, -I) can b e converted in a Wittig or
Horner- Wadsworth-Emmons type reaction as described in
section (E-I) with a carbonyl compound of formula
XXXVTI to compounds of formula XI-E. (E-4) Another
method for the preparation of XI-E is a cross coupling
reaction for example of Suzuki type or Stille type
between compound XXXVIII (G4 is halogen, especially
Br, Cl or I) and a compound of the general formula
XXXIX wherein L is a boronic acid, boronic acid
pinacolester and the like or L is trialkylstannane
(e.g. Me3Sn or Bu3Sn). See e.g. Wright, S.W., et al.,
J.Org.Chem. 59 (1994) 6095-6097; Mueller, H., and
Tschierske, C , J.Chem.Soc, Chem.Commun. 6 (1995)
645-646, or 



Hanessian, S., et al., J. Org. Chem. 68 (2003)
7204-7218. (E-5) Another method for the preparation of
XI-E is a palladium catalyzed coupling reaction for
example of Heck type between compound of formula XL
(G5 is e.g. Br, I or OTf) and a compound of the
general formula IXL (See e.g. Heck, R.F., et al., J.
Org. Chem. 37 (1972) 2320-2322).An object of the
present invention are pharmaceutical compositions
containing a pharmacologically effective amount of one
or more compounds of formula I in a mixture with
pharmaceutically acceptable excipients and/or
diluents. According to a further aspect of the
invention there is provided a medicament containing
one or more compounds of the formula I as active
ingredients together with pharmaceutically acceptable
adjuvants. Such medicaments or pharmaceutical
compositions may be in a form suitable for oral
administration, for example as tablets, coated
tablets, dragees, capsules, solutions emulsions or
suspensions; for parenteral injections (including
intravenous, subcutaneous, intramuscular,
intravascular or infusion) as a sterile solution,
suspension or emulsion; for topical administration as
an ointment or cream or for rectal administration as a
suppository. These pharmaceutical preparations can be
obtained by processing the compounds according to this
invention with pharmaceutically inert, inorganic or
organic carriers. Lactose, corn starch or derivatives
thereof, talc, stearic acids or its salts and the like
can be used, for example, as such carriers for
tablets, coated tablets, dragees and hard gelatine
capsules. Suitable carriers for soft gelatine capsules
are, for example, vegetable oils, waxes, fats,
semi-solid and liquid polyols and the like. Depending
on the nature of the active substance no carriers are,
however, usually required in the case of soft gelatine
capsules. Suitable carriers for the production of
solutions and syrups are, for example, water, polyols,
glycerol, vegetable oil and the like. Suitable
carriers for suppositories are, for example, natural
or hardened oils, waxes, fats, semi-liquid or liquid
polyols and the like. The pharmaceutical preparations
can, moreover, contain preservatives, solubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners,
colorants, flavorants, salts for varying the osmotic
pressure, buffers, masking agents or antioxidants.
They can also contain still other therapeutically
valuable substances.Pharmaceutical compositions can
comprise the following: Item Ingredients Mg/Tablet 1
Compound of formula (I) 25 100 2 Anhydrous Lactose 73
35 3 Croscarmellose Sodium 6 8 4 Povidone K30 5 6 5
Magnesium Stearate 1 1 Total Weight 140 150 Procedure:
1. Mix Items 1, 2 and 3 in a suitable mixer for 15
minutes. 2. Granulate the powder mix from Step 1 with
20% Povidone K30 Solution (Item 4). 3. Dry the
granulation from Step 2 at 50 C. 4. Pass the
granulation from Step 3 through a suitable milling
equipment. 5. Add the Item 5 to the milled granulation
Step 4 and mix for 3 minutes. 6. Compress the
granulation from Step 5 on a suitable press. Another
pharmaceutical preparation is e.g. a micro-suspension
of the compounds according to formula I. To obtain
said micro-suspension the following materials were
used: An aqueous solution of 7.5 % modified gelatine
XF 20 (Braun) per injection (dissolved, filtered with
a pore size of 0.45 mm and autoclaved), filters
(custom made, mesh size 100 mm), filter holder,
coupling, washed glass beads with a diameter of 0.25
mm and heat sterilised Retsch mills. For the
preparation of a typical batch 6244 mg of a compound
of formula (I) were weighted into two 50 ml bottle
flasks with 30 g glass beads, dispersed with a
spatulum and vortexed. Then 10 ml gelatine vehicle
were added to each bottle. The bottles were vortexed,
capped and wrapped in aluminium foil for light
protection. The contents was milled for 14 hours at
30/s in a Retsch mill. The micro-suspension 



was then extracted from the beads with two layers of
filter (100 mm) on a filterholder, coupled to a
recipient vial by centrifugation at 400 g during two
minutes and including six washing steps, to give a
final volume of 130 ml. After homogenisation, the
content was determined by HPLC to be 45.7 mg/ml which
corresponds to a yield of 95 %. The micro-suspension
was diluted with 18.6 ml to give a final concentration
of 40 mg/ml. The obtained spherical, granule-like
particles show diameters between 1 and 5 mm as
determined by microscopy. For storage, the
micro-suspension was filled into sterile vials,
capped, labelled and kept at -200C. Before use, the
micro-suspension must be homogenised vigorously by
vortex. The thiophene dicarboxylic acid derivative
will normally be administered to a warm-blooded animal
at a unit dose within the range 5-5000 mg per square
meter body area of the animal, i.e. approximately
0.1-100 mg/kg , and this normally provides a
therapeutically-effective dose. A unit dose form such
as a tablet or capsule will usually contain, for
example 1-250 mg of active ingredient. Preferably a
daily dose in the range of 1-100 mg/kg is employed.
However the daily dose will necessarily be varied
depending upon the host treated, the particular route
of administration, and the severity of the illness
being treated. Accordingly the optimum dosage may be
determined by the practitioner who is treating any
particular patient. Pharmacological activity To show
the activity of the compounds according to this
invention, their effects on a human colon carcinoma
cell line was evaluated using a standard MTT-assay.
MTT ( 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide ) is widely used for the
quantitative determination of cytotoxic effects or in
vitro chemosensitivity of tumor cells. The assay is
based on the cleavage of the yellow tetrazolium salt (
MTT ) to purple formazan crystals by metabolic active
cells. For details, see Rubinstein, L.V., et al., J.
Natl. Cancer Inst. 82 (1990) 1113-1118. We proceeded
as follows: HT-29 cells (human colon carcinoma cell
line, ATCCNo. HTB-38) were cultivated in RPMI 1640
medium with GlutaMAX(tm) I (Invitrogen, Cat-No.
61870-010), 2.5 % fetal calf serum (FCS, Sigma Cat-No.
F4135 (FBS)), 2 mM glutamine, 100 units/ml penicillin,
100 mg/ml streptomycin (=Pen/Strep from Invitrogen
Cat. No. 15140). For the assay the cells were seeded
in 384 well plates, 900 cells per well, in the same
medium. At the next day, the compounds (dissolved 10
mM in DMSO) were added in various concentrations
ranging from 30 mM to 1.5 nM. After 5 days, the MTT
assay was done mainly according to the instructions of
the manufacturer (Cell proliferation kit I, MTT, from
Roche Molecular Biochemicals). In brief : MTT labeling
reagent was added to a final concentration of 0.5
mg/ml, added and incubated for 4 hrs at 37 0C, 5% CO2.
During this incubation time purple formazan crystals
are formed. After addition of the solubilization
solution (20% Sodium Dodecyl Sulfate (SDS) in 0.02 M
HCl) the plates were incubated overnight at 37 0C, 5%
CO2. After careful mixing, the plates were measured in
Victor 2 (scanning multiwell spectrophotometer,
Wallac) at 550 nm. A decrease in number of living
cells results in a decrease in the total metabolic
activity in the sample. The decrease directly
correlates to the amount of purple colour resulting
from the solubilization of the purple formazan
crystals. Determination of IC90 was done using XL-fit
(XLfIt software (ID Business Solution Ltd., Guilford,
Surrey, UK)). The reference compound has the following
structure: An embodiment of the present invention is a
medicament, as defined hereinbefore, for the
inhibition of tumor cell proliferation by induction of
histone acetylation in said tumor cell.Another
embodiment of the present invention is a medicament,
as defined hereinbefore, for the treatment of
neoplasms of the hematopoetic and lymphatic system.
Still another embodiment of the present invention is a
medicament, as defined hereinbefore, for the treatment
of cancer. Still another embodiment of the present
invention is a medicament as defined herein before for
the treatment of colon-, breast-, lung-, prostate-,
rectal-, 



stomach-, bladder-, pancreatic- or ovarian cancer. Yet
another embodiment of the present invention is the use
of one or more compounds of formula I for the
manufacture of medicaments for the inhibition of tumor
cell proliferation by induction of histone acetylation
in said tumor cell. Yet another embodiment of the
present invention is the use of one or more compounds
of formula I for the manufacture of medicaments for
treatment of cancer. Yet another embodiment of the
present invention is the use of one or more compounds
of formula I for the manufacture of medicaments for
treatment of colon-, breast-, lung-, prostate-,
rectal-, stomach-, bladder-, pancreatic- or ovarian
cancer. Yet another embodiment of the present
invention is the use of one or more compounds of
formula I for the manufacture of medicaments for
treatment of neoplasms of the hematopoetic and
lymphatic system. Yet another embodiment of the
present invention is a method for inhibiting tumor
cell proliferation by induction of histone acetylation
in a tumor cell, due to administering to said tumor
cell an effective amount of one or more compounds of
formula I. According to a further feature of this
aspect of the invention there is provided a method for
producing an anti-cell-proliferation effect in a warm
blooded animal, such as man, in need of such treatment
which comprises administering to said animal an
effective amount of an thiophene dicarboxylic acid
derivative as defined hereinbefore.Therefore, still
another embodiment of the present invention is the
method as described above, wherein the tumor is
colon-, breast-, lung-, prostate-, rectal-, stomach-,
bladder-, pancreatic- or ovarian cancer. According to
a more preferred aspect of the present invention there
is provided an compound of the formula I as defined
hereinbefore for use in a method of treatment of the
human or animal body by therapy. We have now found
that the said compounds of the present invention
possess anti-cell-proliferation properties which are
believed to arise from their histone deacetylase
inhibitory activity. Accordingly the compounds of the
present invention provide a method for treating the
proliferation of malignant cells. Accordingly the
compounds of the present invention are expected to be
useful in the treatment of cancer by providing an anti
proliferative effect, particularly in the treatment of
cancers of the breast, lung, colon, rectum, stomach,
prostate, bladder, pancreas and ovary. It is in
addition expected that a derivative of the present
invention will possess activity against a range of
leukemias, lymphoid malignancies and solid tumors such
as carcinomas and sarcomas in tissues such as the
liver, kidney, prostate and pancreas. The
anti-cell-proliferation treatment defined hereinbefore
may be applied as a sole therapy or may involve, in
addition to the thiophene dicarboxylic acid derivative
of the invention, one or more other anti-tumor
substances, for example those selected from, for
example, mitotic inhibitors, for example vinblastine;
alkylating agents, for example cis-platin, carboplatin
and cyclophosphamide; inhibitors of microtubule
assembly, like paditaxel or other taxanes;
antimetabolites, for example 5- fluorouracil,
capecitabine, cytosine arabinoside and hydroxyurea,
or, for example, intercalating antibiotics, for
example adriamycin and bleomycin; immunostimulants,
for example trastuzumab; DNA synthesis inhibitors,
e.g. gemcitabine; enzymes, for example asparaginase;
topoisomerase inhibitors, for example etoposide;
biological response modifiers, for example interferon;
and antihormones, for example antioestrogens such as
tamoxifen or, for example antiandrogens such as
(4'-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-
methyl-3'-(trifluoromethyl)-propionanilide, or other
therapeutic agents and principles as described in, for
example, Cancer: Principles & Practice of Oncology,
Vincent T. DeVita, Jr., Samuel Hellmann, Steven A.
Rosenberg; 5th ed., Lippincott- Raven Publishers,
1997. Such conjoint treatment may be achieved by way
of the simultaneous, sequential or separate dosing of
individual components of thetreatment. According to
this aspect of the invention there is provided a
pharmaceutical product comprising a thiophene
dicarboxylic acid derivative of the formula I as
defined hereinbefore and an additional anti-tumor
substance as 



defined hereinbefore for the conjoint treatment of
cancer. The following examples and references are
provided to aid the understanding of the present
invention, the true scope of which is set forth in the
appended claims. It is understood that modifications
can be made in the procedures set forth without
departing from the spirit of the invention. Example 1
Step 1: 1- [4-(4-trifluoromethoxy-benzyloxy)-phenyl]
-ethanone To a mixture of 300.0mg (2.203mmol)
4-hydroxyacetophenone and 305mg (2.207mmol) potassium
carbonate in 15ml acetone was added 868.7mg
(3.304mmol) 4-(trifluoromethoxy) benzylbromide
dropwise and heated under reflux for Id. The solvent
was evaporated and to the residue was added ethyl
acetate. The organic phase was washed with IM aqueous
HCl solution and water, dried over magnesium sulfate.
The solvent was evaporated and the residue was
subjected to silica gel chromatography (ethyl acetate/
n-heptane 1:2) to yield 552mg (1.779mmol) 1-
[4-(4-trifluoromethoxy-benzyloxy)-phenyl] -ethanone.
Step 2;
l-[4-(4-Trifluoromethoxy-benzyloxy)-phenyl]-ethylamine
To a mixture of 552.0mg (1.779mmol)
l-[4-(4-trifluoromethoxy-benzyloxy)- phenyl] -ethanone
and molecular sieves in 10ml methanol were added
1679.0mg (21.35mmol) ammonium acetate and 78.0mg
(1.241mmol) sodium cyanoborohydride and the reaction
mixture was stirred 26h (HPLC control) at 50C. After
cooling to room temperature, the molecular sieves were
filtered off and washed with methanol. The solvent of
the combined filtrates was evaporated and diethyl
ether and water were added to the residue. While
stirring the mixture was acidified with 6N aqueous HCl
solution to pH2. The aqueous phase was separated and
the organic phase was extracted two times with IN
aqueous HCl solution. Ethyl acetate was added to the
combined aqueous phases and the mixture was basified
with 6N NaOH to pH10. The organic phase was separated
and the aqueous phasewas extracted two more times with
ethyl acetate. The combined organic phases were dried
over MgSO4 and the solvent evaporated at reduced
pressure to afford 268.0mg (0.861mmol) 1-
[4-(4-trifluoromethoxy-benzyloxy) -phenyl]
-ethylamine. Step 3: 5-{1-
[4-(4-Trifluoromethoxy-benzyloxy)-phenyl]
-ethylcarbamoyl}- thiophene-2-carboxylic acid methyl
ester To a solution of l O.Omg (0.859mmol)
thiophene-2,5-dicarboxylic acid monomethyl ester in
25ml dichloromethane were added 253.0mg (1.293mmol)
N'- (3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride, 175mg (1.295mmol)
1-hydroxybenzotriazole hydrate and 130.7g (1.291mmol)
triethylamine. After 30min at room temperature 268.0mg
(0.861mmol) l-[4-(4- trifluoromethoxy-benzyloxy)
-phenyl] -ethylamine were added. The reaction mixture
was stirred for 6.5h. The solvent was evaporated, to
the residue was added ethyl acetate and the organic
phase was extracted with saturated aqueous NaHCO 3
solution and with water. The organic phase was dried
over MgSO and the solvent was evaporated . The residue
was triturated with diisopropyl to provide 249mg
(0.519mmol)
5-{l-[4-(4-trifluoromethoxy-benzyloxy)-phenyl]-ethylca
rbamoyl}- thiophene-2-carboxylic acid methyl ester.
Step 4: Thiophene-2,5-dicarboxylic acid 2-hydroxyamide
5-({l-[4-(4-
trifluoromethoxy-benzyloxy)-phenyl]-ethyl}-amide)
(compound 1-1) To a solution of 249mg (0.519mmol)
5-{l-[4-(4-Trifluoromethoxy-benzyloxy)-
phenyl]-ethylcarbamoyl}-thiophene-2-carboxylic acid
methyl ester and 2.597ml (5.194mmol) of a 2M solution
of hydroxylamine in methanol were added 34.5mg
(0.523mmol) potassium hydroxide in little methanol.
After 4h at room temperature (rt) the reaction mixture
was filtered and the solid was washed with methanol.
The filtrate was treated with dry ice to lower the pH
value to almost neutral. Stirring was continued for 15
min and the formed precipitate was filtered off. The
solid was washed with methanol and the solvent of the
combined organic filtrates was evaporated. The residue
was triturated with diisopropylether and water to
yield 126mg (0.244mmol) Thiophene-2,5-dicarboxylic
acid 2-hydroxyamide 5-({l-[4-(4- trifluorome
oxy-benzyloxy)-phenyl]-ethyl}-amide) (compound 1-1):
calculated MW 480.74, found MW (M+H) 481.0; IH-NMR
(400 MHz, d6-DMSO): S = 8.87(d, IH), 7.81 (m, IH),
7.56 (m, 3H), 7.38 (m, 2H), 7.30 (m, 2H), 6.97 (m,
2H), 5.12 



(s, 2H), 5.07 (t, IH), 1.45 (d, 3H) Example 2 Step 1:
l-(4-Nitro-phenyl)-ethylamine The title compound was
prepared in an analogous manner to that described in
example 1, step 2 from 4-nitroacetophenone (reaction
time 3d). Step 2:
5-[l-(4-Nitro-phenyl)-ethylcarbamoyl]-thiophene-2-carb
oxylic acid methyl ester The title compound was
prepared in an analogous manner to that described in
example 1, step 3 from l-(4-nitro-phenyl)-ethylamine
and thiophene-2,5- dicarboxylic acid monomethyl ester.
Step 3:
5-[l-(4-Amino-phenyl)-ethylcarbamoyl]-thiophene-2-carb
oxylic acid methyl ester A mixture of 500mg
(1.497mmol) 5-[l-(4-Nitro-phenyl)-ethylcarbamoyl]-
thiophene-2-carboxylic acid methyl ester, 200mg
palladium on charcoal (10%), 10ml methanol and 5ml THF
was hydrogenated at 30mbar for 3h. The catalyst was
filtered off, the solvent was evaporated to give
5-[l-(4-amino-phenyl)-
ethylcarbamoyl]-thiophene-2-carboxylic acid methyl
ester. Step 4:
5-{l-r4-(3-Methyl-benzylamino)-phenyl1-ethylcarbamoyl}
-thiophene-2- carboxylic acid methyl ester A mixture
of 304.0mg (l.Ommol)
5-[l-(4-amino-phenyl)-ethylcarbamoyl]-
fhiophene-2-carboxylic acid methyl ester, 120.0mg
(l.Ommol) m-tolualdehyde and 2ml ethanol was heated
under reflux for Ih. The solvent was evaporated and
3ml THF and 315mg (5.0mmol) sodium cyanoborohydride
were added to the residue. After 18h 5ml aqueous
ammonium chloride solution and 10ml water were added.
The aqueous phase was extracted with dichloromethane,
the combined organic phases were dried over magnesium
sulfate, the solvent was evaporated and theresidue
subjected to silica gel chromatography (ethyl acetate/
petrol ether 1:1) to yield 175mg (0.43mmol)
5-{l-[4-(3-Methyl-ben2ylamino)-phenyl]-
ethylcarbamoyl}-thiophene-2-carboxylic acid methyl
ester. Step 5: Thiophene-2,5-dicarboxylic acid
2-hydroxyamide 5-({l-[4-(3-methylbenzylamino)-
phenyl]-ethyl}-amide) (compound 2-1) The title
compound was prepared in an analogous manner to that
described in example 1, step 4 from
5-{l-[4-(3-methyl-benzylamino)-phenyl]-ethylcarbamoyl}
- thiophene-2-carboxylic acid methyl ester. Compound
2-1: calculated MW 409.51, found MW (M+H) 410.0;
IH-NMR (400 MHz, d6-DMSO): S = 8.56 (d, IH), 7.69 (m,
IH), 7.31 (m, IH), 7.16 (m, 3H), 7.03 (m, 3H), 6.51
(m, 2H), 6.13 (m, IH), 4.96 (t, IH), 4.19 (d, 2H),
2.27 (s, 3H), 1.39 (d, 3H)List of References Aranyos,
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(2002) 3481-3484Patent Claims 1. The compounds
according to formula I formula I, wherein R1 is alkyl,
which is optionally substituted one or several times
by halogen; V is phenylene or heteroarylene; Y -O-;
-O-CHR2-; -alkylene-O-; -alkylene-O-CHR2-; -NH-;
-NH-CHR 2-; -alkylene-NH-; -alkylene-NH-CHR 2-; or
-alkenylene-; R2 is alkyl or hydrogen; W is a
saturated carbocyclic group; a saturated heterocyclic
group; a heteroaryl group; or a phenyl group, which is
substituted one to three times by alkyl, halogen,
-O-alkyl, -S(O)2-alkyl, -NH(alkyl) or -N(alkyl)2;
wherein the 



alkyl group may be optionally substituted with one or
several halogen atoms; and all pharmaceutically
acceptable salts thereof.2. The compounds according to
claim 1, wherein Y -aHcylene-O- or-alkylene-NH-; and W
is a phenyl group, which is substituted one to three
times by alkyl, halogen, -O-alkyl, -S(O)2-alkyl,
-NH(alkyl) or -N(alkyl)2; wherein the alkyl groups may
be optionally substituted with one or several halogen
atoms. 3. Process for the manufacture of the (R)- or
(S)-enantiomers or racemates of the compounds of
formula I by reacting a compound of formula IV formula
IV, wherein R3 is an alkyl group; with an racemic, or
(R)- or (S)-amine of the formula X formula X, wherein
V5W, Yand R1 have the meaning given in claim1, in the
presence of a suitable activating agent, to give a
compound of formula XIformula XI, wherein V,W, Yand R1
have the meaning given in claiml and R3 is an alkyl
group, which is treated with hydroxylamine to give the
respective compounds of formula I; and if desired,
transforming said compounds into their
pharmaceutically acceptable salts. 4. A medicament
containing one or more compounds according to any of
the claims 1 to 2 as active ingredients together with
pharmaceutically acceptable adjuvants. 5. The
medicament according to claims 4 for the inhibition of
tumor cell proliferation. 6. The use of one or more
compounds according to any of the claims 1 to 2 for
the manufacture of medicaments for the inhibition of
tumor cell proliferation by induction of histone
acetylation in said tumor cell. 7. A method for
inhibiting tumor cell proliferation by induction of
histone acetylation in a tumor cell, due to
administering to said tumor cell an effective amount
of one or more compounds according to one of the
claims 1 to 6. 


