
PROCESS FOR THE SYNTHESIS OF DERIVATIVES OF
3-AMINOTETRAHYDROFURAN- 3-CARBOXYLIC ACID AND USE
THEREOF AS MEDICAMENTS Background and summary of the
invention The present invention relates to a process
for the manufacturing of substituted
S-amino-tetrahydrofuran-S-carboxylic acid amides of
general formula (I) and their precursors in high
optical purity to the precursors of the synthesis of
substituted 3-amino-tetrahydrofuran-3- carboxylic acid
amides of general formula (I) in high optical purity,
and to the tautomers, enantiomers, diastereomers,
mixtures and salts of substituted 3-
amino-tetrahydrofuran-3-carboxylic acid amides of
general formula (I) in high optical purity,
particularly the physiologically acceptable salts
thereof with inorganic or organic acids or bases,
which have valuable properties. Thus, the present
invention relates to the stereoselective preparation
of compounds of the above general formula (I).Within
the meaning of the present invention, the high optical
purity of the substituted
S-amino-tetrahydrofuran-S-carboxylic acid amides of
general formula (I) and of the precursors of these
substituted 3-amino-tetrahydrofuran- 3-carboxylic acid
amides of general formula (I) is with respect to the
carbon atom in position 3 of the tetrahydrofuran ring,
the position of which is depicted by the numbering "3"
in the following structural formula (I) Within the
meaning of the present invention, "highly optical
pure" means in an enantiomeric excess of more than
96%, preferably of more than 98%. The invention also
relates to pharmaceutical compositions containing a
compound or a physiologically acceptable salt of a
compound of the above general formula (I) according to
the embodiments defined below and in the Examples,
optionally together with one or more inert carriers
and/or diluents. The invention also relates to the use
of a compound or a physiologically acceptable salt of
a compound according to the embodiments defined below
and in the Examples, for preparing a pharmaceutical
composition with an inhibitory effect on Factor Xa, an
inhibitory effect on related serine proteases, and/or
an antithrombotic activity.Although the
pharmacologically valuable properties of the compounds
in accordance with the present invention constitute
the basic prerequisite for effective use of the
compounds in a pharmaceutical composition, an active
substance must in any case satisfy additional
requirements in order to be accepted for use as a
drug. These parameters are largely connected with the
physicochemical nature of the active substance. Hence,
there continues to be a need for crystalline forms of
active substances, which can be conveniently
formulated for administration to patients and which
are pure and highly crystalline in order to fulfil
exact pharmaceutical requirements and specifications.
Preferably, such compounds will be readily formed and
have favourable bulk characteristics. Examples of
favourable bulk characteristics are drying times,
filterability, solubility, intrinsic dissolution rate
and stability in general. As the crystal modification
of an active substance is important to the
reproducible active substance content of a
preparation, there is a need to clarify as far as
possible any existing polymorphism of an active
substance present in crystalline form. If there are
different polymorphic modifications of an active
substance care must be taken to ensure that the
crystalline modification of the substance does not
change in the pharmaceutical preparation later
produced from it. Otherwise, this could have a harmful
effect on the reproducible potency of the drug.
Against this background, active substances
characterised by only slight polymorphism are
preferred.-ADecreased levels of organic solvents in
the crystal lattice are also favourable, due in part
to potential solvent toxicity to the recipient as a
function of the solvent. Another criterion which may
be of exceptional importance under certain
circumstances depending on the choice of formulation
or the choice of manufacturing process is the
solubility and dissolution rate of the active
substance. If for example pharmaceutical solutions are
prepared (e.g. for infusions) it is essential that the
active substance should be sufficiently soluble in
physiologically acceptable solvents. For drugs which
are to be taken orally, it is in general very
important that the active substance should be
sufficiently soluble over a suitable range of pH, and
bioavailable. Hence, without being restrictive,
examples of the parameters which need to be controlled
are the stability of the starting substance under
various environmental conditions, the stability during
production of the pharmaceutical formulation and the
stability in the final compositions of the drug. The
pharmaceutically active substance used to prepare the
pharmaceutical compositions should therefore have
great stability which is ensured even under all kinds
of environmental conditions. The present invention
further provides a pharmaceutically active substance
which is not only characterised by high
pharmacological potency but also satisfies the
physicochemical requirements of high purity and high
crystallinitymentioned hereinbefore, in order to
fulfil as far as possible exact pharmaceutical
requirements and specifications. Hence, the present
invention relates as well to an anhydrous crystalline
form of a compound which may be obtained via the
manufacturing process in accordance with the present
invention, namely the compound
(S)-3-[(5-chlorothiophen-
2-yl)-carbonylamino]-/V-(3-methyl-2,3,4,5-tetrahydro-1
Hbenzo[ c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide, to a process for the manufacture thereof,
and to the use thereof in a pharmaceutical
composition. The structure of this compound is
depicted below in the form of the free base as example
2 . The characterizing data of its anhydrous
crystalline form are described further below in the
experimental section. The present invention also
provides a process for the manufacture of the
anhydrous crystalline form of the compound
(S)-3-[(5-chloro-thiophen-2-yl)-
carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)- tetrahydrofuran-3-carboxylic
acid amide, which is described further below in the
experimental section. Brief Description of the Figures
Figure 1 shows the X-ray powder diffractogram of the
anhydrous crystalline form of the compound
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-
methyl-2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic 



acid amide, recorded using a STOE Stadi
P-diffractometer fitted with a locationsensitive
detector (OED) and a Cu anode as the x-ray source and
a Germanium monochromator (CuK , radiation, = 1.54056
A, 40 kV, 40 mA). Figure 2 shows a light microscopy
photograph of crystals of the anhydrous crystalline
form of the compound
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
N-(3-methyl-2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)-tetrahydrofuran-3- carboxylic
acid amide. Figure 3 shows the thermoanalysis and
determination of the melting point and loss on drying
(DSC/TG) of the anhydrous crystalline form of the
compound (S)-
3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl
-2,3,4,5-tetrahydro-1 Hbenzo[
d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid
amide, recorded using a DSC and TG and evaluated by
the peak onset (heating rate: 10C/min) for the melting
point and by the weight loss step between room
temperature and 180 C for the loss on drying . The
values given are determined using a DSC 821 e and a
TGA/STDA 851 e, both made by Mettler Toledo. Detailed
Description of the Invention A 1st embodiment of the
present invention includes those compounds of general
formula (I) wherein D denotes D1 a substituted
bicyclic ring system of formula (II),wherein K1 and K4
each independently of one another denote a -CH2,
-CHR7a, -CR7bR7c or a -C(O) group, and R 7a/ R 7b/ R
7c each independently of one another denote a fluorine
atom, a hydroxy, Ci-5- alkyloxy, amino,
Ci-5-alkylamino, di-(Ci -5-alkyl)-amino,
C3-5-cycloalkyleneimino or Ci-5-alkylcarbonylamino
group, a Ci-5-alkyl group which may be substituted by
1-3 fluorine atoms, or two groups R7b/R7c together
with the cyclic carbon atom may form a 3, 4, 5-, 6- or
7-membered saturated carbocyclic group wherein the
methylene groups thereof may be substituted by 1-2
Ci-3-alkyl or CF3- groups, and/or the methylene groups
thereof, if they are not bound to a heteroatom, may be
substituted by 1-2 fluorine atoms, and K2 and K3 each
independently of one another denote a -CH2, -CHR8a,
-CR8bR8c or a -C(O)- group, andR 8a/ R 8b/ R 8c each
independently of one another denote a Ci-5-alkyl group
which may be substituted by 1-3 fluorine atoms, or two
groups R8b/R8c together with the cyclic carbon atom
may form a 3, 4, 5-, 6- or 7-membered saturated
carbocyclic group, and in all there should be no more
than four groups selected from among R7a, R7b, R7c ,
R8a, R8b and R8c in formula (II), and X denotes a NR1
group, wherein R1 denotes a hydrogen atom or a
hydroxy, Ci-3-alkyloxy, amino, Ci-3-alkylamino, di-(Ci
-3-alkyl)-amino, a Ci-5-alkyl, C2-5-alkenyl-CH2,
C2-5-alkynyl-CH2 or C3-6-cycloalkyl group, wherein the
methylene and methyl groups present in the
above-mentioned groups may additionally be substituted
by a Ci-3-alkyl, carboxy, Ci-5-alkoxycarbonyl group or
by a hydroxy, Ci-5-alkyloxy, amino, Ci-5-alkylamino,
Ci-5-dialkylamino or C4-7- cycloalkyleneimino group,
provided that O-C-O or O-C-N or N-C-N-bonds are
excluded and/or one to three hydrogen atoms may be
replaced by fluorine atoms, provided that the
methylene or methyl groups are not directly bound to a
nitrogen atom,and wherein A1 denotes either N or CR10
, A denotes either N or CR11 A denotes either N or
CR12 wherein R,10 , iR-.1 1 andI IR-.12 each
independently of one another represent a hydrogen,
fluorine, chlorine, bromine or iodine atom, or a
Ci-5-alkyl, CF3, C2-5-alkenyl, C2-5-alkynyl, a cyano,
carboxy, Ci -5-alkyloxycarbonyl, hydroxy,
Ci-3-alkyloxy, CF3O, CHF2O, CH2FO, or D denotes D a
group of general formula wherein A denotes A4, a group
or wherein A denotes A5 , a group of general
formulawherein m is the number 1 or 2, X1 denotes a
carbonyl, thiocarbonyl, C=NR9c, C=N-OR9c, C=N-NO2,
C=NCN or sulphonyl group, X2 denotes an oxygen atom or
a -NR 9b group, X3 denotes a carbonyl, thiocarbonyl,
C=NR9c, C=N-OR9c, C=N-NO2, C=NCN or sulphonyl group,
X4 denotes an oxygen or sulphur atom or a -NR 9c
group, R9a in each case independently of one another
denotes a hydrogen or halogen atom or a Ci-5-alkyl,
hydroxy, hydroxy-Ci -5-alkyl, Ci-5-alkoxy,
Ci-5-alkoxy-Ci-5-alkyl, amino, Ci-5-alkylannino,
di-(Ci-5-alkyl)-annino, annino-Ci-5-alkyl,
Ci-s-alkylannino-Ci-s-alkyl,
di-^i-s-alkyl^amino-Ci-s-alkyl, aminocarbonyl,
Ci-5-alkylanninocarbonyl, di-(Ci-
5-alkyl)-anninocarbonyl or Ci-5-alkylcarbonylannino
group, while in the previously mentioned substituted
5- to 7-membered groups A5 the heteroatoms F, Cl, Br,
I, O or N optionally introduced with R9a as
substituent are not separated by precisely one carbon
atom from a heteroatom selected from among N, O, S,
R9b each independently of one another denote a
hydrogen atom or a Ci-5-alkyl group, R9c each
independently of one another denote a hydrogen atom, a
Ci-5-alkyl, Ci-5-alkylcarbonyl, Ci-5-alkyloxycarbonyl
or Ci-5-alkylsulphonyl group, R4 denotes a hydrogen or
halogen atom, a Ci-3-alkyl or Ci-3-alkoxy group, while
the hydrogen atoms of the Ci-3-alkyl or Ci-3-alkoxy
group may optionally be wholly or partly replaced by
fluorine atoms, a C2-3-alkenyl, C2-3-alkynyl, nitrile,
nitro or amino group, R5 denotes a hydrogen or halogen
atom or a Ci-3-alkyl group, R3 denotes a hydrogen atom
or a Ci-3-alkyl group, and M denotes a thiophene ring
according to formulawhich is bound to the carbonyl
group in formula (I) via the 2-position and which 



is substituted in the 5-position by R2 and optionally
additionally by R6, wherein R2 denotes R2a a hydrogen,
fluorine or iodine atom, or R2b a methoxy, Ci
-2-alkyl, formyl, NH2CO, or R2c a chlorine, bromine
atom or an ethynyl group, R6 denotes a hydrogen,
fluorine, chlorine, bromine or iodine atom or a Ci-2-
alkyl or amino group, wherein, unless otherwise
stated, by the term "halogen atom" mentioned
hereinbefore in the definitions is meant an atom
selected from among fluorine, chlorine, bromine and
iodine, and wherein the alkyl, alkenyl, alkynyl and
alkyloxy groups contained in the previously mentioned
definitions which have more than two carbon atoms may,
unless otherwise stated, be straight-chain or branched
and the alkyl groups in the previously mentioned
dialkylated groups, for example the dialkylamino
groups, may be identical or different,and the hydrogen
atoms of the methyl or ethyl groups contained in the
foregoing definitions, unless otherwise stated, may be
wholly or partly replaced by fluorine atoms, the
tautomers, enantiomers, diastereomers, mixtures and
salts thereof. Examples of the Ci-6-alkyl groups
mentioned hereinbefore in the definitions are the
methyl, ethyl, 1-propyl, 2-propyl, n-butyl, sec-butyl,
te/t-butyl, 1-pentyl, 2-pentyl, 3-pentyl, neo-pentyl,
3-methyl-2-butyl, 1-hexyl, 2-hexyl, 3-hexyl, 3-
methyl-2-pentyl, 4-methyl-2-pentyl, 3-methyl-3-pentyl,
2-methyl-3-pentyl, 2,2- dimethyl-3-butyl or
2,3-dimethyl-2-butyl group. Examples of the
Ci-5-alkyloxy groups mentioned hereinbefore in the
definitions are the methyloxy, ethyloxy, 1-propyloxy,
2-propyloxy, n-butyloxy, sec-butyloxy, te/t-butyloxy,
1-pentyloxy, 2-pentyloxy, 3-pentyloxy or neo-pentyloxy
group. Examples of the C2-5-alkenyl groups mentioned
hereinbefore in the definitions are the ethenyl,
1-propen-1 -yl, 2-propen-1 -yl, 1-buten-1 -yl,
2-buten-1-yl, 3- buten-1-yl, 1-penten-1 -yl,
2-penten-1 -yl, 3-penten-1 -yl, 4-penten-1 -yl,
1-hexen- 1-yl, 2-hexen-1 -yl, 3-hexen-1 -yl,
4-hexen-1-yl, 5-hexen-1 -yl, but-1 -en-2-yl, but-
2-en-2-yl, but-1 -en-3-yl, 2-methyl-prop-2-en-1-yl,
pent-1-en-2-yl, pent-2-en-2-yl, pent-3-en-2-yl,
pent-4-en-2-yl, pent-1-en-3-yl, pent-2-en-3-yl,
2-methyl-but-1 -en- 1-yl, 2-methyl-but-2-en-1 -yl,
2-methyl-but-3-en-1 -yl or 2-ethyl-prop-2-en-1 -yl
group.Examples of the C2-5-alkynyl groups mentioned
hereinbefore in the definitions are the ethynyl,
1-propynyl, 2-propynyl, 1-butyn-1 -yl, 1-butyn-3-yl,
2-butyn-1-yl, 3-butyn-1 -yl, 1-pentyn-1-yl,
1-pentyn-3-yl, 1-pentyn-4-yl, 2-pentyn-1 -yl, 2-
pentyn-3-yl, 3-pentyn-1 -yl, 4-pentyn-1-yl, 2-methyl-1
-butyn-4-yl, 3-methyl-1 - butyn-1-yl or 3-methyl-1
-butyn-3-yl group. A 2nd embodiment of the present
invention includes those compounds of general formula
(I), wherein D denotes a substituted bicyclic ring
system of formula (II), wherein K1 and K4 each
independently of one another denote a -CH2, -CHR7a, or
a -CR7bR7c group, wherein each independently of one
another denote a fluorine atom, a hydroxy, methoxy or
Ci-2-alkyl group which may be substituted by 1-3
fluorine atoms,wherein the two groups R7b/R7c cannot
both simultaneously be bound to the cyclic carbon atom
via a heteroatom, except if -C(R7bR7c)- corresponds to
a - CF2 group, or two groups R7b/R7c may form,
together with the cyclic carbon atom, a 3-, 4- or 5-
membered saturated carbocyclic group, and K2 and K3
each independently of one another represent a -CH2,
-CHR8a, or -CR8bR8c group, and R 8a/ R 8b/ R 8c each
independently of one another denote a Ci-2-alkyl group
which may be substituted by 1-3 fluorine atoms, or two
groups R8b/R8c may form, together with the cyclic
carbon atom, a 3-, A-, 5-membered carbocyclic group,
and in all in formula (II) there should be no more
than four groups selected from among R7a, R7b, R7c ,
R8a, R8b and R8c, and X denotes an NR1 group, wherein
R1 denotes a hydrogen atom ora Ci-2-alkyl or
C3-4-cycloalkyl group, wherein the methylene and
methyl groups present in the above-mentioned groups
may additionally be substituted by a methyl group ,
and wherein A1 denotes CR10 , A2 denotes CR1 1 , A3
denotes CR12 , wherein R10 , R1 1 and R12 each
independently of one another represent a hydrogen,
fluorine, chlorine, bromine atom or a Methyl, CF3, a
cyano, Methoxy, CF3O, CHF2O, CH2FO- group, or D
denotes D2 a group of general formula wherein A
denotes A4, a groupor wherein A denotes A5 , a group
of general formula wherein m is the number 1 or 2, X1
denotes a carbonyl or C=N-CN group, X3 denotes a
carbonyl or C=N-CN group, X4 denotes an oxygen atom,
R9a in each case independently of one another denotes
a hydrogen atom or a Ci-2-alkyl group, whileR4 denotes
a hydrogen or fluorine, chlorine or bromine atom, a
methyl or a methoxy group, R5 denotes a hydrogen,
fluorine or chlorine atom or a methyl group, R3
denotes a hydrogen atom and M denotes a thiophene ring
according to formula which is bound to the carbonyl
group in formula (I) via the 2-position and which is
substituted in the 5-position by R2 and optionally
additionally by R6, wherein R2 denotes R2c a chlorine,
bromine atom or an ethynyl group, R6 denotes a
hydrogen atom, the tautomers, diastereomers, mixtures
and salts thereof.A 3rd embodiment of the present
invention includes all those compounds of the first
and second embodiment, wherein 



D denotes a substituted bicyclic ring system of
formula (II), wherein K 1, K2, K3, K4, X, A 1, A2 and
A3 are as defined in the 1st or 2nd embodiment, the
tautomers, diastereomers, mixtures and salts thereof.
A 4th embodiment of the present invention includes all
those compounds of the first and second embodiment,
wherein D denotes D2 a group of general formula
wherein R4 and R5 are as defined in the 1st or 2nd
embodiment, the tautomers, diastereomers, mixtures and
salts thereof. A 5th embodiment of the present
invention includes all those compounds of the first
and second embodiment, whereinD denotes D2 a group of
general formula or wherein A denotes A , wherein A5,
R4 and R5 are as defined in the 1 or 2 embodiment, the
tautomers, diastereomers, mixtures and salts thereof.
A 6th embodiment of the present invention includes all
those compounds of the previous embodiments in high
optical purity at the carbon in position 3 of the
tetrahydrofuran ring, wherein the
amino-tetrahydrofuran carboxylic acid amide moiety has
the R-configu ration. A 7th embodiment of the present
invention includes all those compounds of the previous
embodiments in high optical purity at the carbon in
position 3 of the tetrahydrofuran ring, wherein the
amino-tetrahydrofuran carboxylic acid amide moiety has
the S-configuration. The following preferred compounds
of general formula (I) are mentioned by way of
example, both as the tautomers, mixtures and salts
thereof:
(S)-3-[(5-bromo-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-2,3,4,5-tetrahydro-
1H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid
amide(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-/V
-(3-nnethyl-2,3,4,5-tetrahyclro-
1/-/-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxyli
c acid amide
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((5R)-3,5-dimethyl-2,3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((5S)-3,5-dimethyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid amide
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((1 R)-1 ,3-dimethyl-2,3,4,5- tetrahydro-I
H-benzotc/lazepin-Z-yO-tetrahydrofuran-S-carboxylic
acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((1 S)-1 ,3-dimethyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-yO-tetrahydrofuran-S-carboxylic
acid amide(S)-5-chloro-thiophene-2-carboxylic
acid-/V-{3-[3-methyl-4-(5-cyanimin- [ 1
.4]oxazepan-4-yl)-phenylcarbannoyl]-tetrahydrofuran-3-
yl}-annide (S)-5-chloro-thiophene-2-carboxylic
acid-/V-{3-[4-(5-cyanimin-[1 .4]oxazepan-4-
yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-annide
(S)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[3-methyl-4-(5-oxo- [ 1
,4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-y
l}-annide(S)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[4-(5-cyanimin-[1 .4]oxazepan-4-
yl)-phenylcarbannoyl]-tetrahydrofuran-3-yl}-annide
(S)-5-bromo-thiophene-2-carboxylic
acid-/V-{3-[3-methyl-4-(3-oxo-morpholin-4-
yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-annide
(S)-5-ethinyl-thiophene-2-carboxylic
acid-L/-{3-[4-(3-oxo-morpholin-4-yl)-
phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-annideand
(S)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[3-methyl-4-(pyrrolidin-1 -ylcarbonyl)-
phenylcarbannoyl]-tetrahydrofuran-3-yl}-annide
(S)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[4-(pyrrolidin-1 -yl-carbonyl)-
phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide
(S)-5-ethinyl-thiophene-2-carboxylic
acid-/V-{3-[3-chloro-4-(3-oxo-morpholin-4-
yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-annide,
(S)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[3-chloro-4-(2-oxo-azepan-1 -yl)-
phenylcarbannoyl]-tetrahydro-thiophen-3-yl}-annide,
(S)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[4-(2-oxo-azepan-1-yl)-
phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-annide,
(S)-5-bromo-thiophene-2-carboxylic
acid-/V-{3-[3-methyl-4-(5-cyaninnin- [ 1
.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-y
l}-annide(S)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[3-chloro-4-(5-cyanimin- [ 1
.4]oxazepan-4-yl)-phenylcarbannoyl]-tetrahydrofuran-3-
yl}-annide (S)-5-chloro-thiophene-2-carboxylic
acid-/V-{3-[3-methyl-4-(3-cyaniminomorpholin-
4-yl)-phenylcarbannoyl]-tetrahydrofuran-3-yl}-annide
(S)-5-chloro-thiophene-2-carboxylic
acid-/V-{3-[3-chloro-4-(3-cyaniminomorpholin-
4-yl)-phenylcarbannoyl]-tetrahydrofuran-3-yl}-annide(S
)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((2S)-2,3-dimethyl-2,3,4,5- tetrahydro-1
/-/-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide and
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((2R)-2,3-dimethyl-2,3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((4S)-3,4-dimethyl-2,3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide and
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((2R)-3,4-dimethyl-2,3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amidethe following compound, the following
compound,
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(2,2,3-thmethyl-2,3,4,5- tetrahydro-1
H-benzotc/Jazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid
amide(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3,4,4-trimethyl-2,3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3,5,5-trimethyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-yO-tetrahydrofuran-S-carboxylic
acid amide
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-9-fluor-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-yO-tetrahydrofuran-S-carboxylic
acid amide
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-8-fluor-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid amideas well as
(R)-3-[(5-bronno-thiophen-2-yl)-carbonylannino]-/\/-(3
-nnethyl-2,3,4,5-tetrahydro-
1/-/-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxyli
c acid amide,
(R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-/V-(3-n
nethyl-2,3,4,5-tetrahydro-
1H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide,
(3R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((5R)-3,5-dimethyl-2,3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide and
(3R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((5S)-3,5-dimethyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid amide, (R)-5-chloro-thiophene-2-carboxylic
acid-L/-{3-[3-methyl-4-(5-cyanimin- [ 1
.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-y
l}-amide, (R)-5-chloro-thiophene-2-carboxylic
acid-L/-{3-[4-(5-cyanimin-[1 .4]oxazepan-4-
yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,
(R)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[3-methyl-4-(5-oxo- [ 1
,4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-y
l}-amide, 



(R)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[4-(5-cyanimin-[1 .4]oxazepan-4-
yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,(R)-5
-bromo-thiophene-2-carboxylic
acid-/V-{3-[3-methyl-4-(3-oxo-morpholin-4-
yl)-phenylcarbannoyl]-tetrahydro-thiophen-3-yl}-annide
, (R)-5-ethinyl-thiophene-2-carboxylic
acid-N-{3-[4-(3-oxo-morpholin-4-yl)-
phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-annide,
(R)-5-bromo-thiophene-2-carboxylic
acid-N-{3-[3-methyl-4-(pyrrolidin-1 -ylcarbonyl)-
phenylcarbamoyl]-tetrahydrofuran-3-yl}-annide,
(R)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[4-(pyrrolidin-1 -yl-carbonyl)-
phenylcarbamoyl]-tetrahydrofuran-3-yl}-annide,
(R)-5-ethinyl-thiophene-2-carboxylic
acid-L/-{3-[3-chloro-4-(3-oxo-nnorpholin-4-
yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-annide,
(R)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[3-chloro-4-(2-oxo-azepan-1 -yl)-
phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-annide,
(R)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[4-(2-oxo-azepan-1-yl)-
phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-annide,
(R)-5-bromo-thiophene-2-carboxylic
acid-/V-{3-[3-methyl-4-(5-cyaninnin- [ 1
.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-y
l}-annide,(R)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[3-chloro-4-(5-cyanimin- [ 1
4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl
}-amide, (R)-5-chloro-thiophene-2-carboxylic
acid-L/-{3-[3-nnethyl-4-(3-cyaninninomorpholin-
4-yl)-phenylcarbannoyl]-tetrahydrofuran-3-yl}-annide,
(R)-5-chloro-thiophene-2-carboxylic
acid-/V-{3-[3-chloro-4-(3-cyaniminomorpholin-
4-yl)-phenylcarbannoyl]-tetrahydrofuran-3-yl}-annide,
the following compound the following compound
(R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(2,2,3-thmethyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-yO-tetrahydrofuran-S-carboxylic
acid amide,
(R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3,4,4-thmethyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid
amide,(R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3,5,5-trimethyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid amide,
(R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-9-fluor-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-yO-tetrahydrofuran-S-carboxylic
acid amide, and
(R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-8-fluor-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-yO-tetrahydrofuran-S-carboxylic
acid amide. In a preferred embodiment, the following
compounds are preferred:
(S)-3-[(5-bromo-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-2,3,4,5-tetrahydro-
1H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-2,3,4,5-tetrahydro-
1H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid
amide(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((5R)-3,5-dimethyl-2,3,4,5- tetrahydro-1
/-/-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((5S)-3,5-dimethyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid amide
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((1 R)-1 ,3-dimethyl-2,3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((1 S)-1 ,3-dimethyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid amide (S)-5-chloro-thiophene-2-carboxylic
acid-L/-{3-[3-methyl-4-(5-cyanimin- [ 1
.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-y
l}-amide(S)-5-bromo-thiophene-2-carboxylic
acid-L/-{3-[3-methyl-4-(5-oxo- [ 1
,4]oxazepan-4-yl)-phenylcarbannoyl]-tetrahydrofuran-3-
yl}-annide (S)-5-chloro-thiophene-2-carboxylic
acid-/V-{3-[4-(5-cyanimin-[1 .4]oxazepan-4-
yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-annide
(S)-5-bromo-thiophene-2-carboxylic
acid-/V-{3-[3-methyl-4-(3-oxo-morpholin-4-
yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-annide
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3,5,5-trimethyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid amideThe invention also relates to
physiologically acceptable salts of the compounds
according to the embodiments defined above and the
Examples. Description of the manufacturing process of
the invention a) The preparation of a compound of
general formula (Ia)wherein A, A1to A3, K1to K4, X and
R1 to R6 are defined as in embodiment 1, and which may
optionally be protected at any amino, hydroxy, or
carboxy groups present by the usual protective groups
such as for example those described in T.W. Greene,
P.G.M. Wuts in "Protective Groups in Organic
Synthesis" and the protective groups of which may be
cleaved in a manner known from the literature, is
described in the exemplifying embodiments or can be
done according to known procedures from the literature
or may be carried out for example according to one of
the following formula schemes 1a or 1b or 2 : Scheme
1a compound of formula (I) p Scheme 1bcompound of
formula Scheme 2(PG = H or protecting group for the
amino group) (Vl) cleaving of amino protecting group
where Q denotes a hydroxy or Ci-4-alkyloxy group, a
halogen atom or a Ci-5-alkyloxycarbonyloxy or acyloxy
group and PG denotes a hydrogen atom or a protective
group for the amino function known from the literature
such as for example a tert.-butoxycarbonyl,
benzyloxycarbonyl, p-methoxybenzyloxycarbonyl,
allyloxycarbonyl, ethyloxycarbonyl,
isopropyloxycarbonyl, 2,2,2-trichlorethyloxycarbonyl,
methyloxycarbonyl, 9-fluorenylmethyloxycarbonyl,
2-trimethylsilylethyloxycarbonyl,
phenylethyloxycarbonyl, acetyl or a trifluoroacetyl
group. Enantiomerically pure compounds Ia, Ib and Ic
can be obtained either by chiral chromatography or
chemical resolution of racemic Ia, Ib or Ic or
optically active intermediates V, Vl or VII can be
employed in the synthetic steps described in Scheme
1a, 1b and 2 . Accordingly, in a further embodiment,
the present invention includes a method for the
preparation of substituted
3-amino-tetrahydrofuran-3-carboxylic acid amides of
general formula (Ia) in high optical purity at the
carbon in position 3 of the tetrahydrofuran ring
comprising reacting a compound of the general formula 



(IVa) with a compound of the general formula (V) in
high optical purity at the carbon in position 3 of the
tetrahydrofuran ring optionally further comprising
cleaving protecting groups, wherein K 1, K2, K3, K4,
X, A 1, A2, A3, R2, R3 and R6, and Q are as defined
hereinabove. The amino-tetrahydrofuran carboxylic acid
amide moiety of the compound of the general formula
(V) and of the 3- amino-tetrahydrofuran-3-carboxylic
acid amides of general formula (Ia) may have the
R-configuration or the S-configuration. In a further
embodiment, the present invention also includes a
method for the preparation of substituted
3-amino-tetrahydrofuran-3-carboxylic acid amides of
general formula (Ib) in high optical purity at the
carbon in position 3 of the tetrahydrofuran ring
comprising reacting a compound of the general formula
(IVb) with a compound of the general formula (V) in
high optical purity at thecarbon in position 3 of the
tetrahydrofuran ring, optionally further comprising
cleaving protecting groups, wherein A, R4, R5, R2, R3
and R6, and Q are as defined hereinabove. The
amino-tetrahydrofuran carboxylic acid amide moiety of
the compound of the general formula (V) and of the
3-amino-tetrahydrofuran- 3-carboxylic acid amides of
general formula (Ib) may have the R-configu ration or
the S-configuration. In a further embodiment, the
present invention also includes a method for the
preparation of substituted
3-amino-tetrahydrofuran-3-carboxylic acid amides of
general formula (Ic) in high optical purity at the
carbon in position 3 of the tetrahydrofuran ring
comprising the steps of: a) reacting a compound of the
formula (IV) with a compound of the formula (Vl) in
high optical purity at the carbon in position 3 of the
tetrahydrofuran ring to obtain a compound of the
formula (VII) in high optical purity at the carbon in
position 3 of the tetrahydrofuran ring, optionally
cleaving the amino protecting group; and b) reacting
said compound (VII) of step a) with a compound of
formula (VIII), wherein Q, PG, D, R3, R2 and R6 are as
defined hereinabove. The aminotetrahydrofuran
carboxylic acid amide moiety of the compound of the
general formula (Vl) and of the
3-amino-tetrahydrofuran-3-carboxylic acid amides of
general formula (Ic) may have the R-configuration or
the S-configuration. The reaction steps i) -iii)
described in Scheme 1 and 2 may for example be carried
out as described in the Examples or under conditions
known from the literature, for example as follows:i)
acylation of an amine (IV) or (VII) with an optionally
activated carboxylic acid (V) or (Vl) or (VIII) The
acylation is expediently carried out with a
corresponding halide or anhydride in a solvent such as
methylene chloride, chloroform, carbon tetrachloride,
ether, ethyl acetate, tetrahydrofuran, dioxane,
benzene, toluene, acetonitrile, dimethylformamide,
sodium hydroxide solution or sulpholane, optionally in
the presence of an inorganic or organic base at
temperatures between -20 and 200 C, but preferably at
temperatures between - 10 and 160 C. The acylation may
however also be carried out with the free acid,
optionally in the presence of an acid-activating agent
or a dehydrating agent, for example in the presence of
isobutyl chloroformate, thionyl chloride,
thmethylchlorosilane, hydrogen chloride, sulphuric
acid, methanesulphonic acid, p-toluenesulphonic acid,
phosphorus trichloride, 1-propylphosphonic acid cyclic
anhydride, phosphorus pentoxide, 2-ethoxy-1
-ethoxycarbonyl-1 .2-dihydroquinoline (EEDQ),
L/./V-dicyclohexylcarbodiimide,
L/./V-dicyclohexylcarbodiimide/camphorsulphonic acid,
L/,L/'-dicyclohexylcarbodiimide/ L/-hydroxysuccinimide
or 1-hydroxy-benzotriazole, L/./V-carbonyldiimidazole,
O-(benzotriazol-1 -yl)-
A/./V./V./V-tetramethyl-uronium tetrafluoroborate/
L/-methylmorpholine, O-(benzotriazol-1 -yl)-/V,/V,L
/V-tetramethyluronium
tetrafluoroborate//Vethyldiisopropylamine,
O-pentafluorophenyl-/V,/V,/V',/V'-tetramethyluroniumhe
xafluorophosphate/ thethylamine,
L/./V-thionyldiimidazole ortriphenylphosphine/carbon
tetrachloride, at temperatures between -20 and 200 C,
but preferably at temperatures between - 10 and 160 C.
The acylation may also be carried out with a
carboxylic acid ester (V) or (Vl) and the amine (IV)
by activation with trimethylaluminium. The acylation
of a compound of general formula (IV) may however also
be carried out with a reactive carboxylic acid
derivative of general formula (R- or SIX) wherein R6
and R2 are defined as in embodiment 1. The acylation
is then conveniently carried out in a solvent such as
for example toluene, tetrahydofuran or
dimethylformamide, with the addition of an acid such
as acetic acid or camphorsulphonic acid or optionally
in the presence of a Lewis acid such as zinc chloride
or copper(ll)chlohde and optionally by the addition of
amine bases such as for example diisopropylethylamine,
triethylamine or Nmethylmorpholine, at temperatures
between - 10 and 100C, for example using a microwave
oven or as described in P.Wipf et al., Helvetica
Chimica Acta, 69, 1986, 1153.Compounds of general
formula (IX) may be prepared from compounds of general
formula (V), expediently in a solvent or mixture of
solvents such as dichloromethane, trichloromethane,
carbon tetrachloride, benzene, chlorobenzene, toluene,
xylene, hexamethyldisiloxane, ether, tetrahydrofuran,
dioxane, acetonitrile, pyridine, optionally in the
presence of L/./V-dicyclohexylcarbodiimide,
W./V-dicyclohexylcarbodiimide/W-hydroxysuccinimide or
1-hydroxy-benzothazole, L/./V-carbonyldiimidazole,
O-(benzotriazol-1 -yl)-
A/./V./V./V-tetramethyl-uronium tetrafluoroborate/
L/-methylmorpholine, O-(benzothazol-1
-yl)-/V,/V,/V\/V-tetramethyluronium
tetrafluoroborate//Vethyldiisopropylamine, or in
acetic anhydride at temperatures between -20 and 200
C, but preferably at temperatures between - 10 and 100
C. Other methods of amide coupling are described for
example in P.D. Bailey, I .D. Collier, K.M. Morgan in
"Comprehensive Functional Group Interconversions",
Vol. 5, page 257ff., Pergamon 1995 or in Supplementary
Volume 22 to Houben- Weyl, Thieme Verlag, 2003 and
literature cited therein. ii) or iii) Cleaving a
protective group The optional subsequent cleaving of
any protective group used is carried out
hydrolytically, for example, in an aqueous solvent,
e.g. in water, isopropanol/water,
tetrahydrofuran/water or dioxane/water, in the
presence of an acid such as trifluoroacetic acid,
hydrochloric acid or sulphuric acid or in the presence
of an alkali metal base such as lithium hydroxide,
sodium hydroxide orpotassium hydroxide or by ether
cleavage, e.g. in the presence of iodotrimethylsilane,
at temperatures between 0 and 100 C, preferably at
temperatures between 10 and 50 C. 



A benzyl, methoxybenzyl or benzyloxycarbonyl group
may, however, be cleaved hydrogenolytically, e.g. with
hydrogen in the presence of a catalyst such as
palladium/charcoal in a solvent such as methanol,
ethanol, ethyl acetate, dimethylformamide,
dimethylformamide/acetone or glacial acetic acid,
optionally with the addition of an acid such as
hydrochloric acid at temperatures between 0 and 50C,
but preferably at room temperature, and under a
hydrogen pressure of 1 to 7 bar, but preferably 1 to 5
bar. A protective group may however also be cleaved by
the methods described in T.W. Greene, P.G.M. Wuts in
"Protective Groups in Organic Synthesis". (b) The
components of general formula IV (including IVa and
IVb) D-NH-R3 (IV), wherein D and R3 are defined as in
embodiment 1, and which may optionally be protected at
any amino, hydroxy, or carboxy groups present by the
usual protective groups such as for example those
described in T.W. Greene, P.G.M. Wuts in "Protective
Groups in Organic Synthesis" and the protective groups
of which may be cleaved in a mannerknown from the
literature in the course of the synthesis sequence to
form compounds of formula (I), are known from the
literature, o r their synthesis is described in the
exemplifying embodiments, o r they may be prepared for
example using methods of synthesis known from the
literature o r analogously to methods of synthesis
known from the literature as described for example in
DE4429079, US4490369, DE351 5864, US51 751 57, DE1 921
861 , WO85/00808 o r in G . Bobowski et al., J
.Heterocyclic Chem. 16 , 1525, 1979 o r in P .D.
Johnson et al., Bioorg. Med. Chem. Letter 2003, 4 197,
o r in WO04/461 38, WO05/1 11014, WO05/1 11029 o r
WO06/34822. Fragments bridged in the azepine moiety as
shown in formula 11-1 o r II-2 may for example be
prepared analogously to J .W . Coe et al. J . Med.
Chem., 2005, 48, 3474 o r J.W. Coe et al. , US Patent
application US2005/0020616, WO05/1 11014, WO05/1 11029
o r WO06/34822. For example, a compound of general
formula (IV), wherein R3 denotes a hydrogen atom and A
1, A2, A3, K 1, K2, K3, K4 and X are defined as in
embodiment 1, may be prepared by reduction of the
nitro group of a compound of general formula (III) O
(Hi)wherein A 1, A2, A3, K 1, K2, K3, K4 and X are
defined as in embodiment 1, as follows. The reduction
of the nitro group is for example conveniently carried
out in a solvent or mixture of solvents such as water,
aqueous ammonium chloride solution, hydrochloric acid,
sulphuric acid, phosphoric acid, formic acid, acetic
acid, acetic anhydride with base metals such as iron,
zinc, tin or sulphur compounds such as ammonium
sulphide, sodium sulphide or sodium dithionite or by
catalytic hydrogenation with hydrogen, for example
under a pressure between 0.5 and 100 bar, but
preferably between 1 and 50 bar, or with hydrazine as
reducing agent, conveniently in the presence of a
catalyst such as for example Raney nickel, palladium
charcoal, platinum oxide, platinum on mineral fibres
or rhodium, or with complex hydrides such as lithium
aluminium hydride, sodium borohydhde, sodium
cyanoborohydride, diisobutylaluminium hydride,
conveniently in a solvent or mixture of solvents such
as water, methanol, ethanol, isopropanol, pentane,
hexane, cyclohexane, heptane, benzene, toluene,
xylene, ethyl acetate, methylpropionate, glycol,
glycoldimethylether, diethyleneglycoldimethylether,
dioxane, tetrahydrofuran, Nmethylpyrrolidinone, or
/V-ethyl-diisopropylamine, /V-Ci-s-alkylmorpholine,
/V-Ci-5-alkylpiperidine, A/-Ci -5-alkylpyrrolidine,
triethylamine, pyridine, for example at temperatures
between -30 and 2500C, but preferably between 0 and
1500C. (c) The components of general formulawherein
R4, R5, R6 and R2 are defined as in embodiment 1, and
where Q denotes a hydroxy or Ci-4-alkyloxy group, a
halogen atom or a Ci-5-alkyloxycarbonyloxy or acyloxy
group which may optionally be protected at any amino,
hydroxy, carboxy or thiol groups present by the usual
protective groups such as for example those described
in T.W. Greene, P.G.M. Wuts in "Protective Groups in
Organic Synthesis" and the protective groups of which
may be cleaved in a manner known from the literature
in the course of the synthesis sequence to form
compounds of formula (I), are known from the
literature, or their synthesis is described in the
exemplifying embodiments, or they may be prepared for
example using methods of synthesis known from the
literature or analogously to methods of synthesis
known from the literature as described for example in
WO04/461 38, WO05/1 11014, WO05/1 11029 or WO06/34822
. Scheme 3of Q-I to Q (V) For example they may also be
prepared according to Scheme 3 by reacting a compound
(VIII) with an amine (VI-1 ) , where Q denotes a
hydroxy or Ci-4-alkyloxy group, a halogen atom or an
alkyloxycarbonyloxy or acyloxy group and Q-I denotes a
hydroxy or Ci-4-alkyloxy group, which may optionally
be converted into Q after the acylation step by
saponification and activation as described above. The
acylation may be carried out according to the
acylation conditions described above. The amino acid
derivatives (VI-1 ) are known from the literature or
may be prepared analogously to methods known from the
literature as described in the Examples, for example,
from commercially obtainable amino acid derivatives.
d) The components of general formula V orwherein D and
R3 are defined as in embodiment 1, can be synthetized
as described in the exemplifying embodiments, or they
may be prepared for example using methods of synthesis
known from the literature or they may be prepared
according to Scheme 4 . Scheme 4 Chemical resolution
with chiral acid (HX) R = H or protecting groups as
esters (S)-VIa x HX (R)-VIa x HX separation by
crystallization 



Neutralization Hydrolysis (I)Scheme 5 amide formation
R = protecting groups as esters (I)Scheme 5(a) x HX
Neutralization (S)-VIa (R)-V PG = amino protecting
group AmidationScheme 5(b) x HX group e) Preparation
of a compound of general formula (Xl) wherein R is
Ci-Ci 2-alkyl, aryl, or aryl- Ci-Ci 2-alkyl or a
heterocycle, for example R is Ci-C 4-alkyl, aryl, or
aryl-Ci-C 4-alkyl, alternatively R is methyl, nbutyl
or iso-butyl, benzyl, phenethyl.In one embodiment, the
present invention relates to a process for the
preparation of a compound of the formula (Xl). In this
process, a Strecker reaction is used in a "one-pot"
process followed by in suit formation of ester
avoiding the isolation of intermediate product 2 1
from the reaction mixture. For example, the new
process is shown as follow: 2 1 Xl In one embodiment,
the process uses ketone (X) as the starting material
in a reaction with a nitrogen source (for example
ammonium acetate or ammonia), in alcohol (for example
methanol or ethanol) and a cyanide source (for example
a cyanide salt, such as sodium cyanide or potassium
sodium). The reaction is for example carried out at
ambient temperature. This results in the production of
intermediate 2 1. Typically, intermediate 2 1 is not
isolated and is directly treated with alcohol R-OH in
the presence of acid (for example HCI) to generate the
desired ester. The process is generally operated in
mild condition and readily available starting
materials are used. Optically pure derivatives of the
compounds of the general formula (Xl) can be obtained
by the resolution methods described hereinbelow,
including chemical resolution for example with
L-Mandelic acid, or enzymatic resolution, for example
with alcalase. Accordingly, in a further embodiment,
the invention relates to a compound of the general
formula (Xl) in high optical purity. In one aspect the
compound ofthe general formula (Xl) in high optical
purity is in the R-configuration or in the
S-configuration. In the reactions described
hereinbefore any reactive groups present such as
hydroxy, carboxy, amino, alkylamino or imino groups
may be protected during the reaction by conventional
protective groups which are cleaved again after the
reaction. For example a protecting group for a hydroxy
group might be the methoxy, benzyloxy, trimethylsilyl,
acetyl, benzoyl, te/t.-butyl, trityl, benzyl or
tetrahydropyranyl group. Protecting groups for a
carboxyl group might be the trimethylsilyl, methyl,
ethyl, te/t.-butyl, benzyl or tetrahydropyranyl group.
A protecting group for an amino, alkylamino or imino
group might be the acetyl, trifluoroacetyl, benzoyl,
ethoxycarbonyl, te/t.-butoxycarbonyl,
benzyloxycarbonyl, benzyl, methoxybenzyl or
2,4-dimethoxybenzyl group and additionally, for the
amino group, the phthalyl group. For example a
protecting group for an ethynyl group might be the
trimethylsilyl, diphenylmethylsilyl,
tert.butyldimethylsilyl or a 1-hydroxy-1 -methyl-ethyl
group.Other protective groups which may be used and
their removal are described in T.W. Greene, P.G.M.
Wuts, "Protective Groups in Organic Synthesis", Wiley,
1991 and 1999. Any protective group used is optionally
subsequently cleaved for example by hydrolysis in an
aqueous solvent, e.g. in water, isopropanol/water,
tetrahydrofuran/water or dioxane/water, in the
presence of an acid such as trifluoroacetic acid,
hydrochloric acid or sulphuric acid or in the presence
of an alkali metal base such as lithium hydroxide,
sodium hydroxide or potassium hydroxide or by means of
ether splitting, e.g. in the presence of
iodotrimethylsilane, at temperatures between 0 and 100
C, preferably at temperatures between 10 and 50 C. A
benzyl, methoxybenzyl or benzyloxycarbonyl group,
however, is cleaved by hydrogenolysis, for example,
e.g. with hydrogen in the presence of a catalyst such
as palladium/charcoal in a solvent such as methanol,
ethanol, ethyl acetate, dimethylformamide,
dimethylformamide/acetone or glacial acetic acid,
optionally with the addition of an acid such as
hydrochloric acid at temperatures between 0 and 50C,
but preferably at room temperature, and under a
hydrogen pressure of 1 to 7 bar, but preferably 1 to 5
bar. A methoxybenzyl group may also be cleaved in the
presence of an oxidising agent such as
cerium(IV)ammonium nitrate in a solvent such as
methylene chloride, acetonitrile or acetonitrile/water
at temperatures between 0 and 50 C, but preferably at
room temperature.A methoxy group is conveniently
cleaved in the presence of boron tribromide in a
solvent such as methylene chloride at temperatures
between -35 and -25C. A 2,4-dimethoxybenzyl group,
however, is preferably cleaved in trifluoroacetic acid
in the presence of anisol. A te/t.-butyl or
te/t.-butyloxycarbonyl group is preferably cleaved by
treatment with an acid such as trifluoroacetic acid or
hydrochloric acid, optionally using a solvent such as
methylene chloride, dioxane or ether. A phthalyl group
is preferably cleaved in the presence of hydrazine or
a primary amine such as methylamine, ethylamine or
n-butylamine in a solvent such as methanol, ethanol,
isopropanol, toluene/water or dioxane at temperatures
between 20 and 50 C. An allyloxycarbonyl group is
cleaved by treatment with a catalytic amount of
tetrakis-(thphenylphosphine)-palladium(0), preferably
in a solvent such as tetrahydrofuran and preferably in
the presence of an excess of a base such as morpholine
or 1,3-dimedone at temperatures between 0 and 100 C,
preferably at room temperature and under inert gas, or
by treatment with a catalytic amount of
tris-(triphenylphosphine)-rhodium(l)chloride in a
solvent such as aqueous ethanol and optionally in the
presence of a base such as
1,4-diazabicyclo[2,2,2]octane at temperatures between
20 and 70C.Furthermore, the compounds of formula (I)
obtained may be converted into the salts thereof,
particularly for pharmaceutical use into the
physiologically 



acceptable salts with inorganic or organic acids.
Acids which may be used for this purpose include for
example hydrochloric acid, hydrobromic acid, sulphuric
acid, methanesulphonic acid, phosphoric acid, fumaric
acid, succinic acid, lactic acid, citric acid,
tartaric acid or maleic acid. Moreover, if the new
compounds of formula (I) contain a carboxy group, they
may subsequently, if desired, be converted into the
salts thereof with inorganic or organic bases,
particularly for pharmaceutical use into the
physiologically acceptable salts thereof. Suitable
bases for this purpose include for example sodium
hydroxide, potassium hydroxide, cyclohexylamine,
ethanolamine, diethanolamine, and triethanolamine.
According to the invention the optically pure
derivatives of 3-Aminotetrahydrofuran- 3-carboxylic
acid e.g. I, V, Vl, VII or IX can be obtained for
example in analogy to the following methods: Method I
: Chemical resolution with mandelic acidOH Sg / C ( l
NaOH Ac20 Method II: Separation of the enantiomers via
chiral chromatography The separations can be performed
on various DAICEL columns like AD-H, ODH, AS-H, OJ-H,
IA, IB and Kromasil DMB, TBB. Especially useful are
DAICEL AD-H, OJ-H and IA columns. Chiral
chromatography can be used to separate racemic 7 into
its S- and R-enantiomer and (R)-7or b) to separate
racemic derivatives 11 like 10 11 S-1 2 and R-1 2 or
c) to separate racemic mixtures of I (S)-I (R)-I
Method III: Enzymatic resolution(S)-1 5 (S)-7 Method
IV: Alternative chemical resolution with mandelic acid
16 17 Accordingly, in a further embodiment, the
present invention includes a method for preparing a
compound of the formula (V) in high optical purity at
the carbon in position 3 of the tetrahydrofuran ring
by enzymatic resolution of a racemic mixture of said
compound of the formula (V), preferably with alcalase,
wherein R2 and R6 are as defined hereinabove, and
wherein Q is a straight orsubstituted Ci-12-alkyloxy
group, allyloxy or substituted allyloxy group, a
Ci-12-alkyloxycarbonyloxy or acyloxy group, preferably
Q is a straight or substutited Ci-4-alkyloxy. In
another embodiment, the present invention includes a
compound of the formula (V) in high optical purity at
the carbon in position 3 of the tetrahydrofuran ring,
wherein R2 and R6 are as defined hereinabove, and
wherein Q is a hydroxy or substituted Ci-12-alkyloxy
group, a halogen atom or a Ci-12-alkyloxycarbonyloxy
or acyloxy group, or substituted allyloxy group,
preferably Q is a substituted Ci-i 2-alkyloxy or
substituted allyloxy group. In one aspect of the
invention, the amino-tetrahydrofuran carboxylic acid
amide moiety of the compound of the general formula
(V) in high optical purity at the carbon in position 3
of the tetrahydrofuran ring has the S-configuration.
In another aspect, the compound of the general formula
(V) in high optical purity at the carbon in position 3
of the tetrahydrofuran ring is obtainable by the
process described above. In a further embodiment, the
present invention includes a method for preparing a
compound of the formula (Vl) in high optical purity at
the carbon in position 3 of the tetrahydrofuran ring
by enzymatic resolution of a racemic mixture of said
compound of the formula (Vl), preferably with
alcalase, wherein Q is straight or substituted Ci-i
2-alkyloxy group, or a Ci-i 2-alkyloxycarbonyloxy or
acyloxy group, or substituted allyloxy group,
preferably Q is a substituted Ci-4-alkyloxy group, and
PG is a hydrogen atom or a protective group for the
amino function as defined hereinabove.In another
embodiment, the present invention includes a compound
of the formula (Vl) in high optical purity at the
carbon in position 3 of the tetrahydrofuran ring,
wherein Q is a hydroxy or straight or substituted
Ci-12-alkyloxy group, a halogen atom or a
Ci-12-alkyloxycarbonyloxy or acyloxy group, or
substituted allyloxy, preferably Q is a straight or
substituted Ci-4-alkyloxy group, and PG is a hydrogen
atom or a protective group for the amino function as
defined hereinabove. In one aspect of the invention,
the amino-tetrahydrofuran carboxylic acid amide moiety
of the compound of the general formula (Vl) in high
optical purity at the carbon in position 3 of the
tetrahydrofuran ring has the S-configuration. In
another aspect, the compound of the general formula
(Vl) in high optical purity at the carbon in position
3 of the tetrahydrofuran ring is obtainable by the
process described above. In another embodiment, the
present invention includes a method for preparing a
compound of the formula (VII) in high optical purity
at the carbon in position 3 of the tetrahydrofuran
ring by chemical resolution of a racemic mixture of
said compound of the formula (VII) with a chiral acid,
preferably with L-mandelic acid, wherein D and R3 are
as defined hereinabove. In another embodiment, the
present invention includes a compound of the formula
(VII) in high optical purity at the carbon in position
3 of the tetrahydrofuran ring, wherein D and R3 are as
defined hereinabove. In one aspect of the invention,
the amino-tetrahydrofuran carboxylic acid amide moiety
of the compound of the general formula (VII) in high
optical purity at the carbon in position 3 of the
tetrahydrofuran ring has the S-configuration. In
another aspect, the compound of the general formula
(VII) in high optical purity at thecarbon in position
3 of the tetrahydrofuran ring is obtainable by the
process described above. Especially useful
3-Amino-tetrahydrofuran-3-carboxylic acid precursors
for the manufacturing of substituted
3-amino-tetrahydrofuran-3-carboxylic acid amides of
general formula (I) are the following compounds:
Determination of the absolute stereochemistry The
absolute configuration of the compounds can be
determined by X-ray crystallography as is exemplified
in the experimental part for (S)-3-[(5-chlorothiophen-
2-yl)-carbonylamino]-tetrahydro-furan-3-carboxylic
acid 7 :Description of the pharmaceutical useful
properties of the compounds As already mentioned
hereinbefore, the compounds of general formula (I) and
the tautomers, enantiomers, diastereomers and
physiologically acceptable salts 



thereof have valuable pharmacological properties,
particularly an antithrombotic activity which is
preferably based on an effect on thrombin or factor
Xa, for example on a thrombin-inhibiting or factor
Xa-inhibiting activity, on a prolonging effect on the
aPTT time and on an inhibitory effect on related
serine proteases such as e.g. urokinase, factor Vila,
factor IX, factor Xl and factor XII. The compounds
listed in the Experimental Section were investigated
for their effect on the inhibition of factor Xa as
follows: Method: Enzyme-kinetic measurement with
chromogenic substrate. The quantity of pnitroaniline
(pNA) released from the colourless chromogenic
substrate by human factor Xa is determined
photometrically at 405 nm. It is proportional to the
activity of the enzyme used. The inhibition of the
enzyme activity by the test substance (in relation to
the solvent control) is determined at various
concentrations of test substance and from this the
IC5Ois calculated, as the concentration which inhibits
the factor Xa used by 50 %.Material:
Tris(hydroxymethyl)-aminonnethane buffer ( 100 mMol)
and sodium chloride ( 150 mMol), pH 8.0 plus 1 mg/ml
Human Albumin Fraction V, protease-free Factor Xa
(Calbiochem), spec activity: 2 17 IU/mg, final
concentration: 7 IU/ml for each reaction mixture
Substrate S 2765 (Chromogenix), final concentration:
0.3 mM/l ( 1 KM) for each reaction mixture Test
substance: final concentration 100, 30, 10, 3, 1, 0.3,
0.1 , 0.03, 0.01 , 0.003, 0.001 mMol/l Procedure: 10
ml of a 23.5-times concentrated starting solution of
the test substance or solvent (control), 175 ml of
TRIS/HSA buffer and 25 ml of a 65.8 U/L Factor Xa
working solution are incubated for 10 minutes at 37C.
After the addition of 25 ml of S 2765 working solution
(2.82 mMol/l) the sample is measured in a photometer
(SpectraMax 250) at 405 nm for 600 seconds at 37C.
Evaluation: 1. Determining the maximum increase
(deltaOD/minutes) over 2 1 measuring points.2 .
Determining the % inhibition based on the solvent
control. 3 . Plotting a dosage/activity curve (%
inhibition vs substance concentration). 4 .
Determining the IC5Oby interpolating the X-value
(substance concentration) of the dosage/activity curve
at Y = 50 % inhibition. All the compounds tested had
an IC5Ovalue of less than 10 mmol/L. Surprisingly, for
the compounds with S-configuration at the
amino-tetrahydrofuran carboxylic acid amide moiety
higher potency was observed in the FXa assay. For
example:
(S)-3-[(5-Bromo-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-2,3,4,5-tetrahydro-
1H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide showed an IC5Oat an approximately 9-fold
lower plasma concentration compared to the
(R)-enantiomer,
(S)-3-[(5-Chloro-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-2,3,4,5-tetrahydro-
1H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide showed an IC5Oat an approximately 8-fold
lower plasma concentration compared to the
(R)-enantiomer,
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((5R)-3,5-dimethyl-2,3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amideshowed an IC50 at an approximately 10-fold
lower plasma concentration compared to the
corresponding (3R,5R)-diastereoisomer and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-((5S)-3,5-dimethyl-2,3,4,5- tetrahydro-1
H-benzotc/Jazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid amide showed an IC5Oat an approximately 7-fold
lower plasma concentration compared to the
corresponding (3R,5S)-diastereoisomer.
(S)-5-chloro-thiophene-2-carboxylic acid-
L/-{3-[3-methyl-4-(5-cyanimin- [ 1
.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-y
l}-amide showed an IC5Oat an approximately 17-fold
lower plasma concentration compared to the
(R)-enantiomer, (S)-5-bromo-thiophene-2-carboxylic
acid- L/-{3-[3-methyl-4-(5-oxo- [ 1
,4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-y
l}-amide showed an IC5Oat an approximately 16-fold
lower plasma concentration compared to the
(R)-enantiomer, (S)-5-chloro-thiophene-2-carboxylic
acid- L/-{3-[4-(5-cyanimin-[1 .4]oxazepan-4-
yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide
showed an IC5Oat an approximately 15-fold lower plasma
concentration compared to the (R)- enantiomer and
(S)-5-bromo-thiophene-2-carboxylic acid-
L/-{3-[3-methyl-4-(3-oxo-morpholin-4-
yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide
showed an IC5Oat anapproximately 15-fold lower plasma
concentration compared to the (R)- enantiomer. In view
of their pharmacological properties the new compounds
and the physiologically acceptable salts thereof are
suitable for the prevention and treatment of venous
and arterial thrombotic diseases, such as for example
the prevention and treatment of deep leg vein
thrombosis, thrombophlebitis, for preventing
reocclusions after bypass operations or angioplasty
(PT(C)A), and occlusion in peripheral arterial
diseases, and for preventing and treating pulmonary
embolism, disseminated intravascular coagulation and
severe sepsis, for preventing and treating DVT in
patients with exacerbated COPD, for treating
ulcerative colitis, for preventing and treating
coronary thrombosis, for preventing thromboembolic
events associated with atrial fibrillation, e.g.,
stroke and the occlusion of shunts. In addition, the
compounds according to the invention are suitable for
antithrombotic support in thrombolytic treatment, such
as for example with alteplase, reteplase,
tenecteplase, staphylokinase or streptokinase, for
preventing long-term restenosis after PT(C)A, for the
prevention and treatment of ischaemic events in
patients with all forms of coronary heart disease, for
preventing metastasis and the growth of tumours and
inflammatory processes, e.g. in the treatment of
pulmonary fibrosis or pulmonary arterial
hypertension,, for preventing and treating rheumatoid
arthritis, for preventing and treating
fibrin-dependent tissue adhesions and/or the formation
of scar tissue and for promoting wound healing
processes.Compounds may also have utility as
anticoagulant agents in connection with the
preparation, storage fractionation or use of whole
blood ; and in the coating of invasive devices such as
prostheses, arificial valves and catheters in reducing



the risk of thrombus formation. In view of their
pharmacological properties the new compounds and the
physiologically acceptable salts thereof are also
suitable for the treatment of Alzheimer's and
Parkinson's disease. One explanation for this arises
for example from the following findings, from which it
can be concluded that thrombin inhibitors or factor Xa
inhibitors, by inhibiting thrombin formation or
thrombin activity, may be valuable drugs for treating
Alzheimer's and Parkinson's disease. Clinical and
experimental studies indicate that neurotoxic
mechanisms, for example the inflammation which is
associated with the activation of proteases of the
clotting cascade, are involved in the dying of
neurones following brain injury. Various studies point
to the involvement of thrombin in neurodegenerative
processes, for example following a stroke, repeated
bypass operations or traumatic brain injury. An
increased thrombin activity has been demonstrated some
days after peripheral nerve damage, for example. It
has also been shown that thrombin causes a neurite
retraction, as well as glia proliferation, and
apoptosis in primary cultures of neurones and
neuroblastoma cells (for a summary see: Neurobiol.
Aging 2004, 25(6), 783- 793). Moreover, various in
vitro studies on the brains of patients with
Alzheimer's disease indicated that thrombin plays a
role in the pathogenesis of this disease (Neurosci.
Lett. 1992, 146, 152-54). A concentration of
immunereactive thrombin has been detected in neurite
plaques in the brains of Alzheimer's patients. It has
been demonstrated in vitro that thrombin also plays a
part in the regulation and stimulation of the
production of the "Amyloid Precursor Protein" (APP) as
well as in the cleaving of the APP into fragments
which can be detected in the brains of Alzheimer's
patients. Moreover, it has been demonstrated that the
thrombin-induced microglial activation leads in vivo
to the degeneration of nigral dopaminergic neurones.
These findings lead one to conclude that microglial
activation, triggered by endogenous substance(s) such
as thrombin, for example, are involved in the
neuropathological process of the cell death of
dopaminergic neurones of the kind which occurs in
patients with Parkinson's disease (J. Neurosci. 2003,
23, 5877-86). The new compounds and the
physiologically acceptable salts thereof are also
suitable for the prophylaxis and treatment of arterial
vascular diseases as combination therapy with lipid
lowering agents such as HMG-CoA reductase inhibitors;
and vasodilators, in particular ACE-inhibitors,
angiotensin Il antagonists, renin inhibitors,
b-receptor antagonists, a-receptor antagonists,
diuretics, Ca-channel blockers, or stimulators of
soluble guanylate cyclase. By increasing the
antithrombotic efficacy, the new compounds and the
physiologically acceptable salts thereof are also
suitable in combination therapy with other
anticoagulants e.g. unfractionated heparin, low
molecular heparins or fondaparinux, or direct thrombin
inhibitors e.g. recombinant hirudin or small molecule
synthetic inhibitors.Similarly, the compounds and the
physiologically acceptable salts thereof are also
suitable for the prophylaxis and treatment of arterial
vascular diseases as combination therapy with platelet
aggregation inhibitors e.g., aspirin, clopidogrel or a
glycoprotein-llb/llla antagonist or a thrombin
receptor antagonist. The dosage required to achieve
such an effect is appropriately 0.001 to 3 mg/kg body
weight, preferably 0.003 to 1.0 mg/kg body weight by
intravenous route, and 0.003 to 30 mg/kg body weight,
preferably 0.01 to 10 mg/kg body weight by oral route,
in each case administered 1 to 4 times a day. For this
purpose, the compounds of formula (I) prepared
according to the invention may be formulated,
optionally together with other active substances, with
one or more inert conventional carriers and/or
diluents, e.g. with corn starch, lactose, glucose,
microcrystalline cellulose, magnesium stearate,
polyvinylpyrrolidone, citric acid, tartaric acid,
water, water/ethanol, water/glycerol, water/sorbitol,
water/polyethylene glycol, propylene glycol,
cetylstearyl alcohol, carboxymethylcellulose or fatty
substances such as hard fat or suitable mixtures
thereof, to produce conventional galenic preparations
such as plain or coated tablets, capsules, powders,
suspensions or suppositories. The new compounds and
the physiologically acceptable salts thereof may be
used therapeutically in conjunction with
acetylsalicylic acid, with inhibitors of platelet
aggregation such as fibrinogen receptor antagonists
(e.g. abciximab, eptifibatide, tirofiban, roxifiban),
with physiological activators and inhibitors ofthe
clotting system and the recombinant analogues thereof
(e.g. Protein C, TFPI, antithrombin), with inhibitors
of ADP-induced aggregation (e.g. clopidogrel,
ticlopidine), with P2T receptor antagonists (e.g.
cangrelor) or with combined thromboxane receptor
antagonists/synthetase inhibitors (e.g. terbogrel) or
with a thrombin receptor antagonist (e.g. SCH-530348).
Experimental section The Examples that follow are
intended to illustrate the invention, without
restricting its scope. As a rule, melting points
and/or IR, UV, 1H-NMR and/or mass spectra have been
obtained for the compounds prepared. Unless otherwise
stated, Rf values were determined using ready-made
silica gel 60 F2S4 TLC plates (E. Merck, Darmstadt,
Item no. 1.05714) without chamber saturation. The Rf
values given under the heading Alox were determined
using ready-made aluminium oxide 60 F254 TLC plates
(E. Merck, Darmstadt, Item no. 1.05713) without
chamber saturation. The Rf values given under the
heading Reversed-phase-8 (RP-8) were determined using
ready-made RP-8 F2548 TLC plates (E. Merck, Darmstadt,
Item no. 1.15684) without chamber saturation. The
ratios given for the eluants refer to units by volume
of the solvents in question. For chromato graphic
purification silica gel made by Messrs Millipore
(MATREX(tm), 35-70 mm) was used. Unless more detailed
information is provided as to the configuration,it is
not clear whether the products are pure stereoisomers
or mixtures of enantiomers and diastereomers. The
following abbreviations are used in the test
descriptions: BOC tert.-butoxycarbonyl CDI 1, 1
'-carbonyldiimidazole DIPEA /V-ethyl-diisopropylamine
DMAP 4-dimethylzaminopyridine DMF
L/,L/-dimethylformamide DMSO dimethylsulfoxide D-DTTA
(+)-O,O -di-p-toluoyl-D-tartaric acid EDC
1-ethyl-3-(3-dimethylaminopropy)carbodiimide EtOAc
ethylacetate 



sat. saturated h hour(s) HATU O-(7-azabenzothazol-1
-yl)-L/,L/,L/',L/'-tetramethyluroniumhexafluorophospha
te HOBT 1-hydroxy-benzotriazole IPA isopropanol LIHMDS
lithium hexamethyldisilazide NaHMDS sodium
hexamethyldisilazide i . vac. in vacuo cone.
concentrated min minute(s) MsCI methanesulfonyl
chlorideMTBE methyl-tert.butylether Me-THF
2-methyl-tetrahydrofuran NMM /V-methyl-morpholine
Pd2dba3 bis(dibenzylideneacetone)palladium (0) n-PrOH
1-propanol [Rh(COD)CI]2 chloro(1
,5-cyclooctadiene)rhodium Rf retention factor Rt
retention time rt room temperature TBTU
O-(benzothazol-1 -yl)-L/,L/,L/',/V-tetramethyluronium
tetrafluoroborate TEA tpethylamine TFA trifluoroacetic
acid TFFA trifluoroacetic anhydride THF
tetrahydrofuran TsCI para-toluene sulfonic acid
chloride TsOH para-toluene sulfonic acid. Walphos
1-[2-
(2'diphenylphosphinophenyl)ferrocenyl]ethyldiphenylpho
sphine The term "thiophen-2-yl" or "thien-2-yl"
denotes the group shown in the box: The HPLC-MS data
were obtained under the following conditions:Method A
The mobile phase used was: A: water with 0.15% HCOOH
B: acetonitrile time in min %A %B flow rate in ml/min
0.00 95 5 1.00 2.00 95 5 1.00 9.00 2 98 1.00 The
stationary phase used was Zorbax StableBond C 18
column; 8mm ; 50 mm x 90 mm A) Determination of the
absolute stereochemistry of compound 7 : The crystal
structure of compound 7 was determined by direct
methods. The absolute configuration was determined by
refinement of the Flack parameter (Flack H D ( 1983),
Acta Cryst. A39, 876-881 ) . Crystal data CioHioCINO4S
V = 1100.7 (4) A3 Mr = 275.70 Z = 4 Dx = 1.664 Mg rrf
3 a = 7.8200 (16) A Cu Kab = 8.7700 (18) A m = 4.91 mm
1 c = 16.050 (3) A T = 100 (2) K a = 90 Prism,
colourless b = 90 0 .1c 0.1 x0.2 mm Y = 90 Data
collection Saturn 944 CCD mounted on AFC1 1K
diffractometer 1627 independent reflections
oscillation scans 1610 reflections with I > 2s(l)
Absorption correction: empirical (using intensity
measurements) 3840 measured reflections qmac= 63.7
Refinement Refinement on F2 w = 1/[s2(F0 2) +
(0.0388P) 2 + 0.2397P] where P = (F0 2 + 2Fc 2)/3 R[F2
> 2s(F2)] = 0.030 (D/s)max = 0.001 wR(F2) = 0.072
Dpmax = 0.27 e A 3 S = 1.08 Dpmin = -0.27 e A 3 1627
reflections Extinction correction: none 158 parameters
H atoms treated by a mixture of independent and
constrained refinement Flack parameter: 0.009 (
17)Data collection: Saturn 944 CCD mounted on AFC1
1K/RU200 rotating anode generator; cell refinement:
D*trek; data reduction: D*trek; program(s) used to
solve structure: SHELXS97 program(s) used to refine
structure: SHELXL97 molecular graphics: XP. The
configuration of the chiral carbon atom is S. The
structure is shown in Figure 4 . B) Preparation of
3-amino-tetrahydro-furan-3-carboxylic acid derived
intermediates: Preparation of
rac-S-amino-tetrahydro-furan-S-carboxylic acid
phenethyl ester x para-toluenesulfonic acid (2): To a
solution of S-amino-tetrahydrofuran-S-carboxylic acid
1 (100 g, 163 mmol) in 2-phenylethanol (456 ml_) and
toluene (400 ml_) was added TsOH-H2O (174 g, 9 16
mmol) under nitrogen and the mixture was heated to
reflux while the water was collected via a Dean-Strak
trap. At the completion of the reaction, the reaction
mixture was concentrated to 1/3 of its original volume
and cooled to ambient temperature. MTBE ( 1000 ml) was
added and the mixture was stirred for 1 h. The slurry
was filtered and the wet cake was washed twice with
MTBE and dried to give the desired product 2 (284 g)
in 92% yield. 1HNMR (DMSO-D6, 400 MHz) d 8.60 (br s,
3H), 7.47 (d, J = 8.0 Hz, 2 H), 7.20- 7.50 (m, 5H),
7.1 1 (d, J = 7.9 Hz, 2 H), 4.44 (dt, J = 6.6, 1.1 Hz,
2H), 3.97 (m, 1H), 3.84 (m, 3H), 2.97 (t, J = 6.6 Hz,
2H), 2.32 (m, 1H), 2.30 (s, 3H), 2.09 (m, 



1H)Preparation of
rac-S-amino-tetrahydro-furan-S-carboxylic acid
phenethyl ester (3): To a 1.5 L of 5% NaHCO3 aqueous
solution was added 2 (283 g) and 1.5 L of ethyl
acetate and the resulting mixture was stirred at
ambient temperature for 30 min. The organic phase was
removed and the aqueous phase was extracted once with
1.5 L of ethyl acetate. The combined organic phases
were dried and concentrated to dryness to yield 157 g
of 3 in 97% yield. Preparation of
(SJ-S-amino-tetrahydro-furan-S-carboxylic acid
phenethyl ester x L-mandelic acid (4): A mixture of 3
(157 g), MTBE (0.94 L), MeCN (0.94 L), water (0.094
L), and Lmandelic acid ( 152.2 g) was heated to 50-52
C for 30 min. The mixture was cooled to 4 1-43 C in an
hour and 1.29 g of seed was added. After stirred for
30 min, the mixture was cooled to 0 C and stirred for
3 h. The slurry was filtered and the wet cake was
washed twice with MTBE (75 mL) and dried to give crude
4 ( 1 13.5 g) in 43.9% yield and 87% de. The above
salt was recrystallized from a mixture of MTBE (908
mL), CH3CN (908 mL), and water (54.5 mL) to give 102.0
g of product in 89.9% yield and 98.2% de. One more
crystallization from MTBE (816 mL), CH3CN (816 mL),
and water (48.9 mL) gave 94.3 g of 4 in 92.5% yield
(35.0% overall yield) and 99.7% de. The
enantiomehcally purity was analyzed by chiral HPLC
with chiralpak AD-H column, 250 cm x 4.6 mm; 5 mm; 2
mL/min, 220 nm; 95% heptane/5% IPA; rt = 9.3 min
((S)-isomer); rt = 10.1 min, ((R)-isomer).Preparation
of (SJ-S-Amino-tetrahydro-furan-S-carboxylic acid
phenethyl ester 5 : A suspension of 4 (94.3 g) in 750
ml_ of EtOAc was added 750 ml_ of 5% NaHCO3 solution
and the mixture was stirred for 30 min. After the
organic phase was removed, the aqueous phase was
extracted once with EtOAc (750 ml_). The combined
organic phases were dried and concentrated to dryness
to give 57.6 g of 5 in >99% yield. Preparation of
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahy
drofuran- 3-carboxylic acid phenethylester (6): A
mixture of 5 (20 g, 85.1 mmol),
-chloro-thiophene^-carboxylic acid (14.5 g, 89.4
mmol), HOBTH 2O (13.8 g, 102 mmol), EDCHCI ( 19.6 g,
102.1 mmol), and DMF (200 ml_) was cooled to 10-1 5 C.
Then TEA ( 17.8 ml_) was added over 5 min and the
mixture was warmed to ambient temperature and stirred
for 2 h. EtOAc (20OmL) and water (200 ml_) was added
to the mixture and stirred for 20 min. The organic
phase was removed and the aqueous phase was extracted
once with EtOAc (200 ml). The combined organic phases
were washed with 200 ml_ of 5% NaCI solution and dried
and concentrated to give 6 (29 g) in 90% yield. 1HNMR
(CDCI3, 400 MHz) d 7.1 5-7.30 (m, 6H), 6.89 (br s,
1H), 4.42 (t, J = 6.9 Hz, 2H), 3.90-4.1 2 (m, 4 H),
2.96 (t, J = 6.9 Hz, 2H), 2.53 (m, 1H), 2.29 (m, 1H).
Preparation of (S - -
-chloro-thiophen^-ylJ-carbonylaminol-tetrahydrofuran-
3-carboxylic acid (7):A solution of 6 (40 g) in MeOH
(200 ml_) was cooled to 10-1 5 0C, followed by
addition of 1N NaOH (200 ml_) over 5 min. The mixture
was warmed to ambient temperature and stirred for 30
min. The mixture was concentrated to remove most of
MeOH and MTBE (200 ml_) was added and stirred the
mixture for 10 min. The organic phase was removed and
aqueous phase was washed once with 200 ml_ of MTBE.
The aqueous layer was cooled to 0 0C and 3/V HCI
solution was added to a pH = 2-3. Then 200 ml_ of
Me-THF and 18 g of NaCI was added and the mixture was
stirred for 10 min. The aqueous phase was extracted
once with 100 ml_ of Me-THF. The combined organic
phase was concentrated and 100 ml_ of heptane was
added. The slurry was filtered and the wet cake was
washed with heptane (50 ml_ x 2) and dried to give 7
(23.3 g) in 99% yield. Racemic compound 7 could also
be prepared following the procedure described for
example 1e : and (R)-7 For separation of the racemic
compound into its respective enantiomers, a
conventional analytical HPLC system with DAICEL AD-H
250mm x 4,6mm chiral column has been used, eluting
with 0,1 % Acetic Acid in Hexane(80%) / EtOH(20%) as
liquid phase. At a flow rate of 1ml/min, retention
times for the enantiomers are 9,2 min and 12,5
min.Alternatively, the separation of this racemate can
be achieved on HPLC with DAICEL OJ-H chiral column,
eluting with 0,1 % Acetic Acid in Hexane(80%) /
EtOH(20%). At a flow rate of 1ml/min, retention times
for the enantiomers are 6,05 min and 8,07 min
respectively. Preparation of
(S)-2-(5-chloro-thiophene-2-yl)-3,7-dioxa-1-azaspiro[
4.4]non-1-en-4-one (8) 50 mg (0.1 8 mmol)
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahy
drofuran- 3-carboxylic acid 7 were stirred for 2h in
45 ml acetic anhydride at 85C. The reaction mixture
was evaporated down i . vac, the residue was taken up
twice each in toluene and dichloromethane and
completely concentrated by evaporation. The crude
title compound was reacted directly without any
further purification. Preparation of benzyl
S-tert.-butoxycarbonylamino-tetrahydro-furan-Scarboxyl
ate (9): A mixture of 7.0 g
S-tert.-butoxycarbonylamino-tetrahydro-furan-S-carboxy
lic acid, 80 ml DMF and 4.6 g K2CO3 was stirred for 15
min, then 3.6 ml benzylbromide was added dropwise and
it was stirred for 3 days. The mixture was filtered
and the liquid phase was concentrated i.vaa . The
residue was diluted with CH2CI2,and the mixture was
washed with water and saturated NaCI-solution. The
organic phase was dried with Na SO4 and concentrated
i.vac. to yield the title compound in 58% yield.
Preparation of benzyl
3-amino-tetrahydro-furan-3-carboxylate (10):A mixture
of 5.2 g benzyl
S-tert.-butoxycarbonylamino-tetrahydro-furan-Scarboxyl
ate, 200 ml CH2C and 20 ml TFA was stirred for 3 h and
concentrated i . vac. to yield the title compound in
quantitative yield. Preparation of
3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahydrof
uran- 3-carboxylic acid benzylester 11 and separation
of the enantiomers (S-12 and R-12): 1.59 g (9.8 mmol)
-chloro-thiophene^-carboxylic acid is dissolved in 30
ml DMF and stirred with 3.61 g ( 10.7 mmol) benzyl
3-amino-tetrahydro-furan-3- carboxylate and 3.46 g (
10.8 mmol) TBTU and 4.3 ml (39 mmol) NMM at room
temperature for 20 h. Then the mixture is evaporated
down and purified by 



chromatography on silica gel (eluant:
dichloromethane/ethanol 100:0 to 94:6). Yield:
quantitative Rf value: 0.59 (silica gel;
dichloromethane/ethanol = 9:1 ) Ci 7Hi6CINO4S (365.83)
Mass spectrum: (M+H)+ = 366/368 (chlorine isotopes)
For separation of the racemic mixture into its
respective enantiomers (S-12 and R-12):, a
conventional HPLC system with DAICEL IA, 250mm x 4,6mm
chiral column has been used, eluting with EtOH(2%) /
CHCI3(20%) / Hexane (68%). At a flow rate of I ml/min,
retention times for the enantiomers are 12,3min and
20,7min. Alternatively, the separation of this
racemate can be achieved on supercritical fluid
chromatography with DAICEL IA chiral column, eluting
with EtOH(1 5%) /CHCI3( 10%) / supercritical CO2(75%).
At a flow rate of 70ml/min, retention times for the
enantiomers are 3,57min and 5,1 3 min respectively.
Preparation of
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahy
drofuran- 3-carboxylic acid (7): To a solution of
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahy
dro-furan- 3-carboxylic acid benzylester S-12 (5.8 g)
in ethanol (100 ml_) was added 1/V NaOH (63 ml_). The
mixture stirred for 90 min and the mixture was
concentrated i.vaa . Cold 1 N HCI was added and the
mixture was stirred overnight. The precipitate was
filtered and dried to give the title compound in 99%
yield. Preparation of
rac-S-Amino-tetrahydro-furan-S-carboxylic acid
isobutyl ester hydrogen chloride (13): To a mixture of
amino acid 1 ( 190.5 g, 1.45 mol) in 2-methyl-1
-propanol ( 1 .9 L) at 0 0C was added dropwise thionyl
chloride (21 1.6 ml_, 2.0 equiv.) over 20 min. The
mixture was heated to 89 0C, and kept at 89 0C for 0.5
h, then heated to 108 0C and stirred at this
temperature for 1.5 h. The mixture was cooled to rt
and concentrated to remove most of 2-methyl-1
-propanol. The residue was treated with f-butyl methyl
ether ( 1 L) to form a suspension and stirred at rt
for 0.5 h. The mixture was filtered and the cake was
washed twice with f-butylmethyl ether (0.2 L x 2) to
provide the desired salt 13 (287 g, 1.28 mol, 88%) as
a white solid. Preparation of
rac-S-^S-Chloro-thiophene^-carbonylJ-aminol-tetrahydro
furan- 3-carboxylic acid isobutyl ester (14): To a
mixture of salt 13 (287 g, 1.28 mol),
-chlorothiophene^-carboxylic acid (219 g, 1.35 mol,
1.05 equiv), HOBLH 2O (208 g, 1.54 mol, 1.2 equiv),
and EDCHCI (295 g, 1.54 mol, 1.2 equiv) in anhydrous
DMF at 0 0C was added triethylamine over 10 min. The
mixture was allowed to warm to rt and stirred for 3 h.
EtOAc (2 L) and water (2 L) was added and the aqueous
layer was removed. The EtOAc layer was further washed
with water (2 L) and 5% NaCI solution (2 L) and
concentrated. The residue was passed through a short
silica gel plug (eluent: Hexane/EtOAc 4:1 1:1 ) to
give the desired amide 14 (335 g, 1.01 mol, 82%) as an
oil. 14: 1HNMR (CDCI3, 400 MHz) d = 7.47 (s, 1H), 7.40
(d, J = 4.0 Hz, 1H), 6.86 (d, J = 4.0 Hz, 1H), 4.26
(d, J = 9.6 Hz, 1H), 3.90-4.08 (m, 4H), 2.60 (m, 1H),
2.38 (m, 1H), 1.96 (m, 1H), 0.90 (d, 4.04 (m, J = 6.8
Hz, 6H); 13CNMR (CDCI3, 100 MHz) d = 172.1 , 163.5, 16
1 .6, 136.7, 136.0, 128.3, 127.1 , 76.2, 72.0, 67.9,
66.0, 60.5, 37.4, 27.7, 19.0; ESI-MS: m/z 332 [M+H]+,
685 [2M+Na] +.Preparation of
(S)-3-[(5-Chloro-thiophene-2-carbonyl)-amino]-tetrahyd
rofuran- 3-carboxylic acid isobutyl ester (15): To a
0.1 M phosphate buffer solution (pH = 6.7, NaH2PO4
H2O: 100.5 g, Na2HPO4: 80.8 g, H2O: 6.55 L) at rt was
added Alcalase (564 ml_, > 0.75U/ml_, 2 U/mol) and
racemic ester 14 (70 g, 0.21 1 mol) in acetone (3.275
L). The pH value of the resulting mixture was about
7.30. The mixture was stirred at rt until the ee of
the remaining ester reached 93% by chiral HPLC (about
30 h). EtOAc (2 L) was added and the aqueous layer was
further extracted with EtOAc ( 1 L). The combined
EtOAc layer was concentrated, passed through a silica
gel plug (hexane: EtOAc = 1:1) to give the optical
enriched ester 15 (28 g, 25%, 93% ee). Preparation of
(S)-3-[(5-Chloro-thiophene-2-carbonyl)-amino]-tetrahyd
rofuran- 3-carboxylic acid [(S)-7]: The optically
enriched ester 15 (43.5 g, 0.1 3 1 mol) was dissolved
in MeOH (400 mL). To the solution at 0 0C was added 1
N NaOH solution (400 mL) and theresulting mixture was
stirred at rt for 0.5 h. The mixture was then
concentrated to remove most of methanol. The resulting
aqueous solution was washed once with f-butyl methyl
ether (200 ml_), and then neutralized with 3 N HCI at
0 0C to pH = 1-2. The mixture was saturated by adding
solid NaCI and extracted with Me-THF (500 ml_). The
Me-THF layer was dried over Na2SO4 and concentrated to
give crude acid (S)-7 as a white solid. The solid was
then recrystallized three times from water (40 ml_ hot
water/ g) to give desired acid in 99.5% ee (21 g,
48%). (S)-7: 1HNMR (DMSO-D6, 400 MHz) d = 12.75 (s,
1H), 8.98 (s, 1H), 7.77 (d, J = 4.0 Hz, 1H), 7.21 (d,
J = 4.0 Hz, 1H), 4.1 2 (d, J = 9.3 Hz, 1H), 3.92 (d, J
= 9.3 Hz, 1H), 3.84 (t, J = 7.0 Hz, 2H), 2.35 (m, 2H).
Preparation of
rac-3-Amino-tetrahydro-furan-3-carboxylic acid butyl
ester (16): To a mixture of amino acid 1 (10 g, 76
mmol) and n-butanol ( 100 ml_) at 0 0C was added SOCI2
( 18.2 g, 153 mmol, 2 equiv.) over 10 min. The mixture
was heated to 110 0C over 10 min and stirred at the
temperature for 4 h. After cooled to rt, the mixture
was concentrated to remove n-butanol and Me-THF (100
ml_) was added. To the mixture was carefully added
sat. NaHCO3 ( 100 ml_) and the resulting mixture was
stirred at rt for 30 min. The organic layer was
separated and the aqueous layer was washed with Me-THF
(50 ml_). The combined organic phase was washed with
3% NaCI solution (50 ml_) and concentrated to give the
crude butyl ester 16 as an oil (14.3 g,
99.4%).Preparation of
(SJ-S-Amino-tetrahydro-furan-S-carboxylic acid butyl
ester (S)-mandelic acid (17): Butyl ester ( 16, 10 g,
0.053 mol) and 50 ml_ of MeCN was dissolved in a 250
ml_ reactor. (S)-Mandelic acid (4.88 g, 0.032 mol, 0.6
equiv) was added followed by addition of another 60
ml_ of MeCN. The mixture was heated to 70 0C and the
clear solution was then cooled to 20 0C over 12 h and
kept at 20 0C for 1 h. The slurry was filtered and the
mother liquid was recharged back to the reactor for
wash. The cake was washed with MTBE (20 ml_ x 2) and
dried under vacuum to give 7.8 g of salt with 90% de
(43%). 7.5 g of the salt (90% de) was charged into a
250 ml_ reactor followed by MeCN (90 ml_) and H2O (0.9
ml_). The mixture was heated to 70 0C and the clear
solution was then cooled to 0 0C over 12 h and kept at
0 0C for 1 h. The slurry was filtered and the wet cake
was washed with cold MTBE (20 ml_ x 2, 0-5 0C) and
dried under vacuum to give 17 



as white crystal (6.5 g, 99.0% ee, 87%). o OBu
.-VNHBoc Preparation of
(S)-3-tert-Butoxycarbonylamino-tetrahydro-furan-3-
carboxylic acid butyl ester (18):SaIt 17 (33.9 g, 100
mmol) was dissolved in Me-THF ( 150 ml_) and H2O ( 150
ml_). To the mixture at rt was added solid NaHCO3 (
12.6 g, 150 mmol) portion wise and the mixture was
stirred at rt until no gas was generated. The organic
phases were separated and the aqueous layer was washed
with Me-THF (50 ml_). The combined Me-THF was washed
with 3% NaCI ( 100 ml_) and concentrated to 100 ml_.
To the mixture was added BoC O (21 .8 g, 10 mmol) in
one portion. The mixture was heated to 50 0C and
stirred at the temperature for 2 h. After cooled to
rt, the mixture was washed with sat. NaHCOs (I OO ml_)
and brine ( 100 ml_) and concentrated to give crude 18
as an oil (27.3 g, 95%), Preparation of
[(S)-3-(3-Methyl-2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-
ylcarbamoyO-tetrahydro-furan-S-yll-carbamic acid
tert-butyl ester (19): To a solution of 18 (6.1 g,
34.8 mmol) and 3-Methyl-2,3,4,5-tetrahydro-1 Hbenzo[
d]azepin-7-ylamine ( 10 g, 34.8 mmol) in THF ( 100
ml_) at - 10 C was added dropwise LHMDS (87 ml_, 1.0 M
in THF, 2.5 equiv.) over 10 min. The mixture was
warmed up to 0 0C over 1 h and monitored by HPLC
analysis. Sat. NH4CI (50 mL) was added at ~0 C to
quench the reaction and the mixture was further
diluted with EtOAc (100 mL). The aqueous layer was
separated and extracted once with EtOAc (50 mL). The
combined organic phase was washed with brine (50 mL)
and concentrated. The light yellow solid was
recrystallizedfrom IPA (85 ml_) at 0 0C to give 19 as
a white solid ( 11.5 g, 85%, 98.3 A% purity).
Preparation of
(SJ-S-Amino-tetrahydro-furan-S-carboxylic acid
(3-methyl- 2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)-amide hydrogen chloride (20):
To a solution of 19 (2.00 g) in MeOH ( 10 ml_) was
added HCI /MeOH(~9N, 10 ml_) at ambient temperature.
The resulting clear solution was stirred at ambient
temperature for 1 h and then concentrated to give a
white solid. MeOH (5 ml_) and MTBE (30 ml_) were added
and the slurry was stirred at room temp for 0.5 h. The
slurry was filtered, washed with MTBE (5 ml_) and
dried under reduced pressure to give salt 20 as a
white solid ( 1 .8 g, 96%, >99% purity). Preparation
of (S)-3-amino-tetrahydrofuran-3-carboxylic acid
n-butyl ester via chemical resolution with L-mandelic
acid42%, 86% de S-Aminotetrahydro-furan-S-carboxylic
acid (75 g, 0.572 mol) and 750 ml_ nbutanol are
combined into a 2 L reaction flask. The resulting
suspension is cooled while stirring to about 3 0C.
SOCI2 ( 13 1 .6 g, 1.144 mol) is added cautiously over
25 min to the stirred suspension (exothermic). After
addition is complete, the resulting mixture is heated
to 110 0C over 1h. HCI gas is generated during the
course of heating and the generation of gas is
vigorous when the temperature approaches over 100 0C.
The reaction mixture is stirred 110 0C for 4 h. When
the reaction is complete, as indicated by LC/MS, the
mixture is cooled to -70 0C. The reaction mixture is
distilled to a minimum volume (~ 200 ml_) while
controlling the temperature at 70-75 0C at 95-1 00
mbar. About 460 g solvents/SOCb is collected. The
concentrated reaction mixture is cooled to room
temperature and 2-methyl-tetrahydrofuran (Me-THF )(600
ml_) is added. 8% NaHCOs (750 ml_) is added
cautiously, in portions, while vigorously stirring.
CO2 is generated over the course of the addition. The
resulting mixture is stirred for 15 min and then the
phases are allowed to stand for 15 min. The phases are
separated and then the aqueous phase is stirred with
an additional 400 ml_ of Me-THF 15 min. After standing
for 15 min, the organic layer is separated and
combined with the first organic extract. 3% NaCI (375
ml_ ) is added to the combined organic extracts and
the mixture is stirred the mixture for15 min and then
allowed to stand for 15 min. The aqueous layer (~1
055g) is removed. The organic solution is distilled to
a minimum volume (~ 250 ml_). MeCN ( 1000 ml_ ) is
added in one portion and the resulting solution is
distilled to a minimum volume (~ 250 ml_). About 80Og
solvents were collected. NMR assay of the concentrated
product indicated 94.0 g of the desired racemic nbutyl
ester was obtained (88%). Chemical Resolution MeCN ( 1
125 ml_) is added to the concentrated racemic n-butyl
ester. A GC analysis should be conducted at this stage
and the content of Me-THF should be controlled to be <
5%. If the amount of Me-THF is >5%, the distillation
of solvent and addition of 1125 ml_ of MeCN should be
repeated. L-Mandelic Acid (60.9 g, 0.4 mol) is added
to the ester solution in one portion while stirring
resulting in the formation of white solids. The
mixture is heated to 70 0C and held at that
temperature for 30 min, resulting in a clear solution.
The solution is cooled to 20 0C over 12 h and then
held at 20 0C for 1 h. The resulting slurry is
filtered. The mother liquid is added back to the
reaction flask to wash the flask. The filter cake is
washed twice with MTBE (200 ml_ X 2) and the resulting
solid is dried at -50 0C under house vacuum for 3 h.
(S)-3-Aminotetrahydrofuran- 3-carboxylic acid n-butyl
ester L-mandelic acid salt (82.0 g, 42%) is obtained
as a white solid in 86 % de. Enrichment Procedure The
86% de ester (82 g) is placed in a 2 L flask, under N2
and suspended in 980 ml_ of CH3CN, and 19.7 ml_ of
water. The mixture is heated to about 70 0C todissolve
the salt, resulting in a clear solution. The solution
is held at 70 0C for 30 min and then cooled 20 0C to
23 0C over 12 h. The resulting slurry is filtered and
the wet filter cake is washed twice with 150 ml_ of
MTBE. The product is dried at 50 0C under reduced
pressure resulting in 66 g (81 % yield) of (S)-3-
annino-tetrahydrofuran-3-carboxylic acid n-butyl ester
L-mandelic acid salt in 99% de. Preparation of
(S)-3-amino-tetrahydrofuran-3-carboxylic acid n-butyl
ester via chemical resolution with L-mandelic acid To
a solution of dihydrofuran-3-one ( 10.0 g, 116.2 mmol)
in MeOH (50 ml_) was added a solution of 7 N NH3/MeOH
(33 ml_) at ambient temperature. The mixture was
cooled to 0 C and 7.66 g of AcOH was added over 5 min
while maintaining the temperature below 25 C. The
mixture was stirred at ambient temperature for 10 min
and 5.64 g of NaCN was added in one portion. The
mixture was heated to 50 C, stirred for 2 h and then
concentrated to remove the MeOH and ammonia. EtOAc (40
ml_) was added to the concentrated mixture and then
stirred for 15 min. The slurry was filtered and the
wet cake was washed twice with 20 ml_ EtOAc. The
combined filtrates, containing the 



desired S-amino-tetrahydrofuran-S-carbonitrile, were
concentrated and to the residue was added 20 ml_ of
n-BuOH. The resulting mixture was cooled to 0 Cand
then 100 ml_ of 5.5 N HCI in n-BuOH was added. The
resulting mixture was stirred at ambient temperature
for 12 h. The mixture was cooled to 0 C and 20 ml_
water was added. The mixture was then concentrated to
remove most of the n-BuOH. Saturated NaHCO3 was added
to the residue to pH>7 and the resulting mixture was
extracted twice with 200 ml_ of
2-methyltetrahydrofuran. The organic extracts were
washed once with brine (80 ml_) and then concentrated
to give 18.3 g of the title compound (85% overall
yield). 1H NMR (CDCI3, ppm): 2.02 (s, 2H), 2.09-2.15
(m, 1H), 2.43-2.50 (m , 1 H), 3.75-3.78 (d, J=9.04,
1H), 3.98-4.08 (m, 3H). 13C NMR (CDCI3, ppm) 40.80,
54.03, 67.51 , 78.72, 122.63. Chemical Resolution MeCN
( 1 125 ml_) is added to the concentrated racemic
n-butyl ester. A GC analysis should be conducted at
this stage and the content of Me-THF should be
controlled to be < 5%. If the amount of Me-THF is >5%,
the distillation of solvent and addition of 1125 ml_
of MeCN should be repeated. L-Mandelic Acid (60.9 g,
0.4 mol) is added to the ester solution in one portion
while stirring resulting in the formation of white
solids. The mixture is heated to 70 0C and held at
that temperature for 30 min, resulting in a clear
solution. The solution is cooled to 20 0C over 12 h
and then held at 20 0C for 1 h. The resulting slurry
is filtered. The mother liquid is added back to the
reaction flask to wash the flask. The filter cake is
washed twice with MTBE (200 ml_ X 2) and the resulting
solid is dried at -50 C under house vacuum for 3 h.
(S)-3-Aminotetrahydrofuran- 3-carboxylic acid n-butyl
ester L-mandelic acid salt (82.0 g, 42%) is obtained
as a white solid in 86 % de.Enrichment Procedure The
86% de ester (82 g) is placed in a 2 L flask, under N2
and suspended in 980 ml_ Of CH3CN, and 19.7 ml_ of
water. The mixture is heated to about 70 0C to
dissolve the salt, resulting in a clear solution. The
solution is held at 70 0C for 30 min and then cooled
20 0C to 23 0C over 12 h. The resulting slurry is
filtered and the wet filter cake is washed twice with
150 ml_ of MTBE. The product is dried at 50 0C under
reduced pressure resulting in 66 g (81 % yield) of
(S)-3- amino-tetrahydrofuran-3-carboxylic acid n-butyl
ester L-mandelic acid salt in 99% de. Alternatively,
various alcohols (ROH) are used in as shown in the
Table below.Preparation of
(S)-3-[(5-Chloro-thiophene-2-carbonyl)-amino]-tetrahyd
rofuran- 3-carboxylic acid
((S)-3,5-dimethyl-2,3,4,5-tetrahydro-1 H-3-
benzazepin-7-yl)-amide Resolution of (RS)-I to prepare
(S)-1:To a 2 L jacked-flask with condenser and
mechanical stirrer was charged crude (RS)-I (84 g),
nPrOH (840 ml_), and D-DTTA ( 122 g). The mixture was
heated to 60 C and then water (252 ml_) was added. The
mixture was then heated to reflux to become a clear
solution. After stirring at reflux for ~ 0.5 h, the
mixture was cooled to ambient temperature over 2 h,
and further cooled to 0 C over 0.5 h and kept at 0 0C
for 1h. The slurry was filtered and washed with cold
solvent to give the salt ( 10 1 g) in 39% yield and
95% de. The salt was then recrystallized from
nPrOH/water (800mL/200mL) to give the (S)-1 (95 g) in
>99% de and 37% overall yield. Preparation of 4 from 2
: To a 2 L reaction was charged
2-(4-nitrophenyl)ethanol 2 ( 150 g, 0.882 mol),
dichlormethane ( 1 L) and methanesulfonyl chloride
(75.8 ml_, 0.971 mol, 1.1 eq) at 20-25 0C. The mixture
was cooled to - 10 0C, and then triethylamine ( 107 g,
1.06 mol, 1.2 eq) was added slowly over 2 h while
maintaining the internal temperature < 5 0C. The
mixture was then warmed to 25 0 C and stirred at this
temperature for 1.5 h. Additional MsCI (4 ml_, 0.05
eq) was added in one portion. The mixture was further
stirred at 20-25 0C for 1 h. 1 N HCI (800 ml_) was
added and the mixture was stirred at 20-25 0C for 10
min. The organic layer was separated and the aqueous
layer was discarded. The organic phase was washed with
5% NaCI solution (500 ml_) and concentrated to about
800 ml_. To the solution was charged methanesulfonic
acid (285 ml_, 4.41 mol, 5 eq) in one portion,
followed by addition of 1,3-dibromo-5,5-hydantoin (151
g, 0.53 mol, 0.6 eq) in several portions over 5 min.
The mixture was stirred at 25-32 0C for 2 h.
Additional 1,3-dibromo-5,5-hydantoin (25 g, 0.09 mol,
0.1 eq) wasadded and the mixture was further stirred
at 25-30 0C for 4 h. The reaction mixture was cooled
to 0 0C and water (800 ml_) was cautiously added over
30 min while controlling the temperature < 35 0C. The
organic phase was separated and washed sequentially
with 10% Na2S2O3 (500 ml_), 3% NaHCO 3 (500 ml_), 5%
NaCI (500 ml_), and concentrated to give crude 4 as an
oil, which was directly used in the next step.
Preparation of 5 via amination: To a solution of TEA (
180 ml_) and methylallylamine (96.5 g) in DMF (250
ml_) at 5 0C was added dropwise a solution of crude 4
in DMF (200 ml_) over 1 h while controlling the
reaction temperature < 15 0C. The mixture was kept
stirring at 15-1 8 0C for 2 h, then quenched with 3%
NaHCO 3 ( 1 L) and EtOAc ( 1 L). The organic phase was
separated and the aqueous phase was further extracted
once with EtOAc (500 mL). The combined organic phase
was washed with brine, concentrated to about 1 L, and
cooled to 0-5 0C. HCI (-64.8 g) gas was bubbled
through the solution to form a slurry. The slurry was
filtered and the wet cake was washed with EtOAc (200
mL), dried at 20-25 0C with house vacuum over 12 h to
give the desired HCL salt of 5 as a white solid (241
g, 0.75 mol, 85% overall yield from 2). 1HNMR (400
MHz, CDCI3) d 8.40 (d, J = 2.3 Hz, 1H), 8.1 0 (dd, J =
8.4, 2.3 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 5.83 (m,
1H), 5.1 7 (m, 2H), 3.09 (d, J = 6.4 Hz, 2H), 3.01 (m,
2H), 2.65 (m, 2H), 2.34 (s, 3H) Synthesis of compound
6 via a Heck reaction: To a 2 L 3-necked flask
equipped with mechanical stirrer and thermometer at
room temperature was charged aryl amine (85 g, 256
mmol), dioxane (640 mL)and triethylamine (52 g, 5 11
mol, 2 eqiuv.) under argon. The mixture was degassed
with argon for 15 min then Pd2dba3 ( 1 1.7 g) and
PtBu3.HBF4 (7.4 g) were added under argon. The whole
mixture was further degassed at room temperature for 5
min, and then heated to 100 0C and stirred at this
temperature under argon for 1.5 h. The mixture was
cooled to ~ 50 0C and distilled under house vacuum to
remove most of dioxane, and then EtOAc (0.8 L) and 3%
NaHCO3 (0.5 L) solution were added. The mixture was
filtered through a pad of diatomaceous earth to remove
some precipitated palladium species. The organic phase
was separated and the aqueous phase was extracted once
with EtOAc. The combined organic phase was washed with
brine (0.4 L) and concentrated to about 0.5 L. 5-6 M
HCI in IPA (56 ml_) was added at 0 0C and 



the resulting slurry was filtered. The wet cake was
washed and dried to give the HCL salt of 6 as a
yellowish solid (66 g, 84% yield, 94% purity). 1HNMR
(400 MHz, CDCI3) d 8.1 0 (d, J = 2.4 Hz, 1H), 8.03
(dd, J = 8.2, 2.4 Hz, 1H), 7.24 (d, J = 8.3 Hz, 1H),
5.37 (d, J = 1.1 Hz, 1H), 5.35 (d, J = 1.0 Hz, 1H),
3.34 (s, 2H), 2.98 (m, 2H), 2.81 (m, 2H), 2.43 (s,
3H). Preparation of 9 by using CDI as coupling
reagent: To a suspension of
-chloro-thiophenecarboxylic acid (25.7 g) in 100 mL of
EtOAc was added CDI (24. 85 g) in one portion at 20-25
0C over 10 min while gas was generated vigorously. The
mixture was heated to reflux for 30 min and then
cooled to room temperature. DMAP ( 1 .44 g) was added
followed by the amino acid butyl ester 8 (22 g) in
EtOAc ( 150 mL) in one portion. The mixture was reflux
for 20 h and cooled to 0-5 0C. 3 N HCI ( 150 mL) was
added and the resulting mixture was stirred at room
temperature for 10 min.The organic phasewas separated,
washed with 5% NaHCO3 ( 150 ml_) and 5% NaCI solution
(50 ml_). The organic phase was concentrated to ~ 50
ml_ and MeOH ( 150 ml_) was added. The mixture was
further concentrated to ~ 100 ml_. To the above
solution was added 2 N NaOH (90 ml_, 1.5 equiv) and
the mixture was stirred at room temperature for 2 h.
The mixture was distilled to remove most of the MeOH
and then cooled to 0 0C. 12 N HCI (-20 ml_) was added
dropwise to adjust the pH to 1~ 2 while maintaining
the internal temperature <30 0C. The resulting mixture
was extracted with Me-THF (200 ml_), The organic layer
was separated, washed with 5% NaCI (150 ml_), and
concentrated to - 100 ml_. To the residue was added
heptane ( 100 ml_) to form a slurry, which was
filtered to give the desired product 9 (31 .3 g, 96%
yield, >98% purity) as a white solid. Preparation
of(S)-1 via asymmetric Hydrogenation of 6H CI:
[Rh(COD)CI] 2 (4.9 mg, 0.01 mmol) and Walphos ( 13.1 6
mg, 0.02 mmol) were stirred in 2 ml_ degassed MeOH at
for 10 min before being transferred to a solution of
compound 6 ( 127 mg, 0.5 mmol) in MeOH (2 ml_). The
mixture was stirred at room temperature under 100 psi
H2 for 12 h. HPLC showed complete reduction of the
double bond. To the mixture was added 10% Pd/C (10
mg). The mixture was further stirred at room
temperature under 100 psi H2 for 2 h, then filtered,
and concentrated to give pure compound (S)-1 . Chiral
HPLC showed 79% ee. Preparation of 10:Carboxylic acid
9 (3.04 g, 11.0 mmol, 1.05 eq) was dissolved in dry
THF (50 ml_) at room temperature followed by
sequential addition of TEA (5.1 1 ml_, 36.8 mmol, 3.5
eq) and propylphosphonic acid anhydride in EtOAc (50%
w/w, , 7.0 g, 6.48 ml_, 11.0 mmol, 1.05 eq). The
mixture was stirred at room temperature for 10 min. To
the mixture was added aniline (S)-1 (2.0 g, 10.5 mmol,
1.0 eq) in THF ( 10 ml_) at room temperature. The
resulting mixture was stirred at reflux for 2 h. LC
showed 88 A% conversion of product along with 12%
mixed anhydride. The mixture was quenched by adding 40
ml_ saturated NaHCO3 solution and then was
concentrated to remove most of THF. To the residue was
added Me- THF (40 ml_). The organic phase was
separated and the aqueous layer was further washed
with Me-THF (20 ml_). The combined Me-THF extracts
were washed with brined, dried over Na2SO4,
concentrated, and purified by column chromatography
(EtOAc/EtOH/Et 3N = 2:1 :0.06) to give the desired
product 10 (4.1 3 g, 9.2 mmol, 83%) as a white solid.
1HNMR (400 MHz, CCI3) d 8.41 (s, 1H), 7.42 (s, 1H),
7.35 (d, J = 4.0 Hz, 1H), 7.27-7.33 (m, 2H), 7.06 (d,
J = 8.0 Hz, 1H), 6.91 (d, J = 4.0 Hz, 1H), 4.34 (d, J
= 9.4 Hz, 1H), 4.1 9-4.31 (m, 2H), 4.1 5 (d, J = 9.4
Hz, 1H), 3.1 9 (br, 1H), 3.03 (br, 1H), 2.75-2.95 (m,
3H), 2.71 (d, J = 12.3 Hz, 1H), 2.48 (m, 1H), 2.37 (s,
3H), 2.20-2.33 (br, 2H), 1.38 (d, J = 7.2 Hz, 3H);
13CNMR ( 100 MHz, CCI3) d 18.5, 35.4, 35.9, 47.6,
57.3, 64.3, 65.1 , 68.1 , 72.6, 117.7, 127.2, 127.7,
129.9, 135.7, 136.1 , 137.4, 138.0, 146.2, 160.6, 17
1.7; ESI MS: 448 [M+H]. Preparation of
(S)-3,5-Dimethyl-2,3,4,5-tetrahydro-1
H-3-benzazepin-7- ylamineL-mandelic acid Preparation
of 11 and 12: To a solution of 4 ( 120 g, 370 mmol) in
dry DMF (750 ml_) at ambient temperature is added
allylamine (127 g, 2220 mmol). The reaction mixture is
stirred at room temperature for 1 h. HPLC showed
completion of the reaction. EtOAc (500 ml_) and water
(500 ml_) were added to the reaction mixture. The
organic layer was separated and the aqueous layer was
extracted with EtOAc (200 ml_). The combined organic
layer was washed with brine (2x250 ml_) and
concentrated to give the desired product 11 ( 103 g)
in 97% yield. To a solution of 11 in CH2CI2 ( 1 L) at
0 0C was added TEA (2 eq) and TFAA ( 1 .2 eq) over 0.5
h. The mixture was allowed to warm to room temperature
and was stirred for 3 h. Water (0.5 L) was added to
quench the reaction and the resulting mixture was
further stirred at room temperature for 10 min. The
organic layer was separated and the aqueous layer was
extracted with CH2CI2 (200 mL). The combined CH2CI2
was washed with water (0.5 L), brine (0.5 L), then
concentrated to give the desired product as a brown
solid (95% yield). 1HNMR(400 MHz, CDCI 3) d 8.45 (m,
1H), 8.14 (m, 1H), [7.44 (d, J = 8.4 Hz, major); 7.40
(d, J = 8.4 Hz, minor); 1H], [5.82 (m, minor), 5.68
(m, major); 1H], 5.20- 5.32 (m, 2H), 3.92 (d, J = 5.5
Hz, 1H), 3.62 (t, J = 7.8 Hz, 2H), 3.1 8 (m, 2H).
Preparation of 13: To a mixture of aryl bromide 12
(2.6 g, 6.82 mmol, 1.0 eq), Pd2dba3 (250 mg, 0.273
mmol, 0.04 eq), and /V-methyldicyclohexylamine (2.00
g, 10.23 mmol, 1.5 eq) in anhydrous dioxane (60 ml_,
0.1 M) under argon was added 10% (w/w) t- BU3P in
hexane ( 1 .62 ml_, 0.55 mmol, 0.08 eq). The mixture
was stirred under argon at 80 0C for 2 h and then
cooled to room temperature, queched by adding water
(40 ml_) and EtOAc (40 ml_). The organic phase was
separated and the aqueous layer was washed once with
EtOAc (40 ml_). The combined EtOAc was washed with
water (40 ml_) and brine (40 ml_), dried over Na2SO4,
and purified by column chromatography to give 13 ( 1
.1 g, 3.77 mmol, 54%) as a yellow solid along with 5-1
0% 8-membered ring by-product (two atropisomers):
1HNMR (400 MHz, CDCI 3) 5 8.19 (m, 1H), 8.1 1 (m, 1H),
7.33 (m, 1H), 5.40-5.60 (m, 2H), 4.48 (d, J = 15.9 Hz,
2H), 3.89 (m, 2H), 3.1 5 (m, 2H); 13CNMR (100 MHz,
CDCI 3) d 33.1 , 35.22,44.8, 46.2, 47.7, 50.4, 50.7,
114.9, 117.7, 118.7, 120.5, 122.3, 123.1 , 123.4,
123.6, 123.7, 130.5, 130.6, 141 .0, 141 .4, 142.7,
143.2, 143.3, 143.9, 147.4. Preparation of 14: To a
300 ml_ autoclave was added Wilkinson catalyst
RhCI(PPh 3)3 ( 1 .78 g, 1.92 mmol, 0.04 eq) followed
by a solution of compound 18 ( 14.4 g, 48.0 mmol, 1.0 



eq) in THF ( 100 ml_). The mixture was stirred at room
temperature under 30-40psi H2 for 12 h. LC showed
completeconversion and no trace of over-reduced
by-product was observed. Note: Around 10% of
8-membered ring by-product, which was generated from
Heck reaction, was seen. The mixture was concentrated
and purified by column chromatography (hexane
hexane/EtOAc = 3/1 ) to give the desired hydrogenation
product as a white solid. To a solution of the
hydrogenation product in THF (80 ml_) at 0 0C was
added a solution of NaOH ( 1 .98 g, 49.6 mmol) in
water (20 ml_). The mixture was stirred at room
temperature for 2 h. LC showed completion of
hydrolysis. The mixture was concentrated and the
residue was treated with Me-THF (250 mL) and water
(100 mL). The Me-THF layer was separated and the
aqueous layer was washed with Me-THF (100 mL). The
combined Me-THF was washed with brine ( 100 mL), dried
over Na2SO4, and concentrated to give the crude
product (8.9 g, 43.2 mmol, 90% yield) as a yellow
solid. Preparation of 15: A mixture of racemic amine
14 (8.0 g, 38.8 mmol, 1 eq) and L-madelic acid (4.43
g, 29.1 mmol, 0.75 eq) in acetone (90 mL) and water (9
mL) was heated to reflux to become a transparent
solution. The mixture was cooled to 0 0C over 6 h
while stirring. The resulting slurry was filtered to
give enantiomehcally enriched salt with 58 % ee (7.0
g, 50.4 % yield). The salt was further crystallized
from ethanol-water for 5 consecutive times to give the
salt (2.5 g, 18 %) with 97.0 % ee. The salt was then
treated with 2 N NaOH (20 mL) and Me-THF (50 mL). The
Me-THF layer was separated and the aqueous layer was
extracted with Me-THF. The combined Me-THF layer was
washed with brine (20 mL),dried over Na2SO4, and
concentrated to give compound 15 as a yellow
crystalline solid ( 1 .44 g, 7.0 mmol, ee: 97.0%, 18%
yield). Preparation of 16 and (S)-1: The intermediate
15 ( 1 .44 g, 7.0 mmol) was dissolved in 10 ml_ of
HCOOH. To the mixture at room temperature was added
37% HCHO (0.81 g, 37% w/w, 10.5 mmol). The mixture was
stirred at 90 0C for 3 h, and concentrated to give a
yellow oily product. The residue was diluted with
Me-THF (50 ml_) and 2 N NaOH (20 ml_) and stirred at
room temperature for 10 min. The aqueous layer was
further washed with Me-THF and the combined Me-THF was
washed with brine and concentrated to give methylated
compound 16. The above residue ( 1 .8 g, 8.2 mmol,
98.2% ee) was dissolved in MeOH (20 ml_) and 10% Pd/C
(200 mg) was added. The mixture was stirred at room
temperature under 100 psi H2 for 12 h, filtered to
remove Pd/C, and concentrated. The residue was
purified by column chromatography [EtOAc(Et 3N 0.06
v/v)/ MeOH = 100/0 50/50 as eluent) to give the
aniline compound (S)-1 ( 1 .57 g, 8.2 mmol, 100%,
98.2% ee, 98.5A% HPLC purity) as a brown oil. 1HNMR
(400 MHz, CD3OD) d 6.82 (d, J = 7.9 Hz, 1H), 6.61 (s,
1H), 6.49 (dd, J = 7.8, 2.2 Hz, 1H), 3.07 (m, 1H),
2.93 (m, 1H), 2.60-2.85 (m, 3H), 2.30 (s, 3H), 2.1 8
(br, 2H), 1.32 (d, J = 7.3 Hz, 3H); 13CNMR ( 100 MHz,
CD3OD) d 19.2, 35.6, 47.9, 59.2, 66.0, 114.4, 114.6,
13 1.0, 132.3, 146.9, 147.0; ESI MS: 19 1 [M+H].
Preparation of (S)-3,5-Dimethyl-2,3,4,5-tetrahydro-1
H-3-benzazepin-7- ylamineresolution Preparation of 17:
To a solution of olefin 6 (200 mg, 0.92 mmol) in THF
(2 ml_) was added RhCI(PPh3)3 (34 mg, 0.037 mmol, 0.04
eq). The mixture was stirred at room temperature under
30-40 psi H2 for 12 h, then concentrated and purified
by column chromatography to give the desired amine 17
as a thick oil. 17: 1HNMR (400 MHz, CDCI3) d 8.05 (d,
J = 2.2 Hz, 1H), 8.00 (dd, J = 8.2, 2.3 Hz, 1H), 7.24
(d, J = 8.2 Hz, 1H), 3.29 (m, 1H), 3.22 (m, 1H),
2.80-3.1 0 (m, 2H), 2.89 (d, J = 12.3 Hz, 1H), 2.37
(s, 3H), 2.1 5-2.30 (m, 2H), 1.44 (d, J = 7.2 Hz, 3H).
Preparation of 18: Same procedure was used for the
resolution of (RS)-I by using DTTA. C) Examples:
Example 1 (R)- and
(S)-3-[(5-bromo-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-2,3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide(a) 7-nitro-2,3,4,5-tetrahydro-1
H-benzo[c/][azepine 8.4 g (29.0 mmol)
3-trifluoroacetyl-7-nitro-2,3,4,5-tetrahydro-1 Hbenzo[
c/]azepine are suspended under a nitrogen atmosphere
in 80 ml of methanol and combined with 5 ml NaOH
solution ( 50%) and stirred for 2 h at 70 C. The
methanol is distilled off using the rotary evaporator,
the residue is combined with water and extracted with
te/t-butylethylether. The organic phase is washed with
NaOH solution (50%) and sat. sodium chloride solution,
dried on sodium sulphate and evaporated to dryness i .
vac. Yield: 5.1 g (91 %) Rf value: 0.28 (aluminium
oxide; dichloromethane/ethanol = 95:5) C10H12N2O2 (
192.22) Mass spectrum: (M+H)+ = 193 (b)
3-methyl-7-nitro-2,3,4,5-tetrahydro-1
H-benzo[c/]azepine 5.0 g (26.0 mmol)
7-nitro-2,3,4,5-tetrahydro-1/-/-benzo[c/][azepine are
mixed in 9.8 ml formic acid with 15.5 ml formalin
solution in water (37%) at room temperature, and
stirred overnight at 70 C. The reaction mixture is
made alkaline with NaOH solution (50%) while cooling
with an ice bath and extractedwith
te/t.-butylmethylether. The organic phase is dried on
sodium sulphate and evaporated to dryness i . vac.
Yield: 4.8 g (90%) Rf value: 0.65 (aluminium oxide;
dichloromethane/ethanol = 95:5) CnHi 4N2O2 (206.24)
Mass spectrum: (M+H)+ = 207 (c)
3-methyl-2,3,4,5-tetrahydro-1
H-benzo[c/]azepin-7-ylamine 4.8 g (23.2 mmol)
3-methyl-7-nitro-2,3,4,5-tetrahydro-1
H-benzo[c/]azepine are dissolved in 45 ml of methanol
and combined with 400 mg Pd/C 10%. The mixture is
hydrogenated in a Parr apparatus at room temperature
at 3 bar hydrogen pressure for 5 hours. Then the
catalyst is filtered off and the filtrate is
evaporated down i . vac. Yield: 3.9 g (96 %) Rf value:
0.36 (aluminium oxide; dichloromethane/ethanol = 98:2)
CnHi 6N2 ( 176.26) Mass spectrum: (M+H)+ = 177 (d)
S-amino-tetrahydro-furan-S-carboxylic
acid-hydrochloride 3.5 g ( 15.1 mmol)
S-terf.-butoxycarbonylamino-tetrahydro-furan-S-carboxy
lic 



acid are dissolved in 150 ml of 1-molar hydrochloric
acid and stirred for 1 h at room temperature. Then the
reaction mixture is lyophilised. Yield: 2.5 g ( 100
%)C5H9NO3 * HCI ( 167.59) Mass spectrum: (M+H)+ = 132
(e)
3-[(5-bronno-thiophen-2-yl)-carbonylannino]-tetrahydro
-furan-3-carboxylic acid 3.1 g (14.9 mmol)
-bromo-thiophene^-carboxylic acid in 50 ml
dichloromethane are combined with 5.4 ml (74.6 mmol)
thionyl chloride with stirring at room temperature and
stirred for 3.5 h at reflux temperature. Then the
reaction mixture is evaporated to dryness. 2.5 g (14.9
mmol) 3-amino-tetrahydro-furan-3-carboxylic
acid-hydrochloride are dissolved in 2.0 ml (14.9 mmol)
TEA and 150 ml acetonitrile and combined with 5.9 ml
(22.4 mmol)
L/,O-bis-(thmethylsilyl)-thfluoro-acetamide with
stirring and refluxed for 4 h with stirring. The
reaction mixture is combined with 4.1 ml (29.8 mmol)
TEA and the solution of the prepared acid chloride in
50 ml acetonitrile, stirred for 15 min at reflux
temperature and then cooled slowly to room
temperature. Then the mixture is evaporated to dryness
i . vac, the residue is combined with water and
2-molar sodium carbonate solution and washed with
diethyl ether. The aqueous phase is adjusted to pH 1
with 20 ml cone. hydrochloric acid, the precipitate is
suction filtered and dried at 50 C in the vacuum
drying cupboard. Yield: 3.6 g (75 %) CioHi 0BrNO4S
(320.1 6) Mass spectrum: (M-H) = 3 18/320 (bromine
isotopes)(f)
3-[(5-bromo-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-2,3,4,5- tetrahydro-1
H-benzotc/lazepin^-ylJ-tetrahydrofuran-S-carboxylic
acid amide 700.0 mg (2.19 mmol)
3-[(5-bromo-thiophen-2-yl)-carbonylamino]-tetrahydrofu
ran- 3-carboxylic acid are combined with 890.0 mg
(2.34 mmol) HATU and 601 .0 ml (5.47 mmol) NMM in 10
ml DMF with stirring at room temperature and stirred
for 10 min. Then 385.0 mg (2.19 mmol)
3-methyl-2,3,4,5-tetrahydro-1 /-/-
benzo[c/]azepin-7-ylamine are added and the mixture is
stirred overnight at 65C. The reaction mixture is
combined with water and sat. sodium hydrogen carbonate
solution, the precipitate is filtered off and purified
by chromatography on aluminium oxide (eluant:
dichloromethane/ethanol 100:0 to 98:2). Yield: 850.0
mg (81 %) Rf value: 0.62 (aluminium oxide;
dichloromethane/ethanol = 95:5) C2IH24BrN3O3S (478.40)
Mass spectrum: (M+H)+ = 478/480 (bromine isotopes) For
separation of the racemic mixture into its respective
enantiomers, a conventional HPLC system with DAICEL
AD-H 250mm x 4,6mm chiral column has been used,
eluting with (0,2% Diethylamine in Hexane)/
isopropanol 70/30 as liquid phase. At a flow rate of
1ml/min, retention times for the enantiomers are 13.6
min and 16.4 min. Example 2 (R)- and
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-2,3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide(a) benzyl
3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahydro-
furan-3- carboxylate 1.59 g (9.8 mmol)
-chloro-thiophene^-carboxylic acid is dissolved in 30
ml DMF and stirred with 3.61 g ( 10.7 mmol) benzyl
3-amino-tetrahydro-furan-3- carboxylate and 3.46 g (
10.8 mmol) TBTU and 4.3 ml (39 mmol) NMM at room
temperature for 20 h. Then the mixture is evaporated
down and purified by chromatography on silica gel
(eluant: dichloromethane/ethanol 100:0 to 94:6).
Yield: quantitative Rf value: 0.59 (silica gel;
dichloromethane/ethanol = 9:1 ) Ci7Hi6CINO4S (365.83)
Mass spectrum: (M+H)+ = 366/368 (chlorine isotopes)
(b)
3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahydro-
furan-3-carboxylic acid 3.6 g (9.8 mmol) benzyl
3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahydrof
uran- 3-carboxylate are dissolved in 60 ml of ethanol
and combined with 39.1 ml (39.1 mmol) 1-molar aqueous
sodium hydroxide solution and stirred for 6 h at room
temperature. After evaporation i . vac. the residue is
combined with 1-molar aqueous hydrochloric acid while
cooling with an ice bath, the precipitate is suction
filtered and dried at 60 C in the vacuum drying
cupboard. Yield: 2.5 g (91 %) Rf value: 0.1 3 (silica
gel; dichloromethane/ethanol 9:1 ) CioHioCINO4S
(275.71 ) Mass spectrum: (M-H) = 274/276 (chlorine
isotopes) (c)
3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-2, 3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide Prepared analogously to Example 2(a) from
3-[(5-chloro-thiophen-2-yl)-
carbonylamino]-tetrahydro-furan-3-carboxylic acid and
3-methyl-2, 3,4,5- tetrahydro-1
H-benzo[c/]azepin-7-ylamine with TBTU and TEA in THF
at room temperature with subsequent purification by
chromatography with aluminium oxide (eluant:
dichloromethane/ethanol 100:0 to 97:3). Yield: 67 % Rf
value: 0.63 (aluminium oxide; dichloromethane/ethanol
= 95:5) C2IH24CIN3O3S (433.95) Mass spectrum: (M+H)+ =
434/436 (chlorine isotopes) For separation of the
racemic mixture into its respective enantiomers, a
conventional analytical HPLC system with DAICEL IA
250mm x 4,6mm chiral column has been used, eluting
with EtOH as liquid phase. At a flow rate of
0,5ml/min, retention times for the enantiomers are
13,1 0 min and 16,30 min.Alternatively, for separation
of the racemic mixture into its respective
enantiomers, a conventional HPLC system with DAICEL
AD-H 250mm x 4,6mm chiral column has been used,
eluting with (0,2% Cyclohexylamine in Hexane)/
isopropanol 70/30 as liquid phase. At a flow rate of I
ml/min, retention times for the enantiomers are 12.8
min and 15.2 min. d)
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
L/-(3-methyl-2,3,4,5- tetrahydro-1
H-benzotc/Jazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid amide was also prepared according to the
following procedure: To a mixture of 1.08 g (6.13
mmol) 7 and 1.86 g (6.75 mmol) 3-methyl-2,3,4,5-
tetrahydro-1 H-benzo[c/]azepin-7-ylamine in 50 ml THF,
was added 2.98 ml TEA and 4.7 ml 1-propylphosphonic
acid cyclic anhydride (50% in EtOAc). The 



mixture was refluxed for 2 h, the solvents were
removed i.vac. and the crude mixture was purified by
chromatography (Method A) to yield the title compound
in 89%. or to the following procedure: To a solution
of -chloro-thiophene^-carboxylic acid in MeCN (0.1 g,
0.61 5 mmol) was added TsCI (0.1 06g, 0.554 mmol) in
one portion. After the mixture was cooled to 0 0C, NMM
(0.38 mL, 3 10 mg, 3.08 mmol, 5 equiv.) was added
slowly and the mixture was warmed to room temperature
and stirred for 3 h, then heated to 50 0C for 0.5 h.
The reaction was monitored by HPLC for
thedisappearance of TsCI (<1 % by area). Salt 20
(0.141 g, 0.388 mmol, KF - 1%) was added and the
reaction mixture was stirred at ambient temperature
for 2 h and then concentrated to remove MeCN. EtOAc
(50 ml_) and sat. NaHCO3 (50 ml_) was added and the
mixture was stirred at rt for 15 min. The organic
phase was separated, washed with sat. NaHCO3 solution
(50 ml_) and brine (50 ml_), and concentrated to give
the desired example (S)-2 as a white solid (75% based
on HPLC assay). The following solubility and solid
state characteristics of the compound (S)-3- [(
-chloro-thiophen^-ylJ-carbonylaminol-N^S-methyl^.S^.
-tetrahydro-I Hbenzo[
d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide
and of its anhydrous crystalline form are relevant to
the present invention. Solubility properties of the
compound (S)-3-[(5-chloro-thiophen-2-yl)-
carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)- tetrahydrofuran-3-carboxylic
acid amide Solubility and dissolution rate in aqueous
media The table below shows the values of solubility
of the compound (S)-3-[(5-chlorothiophen-
2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1
Hbenzo[ d]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide in different aqueous media.The table below
shows the values of intrinsic dissolution rate of the
compound
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-me
thyl-2,3,4,5-tetrahydro- I
H-benzotdJazepin-Z-ylJ-tetrahydrofuran-S-carboxylic
acid amide in aqueous media. The intrinsic dissolution
rate was determined in aqueous media covering a range
of pH 1.1 - 7.4 using the rotating disc method which
maintains a constant surface area. 5 mg of drug
substance was compressed to form a disc at 356.1 N for
60 s . These discs were mounted to specially designed
sample holders which fit into a Sotax dissolution
tester. The dissolution media (37C) were stirred at
200 rpm. Samples were automatically withdrawn every
second minute from the dissolution vessel and assayed
via UV spectrophotometry. The intrinsic dissolution
rate expressed in mg/cm2/min was calculated using the
slope of the concentration versus time plot and from
the linear portion of the slope of the dissolution
curve, volume of dissolution medium (35ml) and area
(diameter: 2 mm) of the exposed disk.From the above
results, it can be concluded that the compound
(S)-3-[(5-chlorothiophen-
2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1
Hbenzo[ d]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide has a pH dependent solubility profile in
aqueous media with excellent solubility in acidic
media and a reduced solubility in neutral and basic
media due to the lower solubility of the free base.
Furthermore, the compound exhibits up to pH 6.0 very
fast dissolution rates, and even acceptable
dissolution rates at pH 7.4. Solid state properties of
the compound (S)-3-[(5-chloro-thiophen-2-yl)-
carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)- tetrahydrofuran-3-carboxylic
acid amide In the solid state, the compound
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
N-(3-methyl-2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)-tetrahydrofuran-3- carboxylic
acid amide appears as a white microcrystalline
powder.Manufacturing process of the anhydrous
crystalline form of the compound (S)-3- [(
-chloro-thiophen^-ylJ-carbonylaminol-N^S-methyl^.S^.
-tetrahydro-I Hbenzo[
d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid
amide. The anhydrous crystalline form of the compound
(S)-3-[(5-chloro-thiophen-2-yl)-
carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)- tetrahydrofuran-3-carboxylic
acid amide may be manufactured by drying a preparation
of the compound
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-
(3-methyl-2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)-tetrahydrofuran-3- carboxylic
acid amide at a temperature above 130 C and
maintaining it under dry atmosphere. Solid state
properties (crystal unity and polymorphism) of the
anhydrous crystalline form of the compound
(S)-3-[(5-chloro-thiophen-2-
yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)- tetrahydrofuran-3-carboxylic
acid amide The compound
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-me
thyl- 2,3,4,5-tetrahydro-1
H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic
acid amide is highly crystalline. The X-ray powder
diffraction diagram is shown in Figure 1. The X-ray
powder reflection and intensities (standardised) are
shown in the following table.Transgenic Animal Model
The present invention is related to a transgenic,
non-human animal, particularly a transgenic rodent,
which allows for the simultaneous, tissue-specific and
temporaliycontr aHed regulation of transgene
expression. Such model can be used as a tool to
investigate the consecutive steps involved in
initiation and progression of certain diseases such as
cancer, but particularly lung cancer. Transgenic
non-human animai models such as transgenic mouse
models have been irreplaceable tools for the study of
the molecular and physiological processes involved in
certain human disease states, particularly those
involved in oncogenicity. Whereas the gene disruption
and gene replacement strategies used to develop
conventional transgenic mouse models are appropriate
to create null mutants or gain-of-function mutants,
neither is idea! to model diseases with polygenic
etiologies and environmental influences such as, for
example, cancer as an "acquired" disease. Such known
strategies create germline mutations. As a
consequence, the potential to initiate a cascade of
secondary responses during the earliest stages of
development is substantial. These responses, even if
phenotypically silent in the unstressed organism, may
considerably alter the behavior to additional
challenges in the adult mouse. Although this
information, in itseif, may be of interest, rendering
a transgene silent during development and inducing its
expression in the adult provides a potentially more
suitable environment which is not complicated by
potential developmental perturbations. Moreover, most
cancers are sporadic, and carcinogenesis is often
tissue or spatially specific. The conventional
transgenic mouse carries constitutive transgenes in
the 



complete animal, which creates a very different
microenvironment than is found during initiation of
sporadic cancers in which a few tumor cells are
surrounded by many normaf cells that may keep the
incipient cancer cell in check by cell-cell contact or
paracrine signaling. Epidemiological data have clearly
indicated that cigarette smoke is causaily associated
with the development of lung cancer. Past molecular
biology studies have revealed the complex molecular
alterations in lung cancer it is known that
perturbations of the integrity of integrated signaling
networks, positively or negatively regulating various
cellular processes to maintain homeostasis of the
lung, lead to the progression of lungcancer. As with
all types of cancer, transformation from a normal lung
cei! to a malignant lung cancer cell is the result of
many combinations of events. Though carcinogenesis of
cigarette smoke is believed to be a multistage
process, there is little agreement as to which steps
are truly required for cancer to develop. The cause
and effect relationship between certain genetic or
epigenetic aberrations and carcinogenesis is often
unclear. This is complicated by the fact that little
is known about the early events of cigarette
smoke-induced carcinogenesis. Furthermore, both the
ceil type of origin of lung cancer and the complex,
even "paradoxical", role that the microenvironment
plays in tumorigenicity are unknown. Recent strategies
for the development of transgenic mouse models for
lung cancers have evolved from targeting transgenes in
a constitutive mode to regulating the expression and
ablation of genes in the iung in an inducible mode.
This allows for the control of gene expression in a
spatial- and tissue-specific manner, thereby providing
a better platform for further investigation of the
molecular basis of tumorigenesis (reviewed by Kwak et
al., 2004). The most widely used systems in creating
the conditional transgenic mouse are the Cre
recombinase of P 1 bacteriophage and the FIp
recombinase of Saccharomyces cbrevisfae yeast, which
behave quite similarly to each other. The recombinase
enzyme Cre (or FIp) promotes recombination via
recognition of a 34-bp asymmetric polynucleotide
termed loxP (or frt). Depending on the relative
orientation of the foxP sites, Cre may catalyze
excision (same orientation) or insertion (opposite
orientation) of the DNA segments located between these
sites. The known approach to achieve inducible gene
targeting involves two types of transgenic mouse
lines. The first transgenic mouse line bears the
target gene (or gene segment) flanked by two loxP
sites in the same orientation and positioned in such a
way that it does not prevent normal gene activity
(floxed gene). The second transgenic mouse line
contains a transgene expressing Cre recombinase. When
these two mouse lines are crossed, depending on the
promoter and regulatory sequences present in the
transgene, the fioxed gene is deleted and a mutation
is created in particular cells or tissues. It is
important to note that two requirements must be
fulfilled for conditional gene targeting with the
Cre/loxP (or Flp/frt) system. Firstly, the fioxed
allele must be created in such a way that it is still
functional, and secondly, targeting of Cre expression
must be tightly controlled. Depending on the fioxed
DNA sequence, the Cre/loxP system can also be used to
create insertion. To this end, conditional transgenes
can be introduced not oniy in a given type of cell but
also at a given time in development.These conditional
models can be targeted to cancer, since it is a
sporadic, that is acquired disease. Therefore, a
genetic change can be introduced at any stage of the
development of the mouse model. However, in addition
to the fact that cancer is often an acquired disease
and is subject to the sophisticated compiication of
the microenvironment, tobacco smoke carcinogenesis
shows extra features. Epidemloiogicai data showing
that smokers, 15 to 25 years after smoke cessation,
face almost the same low risk of developing lung
cancer as the non-smoker strongly suggest a
"reversibility" or dosage effect of cigarette smoke.
Moreover, the insult imposed by cigarette smoke is
often intermittent with respect to its mode of action.
Several conditional transgenic mouse models for lung
cancer have been developed by intranasally or
intratrachealiy administering the adeno-cre virus, a
recombinant adenovirus expressing Cre-recombinase
(Jackson et aL, 2001 ; Meuwissen et al,, 2001 ) .
However, the suppression or activation of the targeted
genes in this way is irreversible and becomes
constitutive after the administration, which does not
reflect the intermittent nature of cigarette smoke
exposure or the observed reversibility of lung cancer
in smokers following cessation. These points raise the
question of relevance of the known conventional and
conditional transgenic mice as proper disease models
for cigarette smoke-induced lung tumorigenicity. In
other words, at present there is no proper transgenic
mouse model for studying cigarette smoke-induced lung
cancer or other smoke-induced diseases. In summary, an
idea! or pertinent non-human animal model for studying
cigarette smoke-induced diseases should be able to
capture: 1) the acquired nature of the diseases, 2)
the complication of the microenvironment, 3} the
intermittent characteristics of cigarette smoke
exposure, and 4) the "reversible" nature of the
carcinogenic process in smokers following cessation.
The present invention now provides such a non-human
animal model which possesses the above mentioned
advantageous capabilities, in particular, the
invention provides a transgenic, non-human animal
comprising stably integrated into its genome a first
and a second expression cassette, wherein said second
expression cassette comprises a polynucleotide
encoding an effector polypeptide under the control of
a tissue-specific promoter. The expression of said
(second) effctor polypeptide is activated by the
expression product of the first expression cassette,
which expression product is encoded by a
polynucleotide under the control of an inducible
promoter.According to all aspects and embodiments of
the present invention, the preferred transgenic,
non-hurnan animal is a transgenic rodent. Particularly
preferred is a transgenic mouse. In particular, the
present invention provides a transgenic, non-human
animal comprising stably integrated into its genome a
first expression cassette and a second expression
cassette, wherein said second expression cassette
comprises a second polynucleotide encoding a second
effector polypeptide under the control of a
tissue-specific promoter and, optionally, a further
nucleotide sequence, which blocks expression of the
second effector polypeptide such that no expression of
the second effector polynucleotide occurs from said
tissue-specific promoter in the non-induced state, and
wherein said first expression cassette comprises a
first polynucleotide encoding a first effector
polypeptide under the control of an inducible
promoter, which, upon induction by an inducing agent
or composition and expression of the first effector
polypeptide, activates expression of the second
effector polypeptide, for example by removing the
block from the second expression cassette. In one
embodiment of the invention, a transgenic non-human
animal is provided, particularly a transgenic rodent,
but especially a transgenic mouse comprising stably
integrated into the mouse genome a first and a second
expression cassette, wherein said second expression
cassette comprises a polynucleotide encoding a second 



effector polypeptide under the control of a
tissue-specific promoter, particularly a lung tissue
specific promoter that controls expression of lung
tissue specific proteins in the lung, the expression
of which is activated by the expression product of the
first expression cassette which expression product is
encoded by a polynucleotide under the control of an
inducible promoter, particularly a promoter that is
inducible by cigarette smoke or by one or more of its
constituents; and a gene of interest (GOI), for
example a tumor suppressor gene or any other gene that
can be suitably used within the scope of the present
invention, which is integrated in the animals genome
and flanked by short polynucleotides comprising
recognition sites of the recombinase protein which do
not interfere with the normal expression of the gene
of interest such that the GOI is actively expressed
from the animals genome in the non-induced state, but
becomes inactivated upon expression of the second
effector polypeptide. In one embodiment of the
invention, a transgenic non-human animal is provided,
particularly a transgenic rodent, but especially a
transgenic mouse comprising stably integrated into the
mouse genome a first and a second expression cassette,
whereinsaid second expression cassette comprises a
polynucleotide encoding a second effector polypeptide
under the contra! of a tissue-specific promoter,
particularly a lung tissue specific promoter that
controls expression of lung tissue specific proteins
in the lung, and a further nucleotide sequence, which
blocks expression of the second effector polypeptide
such that no expression of the effector nucleotide
occurs from this promoter in the non-induced state,
and wherein said first expression cassette comprises a
polynucleotide encoding a first effector polypeptide
under the control of an inducible promoter,
particularly a promoter that is inducible by cigarette
smoke or by one or more of its constituents which,
upon induction expresses the first effector
polypeptide and removes the biock from the second
expression cassette thus activating expression of the
second effector polypeptide; and a gene of interest
(GOI), for example a tumor suppressor gene or any
other gene that can be suitably used within the scope
of the present invention, which is integrated in the
animals genome and flanked by short polynucleotides
comprising recognition sites of the recombinase
protein which do not interfere with the normal
expression of the gene of interest such that the GOI
is actively expressed from the animals genome in the
non-induced state, but becomes inactivated upon
expression of the second effector polypeptide. In a
specific embodiment of the invention, a transgenic,
non-human animal, is provided, wherein the first
expression cassette and the second expression cassette
are stably integrated in the genome of at least one
somatic cell of said transgenic, non-human animal. In
another specific embodiment of the invention, a
transgenic, non-human animal is provided, wherein the
first and second expression cassette are stably
integrated in the genome of at least one germiine cell
of said transgenic, non-human animal. Optionally, the
second expression cassette comprises a further
nucleotide sequence, which blocks expression of the
second effector polynucleotide. The blocking
nucleotide sequence comprises one or more stop codons
or a polyadenylation sequence or a reporter gene or
any other nucleotide sequence capable of blocking
expression of the second effector polypeptide.
Advantageously, it is located in the expression
cassette such that expression of the effector
polypeptide is blocked. Preferably it is located
upstream of the nucleotide sequence encoding the
second effector polypeptide, more preferably between
the promoter and the encoding polynucleotide. In a
specific embodiment of the invention, the first
polynucleotide encoding the first effector polypeptide
comprised in the first expression cassette under
control of aninducible promoter is a recombinase
encoding polynucleotide and the blocking sequence is
flanked by short nucleotide sequences comprising
recognition sites of the recombinase protein. In
particular, the first effector polypeptide is a Cre
recombinase or an FIp recombinase and the recombinase
recognition sequences flanking the blocking nucleotide
sequence, particularly the paiyA sequence or stop
codon or reporter gene are loxP and frf recognition
sequences, respectively. In a specific embodiment of
the invention, the inducible promoter controiling the
expression of the first effector polypeptide in the
first expression cassette is an on/offtype promoter
which is strongly induced and provides essentially no
background activity. In particular, induction of said
promoter is dose dependent and compound or composition
dependent and thus allows to fine tune gene expression
levels and durations by modulating the dose and the
nature of the inducing agent. In a specific aspect of
the invention an inducible promoter is provided which
is strongly induced in the presence of environmental
toxicants, for example, nicotine and polycyclic
aromatic hydrocarbons (PAH) such as benzo(a)pyrene
(BaP) and chlorinated dioxins and furans such as
tetrachiorodibenzo-p-dioxin (TCDD), and
beta-naphthoflavone (BNF), some of which are present
in tobacco smoke, and the like, individually or in
different combinations of one or more of said
constituents. In a specific embodiment of the
invention, the inducible promoter controlling the
expression of the effector polypeptide in the first
expression cassette is a promoter controiling
expression of a cytochrome P450 mono-oxygenase, but
particularly expression of the cyp1 A 1 gene. Other
inducible promoters may also be used within the scope
of the present invention for controlling expression of
the first effector polypeptide such as, for example,
without however being limited thereto, the promoter of
stress responsive gene hsp70.1 , promoters of
metallatheopine genes and other cyp-type promoters. in
another aspect of the invention, the tissue-specific
promoter controiling expression of the second effector
polypeptide comprised in the second expression
cassette is a tissue specific promoter, particularly a
lung tissue specific promoter, more preferably a
promoter which controls expression of lung
tissue-specific proteins, most preferably a protein
that is specifically expressed in nonciliated
bronchial epithelial cells (Clara ceils) in
respiratory and terminal bronchioles such as, for
example, the Clara cell 10 protein. Particularly
preferred is the CC1 0 protein promoter.in another
embodiment of the invention, the lung tissue-specific
promoter is a promoter which controls expression of a
lung tissue-specific protein, more particularly a
protein that is specifically expressed in alveolar
epithelial ceiis such as, for example, the surfactant
protein A/C. Such protein is a Sung tissue-specific
protein, which modulates a number of immune ceil
functions, Including cell proliferation, cytokine
production, the expression of cell surface markers,
and the generation of oxidative activity in still
another embodiment of the invention, the lung tissue
specific promoter is a promoter which controis
expression of lung tissue-specific proteins in both
type 1 and type I! lung epithelial cells such as, for
example, the RAIG1 . Other lung- tissue-specific
promoters that may also be used within the scope of
the present invention include, for example, a promoter
selected from the group consisting of thyroid
transcription factor-2 (TTF1 }, the promoter of
aquaporin 5, the promoter of T 1 



alpha and the promoter of retinoic acid-induced gene 1
(RAiGI ) . Thyroid transcription factor-1 (TTF-1 ,
product of the Nkx2.1 gene) is essential for branching
morphogenesis of the lung and enhances expression of
surfactant proteins by alveolar type il cells. T 1
alpha is a differentiation gene of lung alveolar
epithelial type i cells. Aquaporin-5 (AQP5) is a water
channel protein expressed on the apical surface of
alveolar epithelial type I cells. RA1G1 is a gene
specifically expressed in lung epithelial cells of
both type I and type II. In a further aspect of the
invention, the transgenic, non-human animal according
to the present invention and described herein before
comprises stably integrated in its genome a gene of
interest (GOi) the expression of which is modulated by
the second effector polypeptide. In particular, a
transgenic, non-human animal is provided comprising
stably integrated into its genome a first expression
cassette and a second expression cassette, wherein
said second expression cassette comprises a
polynucleotide encoding a second effector polypeptide
under the controi of a tissue-specific promoter, the
expression of which is activated by the expression
product of the first expression cassette which
expression product is encoded by a polynucleotide
under the control of an inducible promoter and wherein
said transgenic, non-human animal comprises in its
genome a gene of interest (GOI), which is integrated
in the animal's genome in an active state or actively
expressed from the genome, but becomes inactivated
upon expression of the second effector polypeptide.In
another embodiment, the invention provides a
transgenic, non-human animal, particularly a
transgenic rodent, comprising stably integrated into
its genome a first and a second expression cassette,
wherein said second expression cassette comprises a
polynucleotide encoding a second effector polypeptide
under the control of a tissuespecific promoter and,
optionally, a further nucleotide sequence, which
blocks expression of the second effector polypeptide
such that no expression of the effector nucleotide
occurs from this promoter in the non-induced state,
and wherein said first expression cassette comprises a
polynucleotide encoding a first effector polypeptide
under the control of an inducible promoter, which,
upon induction by an inducing agent or composition and
expression of the first effector polypeptide,
activates expression of the second effector
polypeptide, for example by removing the block from
the second expression cassette, and wherein said
transgenic non-human animal, particularly said
transgenic mouse, comprises in its genome a gene of
interest (GO!), which is integrated into the animal's
genome such that it is actively expressed from said
genome in the non-induced state, but becomes
inactivated upon expression of the second effector
polypeptide. The gene of interest may either be a
native gene which is present in the genome of the
transgenic, non-human animal, or, in the alternative,
a transgen q that has been introduced into the
animal's genome artificially through recombinant DNA
techniques. The gene of interest may, for example, be
a tumor suppressor gene such as the tumor suppressor
gene k-Ras 12 (Jackson et a!., 2001 ) , Rb1 or Trp53
(Meuwissen et a!., 2001 ) , or any other gene that can
be suitably used within the scope of the present
invention, which gene is operabiy integrated into the
genome of the transgenic, nonhuman animal and actively
expressed from the genome in the non-induced state,
but becomes blocked or inactivated upon expression of
the second effector polypeptide in a specific
embodiment of the invention, the second effector
polypeptide is a recombnase and the gene of interest
in the genome of the transgenic, non-human animal is
flanked by short nucleotide sequences comprising
recognition sites of a recombinase protein which do
not interfere with the normal expression of the gene
of interest. In particular, the effector polypeptide
is a Cre recombinase or an FIp recombinase and the
recombinase recognition sequences flanking the gene of
interest (GOI) are loxP and frt recognition sequences,
respectively.in another aspect of the invention, the
gene of interest (GOi) is integrated in the genome of
the transgenic, non-human animal in an inactive state
or not actively expressed from the genome. In
particular, a transgenic, non-human animal is provided
comprising stably integrated into its genome a first
expression cassette and a second expression cassette,
wherein said second expression cassette comprises a
polynucleotide encoding a second effector polypeptide
under the control of a tissue-specific promoter, the
expression of which is activated by the expression
product of the first expression cassette which
expression product is encoded by a polynucleotide
under the control of an inducible promoter and wherein
said transgenic, non-human animal comprises in its
genome a gene of interest (GO!), which is integrated
in the animal's genome in an inactive state or is not
actively expressed from the genome, but becomes
activated upon expression of the second effector
polypeptide. in another embodiment, the invention
provides a transgenic, non-human animal comprising
stably integrated into its genome a first and a second
expression cassette, wherein said second expression
cassette comprises a polynucleotide encoding a second
effector polypeptide under the control of a
tissue-specific promoter and, optionally, a further
nucleotide sequence, which blocks expression of the
second effector polypeptide such that no expression of
the effector nucleotide occurs from this promoter in
the non-induced state, and wherein said first
expression cassette comprises a polynucleotide
encoding a first effector polypeptide under the
control of an inducible promoter, which, upon
induction by an inducing agent or composition and
expression of a first effector polypeptide, activates
expression of the second effector polypeptide, for
example by removing the block from the second
expression cassette, and wherein said transgenic,
non-human animal comprises stably integrated in its
genome a gene of interest (GOi), which is integrated
in the animal's genome such that it is not actively
expressed from said genome in the non-induced state,
but becomes activated upon expression of the second
effector polypeptide. The blocking polynucleotide may
comprise a stop codon or a polyadenylation sequence or
a reporter gene and is particularly located in the
expression cassette such that expression of the
effector polypeptide is blocked, but especially
between the promoter and the encoding polynucleotide.
The gene of interest may either be a native gene which
is present in the non-human animal's genome or, in the
alternative, a transgene that has been introduced into
thegenome artificially through recombinant DNA
techniques. The inactive gene of interest (GOI) is
deblocked or activated upon expression of the second
effector polypeptide such that expression of the gene
of interest is caused. The gene of interest may, for
example, be a tumor susceptibiiity gene such as a
tumor susceptibility gene selected from the group
consisting of a lung adenoma susceptibility gene 1
(Las-1) and Kirsttn rat sarcoma oncogene 2 (Kras2) or
any other gene that can be suitably used within the
scope of the present invention. 



Further comprised by the present invention is a vector
molecule comprising a first expression cassette and a
second expression cassette as part of the same vector
molecule, wherein said first expression cassette
comprises a polynucleotide encoding a first effector
polypeptide under the control of an inducible
promoter, which, upon induction by an inducing agent
or composition expresses a first effector polypeptide,
and said second expression cassette comprises a
polynucleotide encoding a second effector polypeptide
under the control of a tissue-specific promoter, the
expression of which is activated by the expression
product of the first expression cassette fn
particular, the invention relates to a vector
molecule, wherein the second expression cassette
comprises a further polynucleotide, which blocks
expression of the second effector polypeptide in one
embodiment, the invention provides a vector molecule
comprising a first expression cassette and a second
expression cassette as part of the same vector
molecule, wherein said first expression cassette
comprises a polynucleotide encoding a first effector
polypeptide under the control of an inducible
promoter, which, upon induction by an inducing agent
or composition expresses a first effector polypeptide,
and said second expression cassette comprises a
polynucleotide encoding a second effector polypeptide
under the control of a tissue-specific promoter and,
optionally, a further nucleotide sequence, which
blocks expression of the second effector polypeptide
such that no expression of the effector nucleotide
occurs from this promoter in the noninduced state. The
expression of the second effector polypeptide is
activated by the expression product of the first
expression cassette. The optional further nucleotide
sequence, which blocks expression of the second
effector polypeptide such that no expression of the
effector nucleotide occurs from the tissue-specific
promoter in the non-induced state, may be a nucleotide
sequence comprising one or more stop codons, a
polyadenylation (polyA) sequence, a reporter gene or
any other sequence capable of blocking expression of
the second effectorpolypeptide and is particularly
iocated in the expression cassette such that
expression of the second effector polypeptide is
blocked. Preferably the nucleotide sequence is located
upstream of the polynucleotide encoding the second
effector polypeptide, more preferably between the
promoter and the encoding nucleotide sequence. Also
comprised is a vector molecule, wherein the inducible
promoter controiling the expression of the effector
polypeptide in the first expression cassette is an
on/off-type promoter which is strongly induced and
provides essentially no background activity and is
dependent on the dose and the nature of the inducing
compound or composition, particularly on cigarette
smoke or at least one of its constituents,
particularly a promoter controlling expression of a
cytochrome P450 mono-oxygenase, but especially a
promoter controlling expression of the cyp1A1 gene. in
a further embodiment, a vector molecule according to
the present invention is provided, wherein the
tissue-specific promoter is a lung tissue-specific
promoter, particularly a promoter which controls
expression of lung tissue-specific proteins,
especially proteins that are specifically expressed in
nonciiiated bronchial epithelial cells (Clara cells)
in respiratory and terminal bronchioles such as, for
example, the Clara cell 10 protein, particularly the
CC10 protein promoter. Alternatively, the vector
molecuie according to the present invention may
comprise a lung tissue-specific promoter which
controls expression of lung tissue-specific proteins
that are specifically expressed in alveolar epithelial
ceils such as, for example, the surfactant protein
A/C. In a further aspect of the invention, the vector
molecule according to the present invention comprises
a first effector polypeptide, which is a recombinase,
particularly a Cre recombinase or a Fip recombinase
and/or a second effector polypeptide, which is a
recombinase, particularly a Cre recombinase or a FIp
recombinase. Further provided is a vector molecule
according to the invention comprising an expression
cassette comprising a gene of interest targeted with
recombinase recognition sequences, particular a floxed
targeted transgene of interest. In one embodiment of
the invention, a vector molecule is provided wherein
the gene of interest is a tumor suppressor gene such
as p53, Arf, Dmp1 and Rb or a tumor susceptibility
gene such as k-Ras 12, WT1 , TSG101 , etc., and
wherein the gene is flanked by Cre recognition
sequences. In yet another embodiment of the invention,
a vector molecuie is provided comprising a first
expression cassette, a second expression cassette and
a third expression cassette as part of the same vector
molecule, wherein said first expression cassette
comprises apolynucleotide encoding a first effector
polypeptide under the control of an inducible
promoter, which, upon induction by an inducing agent
or composition expresses a first effector polypeptide,
and said second expression cassette comprises a
polynucleotide encoding a second effector polypeptide
under the control of a tissue-specific promoter and,
optionally, a further nucleotide sequence, which
blocks expression of the second effector polypeptide
such that no expression of the effector nucleotide
occurs from this promoter in the non-induced state,
the expression of which is activated by the expression
product of the first expression cassette, and said
third expression cassette comprises a gene of interest
targeted with recombinase recognition sequences,
particular a floxed targeted transgene of interest
particularly a tumor suppressor gene such as r53, Arf,
Dmp1 and Rb or a tumor susceptibility gene such as
k-Ras 12, WT1 , TSG1 01, etc., particularly flanked by
O e recognition sequences. In one embodiment of the
invention, a composition is provided comprising the
first expression cassette and the second expression
cassette according to the present invention and as
described herein before on distinct vector molecules
such that each of said vector molecules contains a
single expression cassette only in one embodiment of
the invention, a composition is provided comprising
the first expression cassette, the second expression
cassette and the third expression cassette according
to the present invention and as described herein
before on at least two distinct vector molecules,
particularly on three distinct vector molecules such
that at least one vector molecule contains a single
expression cassette only. Said vector molecules may
then be transfected into a non-human animal
simultaneously or consecutively. In yet another
embodiment, the present invention provides a method of
producing a transgenic non-human animal, particularly
a transgenic rodent, but especially a transgenic mouse
according to the present invention comprising
transfecting a target animal with a vector molecule
according to the invention and as described herein
before. !n still another embodiment of the invention,
a method is provided of evaluating the carcinogenic
potential of an agent or a composition in a specific
tissue of the animal when applied intermittently
comprising: (i) contacting the transgenic, non-human
animal according to the invention and as described
herein before with the agent or composition to be
evaluated; (ii) blocking or inactivating expression of
a gene of interest thus 



causing genetic aberrations within the cells of a
specific tissue of the animal, (iii)identifying and
determining said genetic aberrations; (iv) comparing
the number of genetically altered ceils in a sample
from the treated animai with the number of genetically
altered cells in a sample from an untreated transgenic
animal or transgenic animal treated with a control
agent, wherein the difference in the number of
transformed ceils in the treated animal, relative to
the number of transformed cells in the absence of
treatment or treatment with a control agent, indicates
the carcinogenic potential of the test compound. Also
comprised by the present invention is a method for
evaluating the reversibility of the carcinogenic
process induced by an agent or composition comprising:
(i) contacting the transgenic, non-human animal
according to the invention and as described herein
before with the agent or composition to be evaluated
intermittently according to a defined time schedule;
(ii) blocking or inactivating expression of a gene of
interest thus causing genetic aberrations within the
cells of a specific tissue of the animal, (iii)
identifying and determining said genetic aberrations;
(iv) discontinuing contacting the transgenic animai
with the agent or composition to be evaluated,
comparing the number of genetically altered cells in a
sample from the intermittentiy treated animai with the
number of altered cells in a sample from a animai at a
given time after treatment had been discontinued, and
(v) determining reversibility of the carcinogenic
process. Many diseases which originate from some type
of insult to a particular tissue or cell of the
organism such as, for example, cigarette smoke-induced
diseases, particularly cigarette smoke-induced cancer
have the nature of "acquiredness". This type of
disease is referred to as a sporadic disease as
opposed to a famiiiaf disease. Therefore, the
development of the disease is affected by the
complication of the microenvironmenf, which can either
stop, slow down, or speed up the disease. Moreover, in
case of certain cigarette smoking-reiated diseases
epidemiological evidence clearly illustrates that
these diseases can be considered as being
"reversible". Therefore, the present invention
provides an animal model which reflects both, the dose
delivered and the intermittent mode of the exposure.
In particular, the transgenic, nonhuman animal
according to the present invention allows for a
tissue-specific, particularly iung tissue-specific and
temporally controlled expression of a gene of interest
caused by the intermittent exposure of the model
animal to a disease-inducing compound or composition,
particularly by exposure to cigarette smoke followed
by a transgene activation or inactivation of the gene
of interest.In a specific embodiment of the invention,
a transgenic, non-human animal is provided wherein an
expression cassette comprising a tissue-specific
promoter, particularly a lung tissue-specific promoter
such as, for example, a SP-A/C or CC10 promoter is
combined with another expression cassette comprising
an inducible promoter, particularly a promoter induced
by environmental toxicants such as, for example,
cigarette smoke or one of more of its constituents,
particularly a cyp1A1 promoter, wherein both promoters
drive the expression of an effector gene, particularly
a recombipase gene such as, for example, a ere or an
tip recombinase gene, which provides a feasible and
powerful too! for investigating the consecutive steps
involved in initiation and progression of certain
diseases such as cancer, but particularly lung cancer.
A lung tissue-specific promoter that can be suitably
used within the non-human animal model system
according to the invention is the SP-A/C promoter or
the CC1 0 promoter, respectiveiy. Surfactant protein
A/C is a lung tissue-specific protein, which modulates
a number of immune ceil functions, including cell
proliferation, cytokine production, the expression of
cell surface markers, and the generation of oxidative
activity. It may also participate in the adaptive
immune response. Due to its lung tissue-specificity,
surfactant protein A/C promoter has been used in
several studies to introduce genetic alterations in
lung cells (Harrod et al., 1998; Wilmott et al.,
1998). Clara celf 10 protein is the predominant
product from nonciliated bronchial epithelial cells
{Clara ceils) in respiratory and terminal bronchioles
in the lung. Since approximately 50-70% of epithelial
cells in the trachea, bronchia, and bronchioles
(pulmonary conducting airways) of mice are Clara
cells, the Clara cell CC10 protein promoter has also
been used to express transgenes in a lung
tissue-specific manner in several studies (Temann et
al., 1998; Fisher et al., 2001;). An inducible
promoter that can be suitably used within the model
system according to the invention is the cyp1A1
promoter. The cyp1A1 gene is a gene from the
cytochrome P450 mono-oxygenase system. The cytochrome
P450 mono-oxygenase system represents a major defense
against chemical challenge from the environment,
constituting part of an adaptive response mounted by
an organism following exposure to harmful agents, such
as cigarette smoke. They also participate in a variety
of essential "house-keeping" functions, such as
biosynthesis of steroid hormones and fatty acid
oxidation. Cytochrome P450s, however, are also able to
catalyse the activation of certain compounds to toxic
products. These enzymes are highly regulated by
chemicalinducing agents. Of particular interest in
this regard is the cytochrome P-450 cyp1A1 gene. This
gene is not constitutively expressed but is highly
inducible upon exposure to cigarette smoke and/or the
constituents thereof and environmental toxicants such
as, nicotine, polycyclic aromatic hydrocarbons (PAH),
tetrachiorodibenz a-p-dioxin (TCDD), and
beta-naphthof!avone (BNF), etc. A significant
advantage of the cyp1A1 system is that there is
essentially no background activity in the lung, and it
provides the ability to fine tune gene expression
levels and durations by modulating the dose and the
nature of the inducing agent indeed several studies
have shown that the cyp1 A 1 promoter in transgenic
mice is an exquisitely sensitive on-off system for
cell specific gene regulation (Campbell et ah, 1996;
Smith et al., 1995; Ryding et al., 2001 ) . Not opiy
is the expression of cypiAI induced by exposure to
cigarette smoke, it is also induced by various
environmental toxicants. This opens up the possibility
of developing this type of conditional transgenic mice
for toxicoiogical testing and environmentai monitoring
as well. in particular, the invention provides a
transgenic, non-human animai comprising stably
integrated into the mouse genome a first and a second
expression cassette, wherein said second expression
cassette comprises a polynucleotide encoding an
effector polypeptide under the control of a
tissue-specific promoter, particu ariy a lung tissue
specific promoter such as, for example the Clara cell
CC10 protein promoter or the surfactant protein A/C
promoter or a promoter that controls expression of
lung tissue specific proteins in both type i and type
Il lung epithelial cells such as, for example, the
RAIG1, the expression of which is activated by the
expression product of the first expression cassette
which expression product is encoded by a
polynucleotide under the control of an inducible
promoter, particularly a promoter that is inducible by
cigarette smoke or by one or more of its constituents
such as, for example, the cyp1 A 1 promoter. In
another embodiment, the invention provides a
transgenic, non-human animal, particularly a mouse
comprising stabiy integrated into the mouse genome a
first and a 



second expression cassette, wherein said second
expression cassette comprises a polynucleotide
encoding an effector polypeptide, particularly a
recombinase such as, for example, a Cre recombinase or
a FIp recombinase, under the control of a
tissuespecific promoter, particularly a lung
tissue-specific promoter such as, for example the
Clara cell CC1 0 protein promoter or the surfactant
protein A/C promoter, the expression of which is
activated by the expression product of the first
expression cassette which expression product is an
effector polypeptide, particularly a recombinase such
as, forexample, a Cre recombinase or a F!p
recombinase, encoded by a polynucleotide under the
controi of an inducible promoter, particularly a
promoter that is inducible by cigarette smoke or by
one or more of its constituents such as, for example,
the cyp1 A 1 promoter and a further polynucleotide,
which blocks expression of the second effector
polypeptide in the non-induced state, particularly a
polynucleotide comprising a stop codon or a
polyadenylation sequence or a reporter gene which is
located in the expression cassette such that
expression of the effector polypeptide is blocked, but
especially between the promoter and the encoding
polynucleotide and is flanked by recombinase
recognition sequences such as, for example, ioxP and
frt recognition sequences. In a further embodiment the
transgenic, non-human animal according to the present
invention and as described herein before comprises in
its genome a gene of interest (GOI), for example a
tumor suppressor gene such as the tumor suppressor
gene k-Ras 12, Rb1 , Trp53, the WT1 or TSLC1 or a
tumor suppressor gene located on the short arm of
chromosome 3 , in an area designated as 3p21 .3 such
as, for example the Ras association domain family 1
(RASSFI) including RASSFSA and RASSFIC, or any other
gene that can be suitably used within the scope of the
present invention, which is integrated in the animals
genome such that it is actively expressed from the
animals genome in the non-induced state, but becomes
inactivated upon expression of the second effector
polypeptide. In a specific embodiment of the
invention, the second effector polypeptide is a
recombinase, particularly a Cre recombinase or a FIp
recombinase, but especially a FLP recombinase and the
gene of interest in the animal's genome is flanked by
short polynucleotides comprising recognition sites of
the recombinase protein which do not interfere with
the normal expression of the gene of interest,
particularly ioxP or frt recognition sequences, but
especially frt recognition sequences. The dual
promoter system according to the present invention
comprising an inducible promoter, particularly a
promoter inducible by cigarette smoke or one or more
of its constituents and a tissue-specific promoter,
particularly a lung tissue specific promoter, allows
for control of the initiation of carcinogenesis in a
tissue-specific and controlled manner, particularly in
a lung tissue-specific and cigarette smoke controlled
manner. In one embodiment, a method for producing a
transgenic non-human animal model, particularly a
mouse model, is provided comprising(a) providing a
first expression cassette and a second expression
cassette, wherein said first expression cassette
comprises a polynucleotide encoding a first effector
polypeptide under the control of an inducible
promoter, which, upon induction by an inducing agent
or composition expresses a first effector polypeptide,
and said second expression cassette comprises a
polynucleotide encoding a second effector polypeptide
under the control of a tissue-specific promoter, the
expression of which is activated by the expression
product of the first expression cassette;. (b)
introducing said first and second expression cassette
into the genome of an animal, particularly a mouse by
(i) introducing said first and second expression
cassette into a fertilized mouse egg or a blastocyst
of an embryo; - transferring the fertilized egg
containing said expression cassettes to the oviduct of
a pseudopregnant female mouse wherein the mouse
becomes pregnant; or, in the alternative
-transplanting the embryo containing said expression
cassettes into a pseudopregnant mouse and allowing
said blastocyst to develop to term; (c) allowing the
pregnant female mouse to deliver progeny mice; and (d)
selecting from the progeny mice those which have
stably incorporated into the genome the first and
second expression cassette. In one embodiment, a
method for producing a transgenic non-human animal
model, particularly a mouse model, is provided
comprising (a) providing a first expression cassette
and a second expression cassette, wherein said first
expression cassette comprises a polynucleotide
encoding a first effector polypeptide under the
control of an inducible promoter, which, upon
induction by an inducing agent or composition
expresses a first effector polypeptide, and said
second expression cassette comprises a polynucleotide
encoding a second effector polypeptide under the
control of a tissue-specific promoter, the expression
of which is activated by the expression product of the
first expression cassette;.(b) transfecti pg a
population of mouse embryonic stem cells with a first
expression cassette and a second expression cassette;
(c) identifying a mouse embryonic stem ceil having
said first and second expression cassette integrated
into its genome by homologous recombination; (d)
inserting said cell into a mouse embryo; and (d)
aifowing the resulting embryo to grow thereby
producing the transgenic mouse according to the
invention and as described herein before. fn one
embodiment, the first expression cassette and the
second expression cassette according to the invention
and as described herein before are both comprised
within a single vector molecule. in another embodiment
of the invention the first expression cassette and the
second expression cassette according to the invention
and as described herein before may each be present on
a separate vector moiecule and transferred to the
animal to be transfected together or sequentially. In
one embodiment, a method for producing a transgenic
non-human animal model, particularly a mouse model, is
provided comprising (a) providing an expression
cassette comprising a gene of interest targeted with
recombinase recognition sequences, particular a floxed
targeted transgene of interest such as floxed k-Ras 12
or floxed p53 and Rb, wherein the gene is flanked by
Cre recognition sequences;. (b) introducing said
expression cassette into the genome of an animal,
particularly a mouse by (i) introducing introducing
said first and second expression cassette into 



a fertilized mouse egg or a blastocyst of an embryo; -
transferring the fertilized egg containing said
expression cassette to the oviduct of a pseudopregnant
female mouse wherein the mouse becomes pregnant; or,
in the alternative -transplanting the embryo
containing said expression cassette into a
pseudopregnant mouse and allowing said blastocyst to
develop to term; (c) allowing the pregnant female
mouse to deliver progeny mice; and(d) selecting from
the progeny mice those which have stably incorporated
into the genome the gene of interest targeted with
recombinase recognition sequences. In one embodiment,
a method for producing a transgenic non-human animal
model, particularly a mouse model, is provided
comprising (a) providing an expression cassette
comprising a gene of interest targeted with
recombinase recognition sequences, particular a fioxed
targeted transgene of interest such as fioxed k-Ras 12
or fioxed p53 and Rb, wherein the gene is flanked by
Cre recognition sequences; (b) transfecting a
population of mouse embryonic stem cells with said
expression cassette; (c) identifying a mouse embryonic
stem cell having said expression cassette integrated
into its genome by homologous recombination; (d)
inserting said cell into a mouse embryo; and (d)
allowing the resulting embryo to grow thereby
producing the transgenic mouse according to the
invention and as described herein before having stably
incorporated into the genome the gene of interest
targeted with recombinase recognition sequences. in a
specific embodiment of the invention, a first mouse
A1the transactivator mouse, is provided in which the
sporadic expression of a recombinase, particularly a
recombinase Cre is lung tissue-specific and regulated
by a cigarette smoke-inducible promoter, particularly
a cyp1A1 promoter. This mouse A is then crossed with a
second mouse B comprising in its genome a gene of
interest targeted with recombinase recognition
sequences, particular a fioxed targeted transgene such
as fioxed k-Ras 12 (Jackson et al., 2001 ) or fioxed
p53 and Rb (Meuwissen et al., 2001 ), wherein the gene
is flanked by Cre recognition sequences. The methods
for producing mouse A and B used in this cross are
well known in the art and described, for example, in
Nagy et al., 2002: Manipulating the mouse embryos: A
laboratory manual; Cold Spring Harbor Laboratory
Press, 3rd edition. In one embodiment of the
invention, a method for producing a transgenic
non-human animal model, particularly a mouse model, is
provided as described herein before, with the
modification that al! three expression cassettes
according to the invention aretransfected into the
non-human animal simultaneously or consecutively
comprised on a single vector molecules or as part of a
vector composition as described herein before. In one
embodiment of the invention, a transgenic non-human
animal is provided, particularly a transgenic rodent,
but especially a transgenic mouse comprising stably
integrated into the mouse genome a first and a second
expression cassette, wherein said second expression
cassette comprises a polynucleotide encoding a second
effector polypeptide under the control of a
tissue-specific promoter such as, for example, the
Clara cell CC10 protein promoter or the surfactant
protein A/C promoter or a promoter that controls
expression of lung tissue specific proteins in both
type I and type Il lung epithelial cells such as, for
example, the RAiGI , and a further nucleotide
sequence, which blocks expression of the second
effector polypeptide such that no expression of the
effector nucleotide occurs from this promoter in the
non-induced state, and wherein said first expression
cassette comprises a polynucleotide encoding a first
effector polypeptide under the control of an inducible
promoter, particularly a promoter that is inducible by
cigarette smoke or by one or more of its constituents
such as, for example, the cyp1A1 promoter which, upon
induction expresses the first effector polypeptide and
removes the block from the second expression cassette
thus activating expression of the second effector
polypeptide; and a gene of interest (GOl), for example
a tumor suppressor gene such as the tumor suppressor
gene k~Ras 12, Rb1 , Trp53, the WT1 or TSLC1 or a
tumor suppressor gene located on the short arm of
chromosome 3 , in an area designated as 3p21 .3 such
as, for example the Ras association domain famiiy 1
(RASSFI) including RASSFlA and RASSFiC 1 or any other
gene that can be suitably used within the scope of the
present invention, which is integrated in the animals
genome and flanked by short polynucleotides comprising
recognition sites of the recombipase protein which do
not interfere with the normal expression of the gene
of interest, particuiariy loxP or frt recognition
sequences, but especially fit recognition sequences,
such that the GOl is actively expressed from the
animals genome in the non-induced state, but becomes
inactivated upon expression of the second effector
polypeptide. The offspring of said cross which carries
the dual promoter system and the floxed targeted genes
can be used to study molecular mechanisms of cigarette
smoke-induced diseases. Initiation of carcinogenesis
in these mice can be controlled with respect to time
by cigarette smoke exposure. Since recombinase FIp
(and hence Cre as well) will only be sporadicaily or
temporally induced by cigarette smoke, the genetic
mutation oraberration will occur only in several
proximai cells at each time of exposure and after
cessation of the exposure gene expression may be
restored, which reflects the intermittent exposure of
cigarette smoke in smokers. Since surfactant protein
A/ C or Clara eel! 10 protein is on!y expressed in
iung tissue, the expression of recombinase Cre and
hence the genetic aberration is tissue-specifica y
controlled in the lung tissues. The transactivator
mouse can also be used to generate transgenic mice in
which gene expression is knocked down or down
regulated with temporal and iung tissue specificity.
In one embodiment of the invention a method is
therefore provided for evaluating the carcinogenic
potential of an agent or a composition in a specific
tissue upon intermittent exposure to said agent or
composition comprising: (i) intermittently exposing a
transgenic non-human animal, particularly a transgenic
rodent, but especially a transgenic mouse according to
the present invention and as described herein before
to an agent or composition to be evaluated thus
inducing sporadically or temporally an effector
polypeptide in a tissue-specific manner; (ii) blocking
or inactivating expression of a gene of interest thus
causing genetic aberrations within the cells of a
specific tissue of the animai, (iii) identifying and
determining said genetic aberrations; (iv) comparing
the number of geneticaily altered ceils in a sample
from the treated animal with the number of genetically
altered ceils in a sample from an untreated transgenic
animal or transgenic animal treated with a control
agent, wherein the difference in the number of
transformed cells in the treated animal, relative to
the number of transformed cells in the absence of
treatment or treatment with a control agent, indicates
the carcinogenic 



potential of the test compound. in a specific aspect
of the invention, a method is provided for evaluating
the carcinogenic potential of cigarette smoke or of at
least one constituent thereof in lung tissue upon
intermittent exposure to cigarette smoke or to at
least one constituent thereof comprising: (i)
intermittens exposing a transgenic non-human animal,
particufarly a transgenic rodent, but especially a
transgenic mouse according to the present invention
and as described herein before to cigarette smoke or
the at least one constituent thereof to be evaluated
thus inducing sporadically or temporally an effector
polypeptide in a lung tissue-specific manner; (ii)
blocking or inactivating expression of a gene of
interest thus causing genetic aberrations within the
cells of a specific tissue of the animal, (iii)
identifying and determining said genetic aberrations;
(iv) comparing the number of genetically altered cells
in a sample from the treated animal with the number of
genetically altered cells in a sampie from an
untreated transgenic animal ortransgenic animal
treated with a control agent, wherein the difference
in the number of transformed cells in the treated
animal, relative to the number of transformed cells in
the absence of treatment or treatment with a control
agent, indicates the carcinogenic potential of
cigarette smoke or of at least one constituent thereof
in another aspect of the invention, a method is
provided for evaluating the reversibility of the
carcinogenic process induced by an agent or
composition comprising: (i) intermittently exposing
according to a defined time schedule the transgenic
non-human animal, particularly a transgenic rodent,
but especially a transgenic mouse according to the
present invention and as described herein before to
the agent or composition to be evaluated; (ii)
blocking or inactivating expression of a gene of
interest thus causing genetic aberrations within the
cells of a specific tissue of the animal, (iii)
identifying and determining said genetic aberrations;
(iv) discontinuing exposure of the transgenic animal
to the agent or composition to be evaluated, (iv)
comparing the number of genetically altered cells in a
sample from the intermittently treated test animal
with the number of altered ceils in a sample from an
animal at a given time after treatment had been
discontinued, and (iv) determining reversibility of
the carcinogenic process. In still another embodiment,
the invention relates to a method for evaluating the
reversibility of the carcinogenic process induced by
cigarette smoke or at least one constituent thereof in
lung tissue comprising: (i) intermittently exposing
according to a defined time schedule the transgenic
non-human animal, particularly the transgenic rodent,
but especially the transgenic mouse according to the
present invention and as described herein before to
cigarette smoke or to at least one constituent thereof
to be evaluated; (ii) blocking or inactivating
expression of a gene of interest thus causing genetic
aberrations within the cells of a specific tissue of
the animal, (iii) identifying and determining said
genetic aberrations; (iv) discontinuing exposure of
the transgenic animal to cigarette smoke or at least
one constituent thereof to be evaluated, (iv)
comparing the number of genetically altered cells in a
sample from the intermittently treated test animal
with the number of altered cells in a sample from an
animal at a given time after treatment had been
discontinued, and (iv) determining reversibility of
the carcinogenic process. The transgenic non-human
animal model according to the present invention can
thus be used for investigating the significance of
certain genetic or epigenetic aberrations in cigarette
smoke-induced carcinogenesis or other diseases in a
spatial- and temporalspecific manner.EXAMPLES Example
1: Construction of expression cassette 1 for inducible
expression of Ftp For the inducible expression of FIp,
a vector is constructed using standard rDNA techniques
such as those described in Campbeli et al, 1996 or
Ryding et ai, 2001 . The flp transgene is operabiy
linked with the inducible cypiai promoter and the
metallotheonine (MT-1 ) polyadenylation sequences such
that the coding sequence of FIp recombinase is
expressed under the control of the inducible promoter.
FIp cDNA is amplified by PCR from plasmid 706-FLP
(Gene Bridges) and cloned into pBS185 (Invitrogen)
replacing the Cre recombinase sequence to produce
pBS185-FLP. PBS185-FLP carrying the CIVIV promoter,
the FLP coding sequence and the mouse MT- 1
polyadenylation site is further digested by SpeS and
Xhol to eliminate the CMV promoter sequence. The
11.5-kb fragment of rat Cyp1A1 promoter containing
regions exon 1 and part of exon 2 is isolated from
pAHIM-LacZ and cloned into pBS185~FLP. The 14.4-kb
Cyp1 AI-FIp transgene fragment is generated by Hindi
and Kpnl digestion of pBS185~Cyp1 AI-FIp vector.
Transgenic Cyp1 AI-FIp animals are generated by
pronuclei microinjections of fertilized oocytes
(C57BL6 F 1 animais) with Cyp1 AI-FIp transgene. The
resulting offspring is genotyped by PCR on genomic DNA
prepared from tail biopsies. A schematic diagram of
the vector construct is given in Figure 1. Example 2:
Construction of expression cassette 2 for conditional
expression of Cre For the conditionai expression of
Cre in lung tissue a lung tissue-specific promoter
SP-C is fused to three MT-1 polyadenylation sequences
which are flanked by FIp targeting sequences frt
followed by a Cre recombinase coding sequence using
standard rDNA techniques such as described, for
example, in Harrod et al, 1998 or Wimott et ai, 1998
or Berlin et al, 2005. rBS185 is digested by Spel and
Xhol to eliminate the CMV promoter sequence. The 3,7
kb human SP-C promoter is amplified and cloned into
pBS185 to produce SP-C-Crevector. A 106 bp
oligonucleotide containing two frt sites in the same
orientation (upper case) encompassing three stop
cocfon sequences (lower case) (5'~
GAAGTTCCTATTCCGAAGTTCCTATTCTATTCTCTAGAAAGTATAGGAACTTCt
gatagt
aaGAAGTTCCTATTCCGAAGTTCCTATTCTATTCTCTAGAAAGTATAGGAACTT
C-S') (SEQ ID NO: 1) and the complementary oligo are
synthesized, annealed and blunt-end cloned into the
SP-C-Cre vector. The SPC-frt~STOP-frt-Cre vector is
linearized by Hindi and Kpnf digestion, and the 7.6-kb
fragment containing SPC promoter, frt flanked stop
codon sequence, Cre recombinase coding sequence and
the mouse MT-1 polyadenylation site are isolated,
purified and injected into the fertilized oocytes
(C57BL6 F 1 animals). The offspring is genotyped by
PCR on genomic DNA prepared from tail biopsies. A
schematic diagram of the vector construct is given in
Figure 1. The pSP-C promoter in figure 18 can be the
promoter of SP-A, that of Clara cell 10 protein, that
of thyroid transcription factor 1 (TTF-1 ) , that of T
1 alpha, that of aquaporin 5, or that of RAIG-1 gene.
Example 3: Generation of transgenic mouse A Expression
cassettes 1 and 2 are transfected into a first mouse
A, the transactivator mouse, simultaneously or
consecutively using standard transfection technology.
Mouse A provides for sporadic expression of a
recombinase, particularly a recombinase Cre in a iung
tissue-specific manner and regulated by a cigarette
smoke-inducible promoter, 



particularly a cyp1A1 promoter. In this configuration,
the FIp expression, which can be induced by cigarette
smoke, results in the deletion of the three MT-1
polyadenylation sequences and thus the expression of
Cre in lung tissue. Transgenic mouse A is obtained
from crosses of Cp1 AI-FIp and SP-C-frt-STOP-frt-Cre
mice. In this configuration, the Fip expression, which
can be induced by cigarette smoke, results in the
deletion of the stop cassette sequences and thus the
expression of Cre in lung tissue.Example 4:
Transfectson of a vector comprising a gene of interest
(GOi) into mouse 8 , A vector comprising the gene of
interest such as k-Ras 12 (Jackson et af., 2001 ) or
p53 and Rb (Meuwissen et a., 2001 ) is constructed as
described for example in Kwak et al (2004) and
transfected into a second mouse B using standard
transfection technology to produce a mouse comprising
in its genome a gene of interest targeted with
recombinase recognition sequences, particular a floxed
targeted transgene such as floxed k-Ras 12 or floxed
p53 and Rb wherein the gene is flanked by Cre
recognition sequences. Example 5: Crossing of Mouse A
X Mouse B Mouse A is crossed with mouse B to produce
offspring. The offspring of said cross carries the
dual promoter system and the floxed targeted gene of
interest and can be used to study molecular mechanisms
of cigarette smoke-induced diseases. Initiation of
carcinogenesis in these mice can be controlled with
respect to time by cigarette smoke exposure. Since
recombinase Fip (and hence Cre as we!!) wil! only be
sporadically or temporally induced by cigarette smoke,
the genetic mutation or aberration will occur oniy in
several proximal ceils at each time of exposure and
after cessation of the exposure gene expression may be
restored, which reflects the intermittent exposure of
cigarette smoke in smokers. Since surfactant protein
A/ C or Clara cell 10 protein is only expressed in
lung tissue, the expression of recombinase Cre and
hence the genetic aberration is tissue-specificaiiy
controlled in the lung tissues.Reference List Bertin
et al. 2005, Transgenic Research 14, 645-654 Campbeil
et al., 1996; Regulation of the CYP1A1 promoter in
transgenic mice: an exquisitely sensitive on~off
system for ce!i specific gene regulation. J Ce// ScL
109 (Pt 11): 2619-2625 Fisher et al., 2001, Induction
and apoptotic regression of lung adenocarcinomas by
regulation of a K~Ras transgene in the presence and
absence of tumor suppressor genes, Genes Dev.
15:3249-3262 Harrod et a!.. 1998; Lung-specific
expression of adenovirus E3-14.7K in transgenic mice
attenuates adenoviral vector-mediated Sung
inflammation and enhances transgene expression. Hum
Gene Ther. 9:1885-1898 Jackson et al. , 2001; Analysis
of lung tumor initiation and progression using
conditional expression of oncogenic K-ras. Genes Dev.
15:3243-3243 Kwak et a!. . 2004; Gepeticaly engineered
mouse models for lung cancer, Annue Rev. Physiol.
66:647-663 Meuwissen et al., 2001; Mouse mode! for
lung tumorigenesis through Cre/lox controlled sporadic
activation of the K-Ras oncogene. Oncogene.
20:6551-6558 Rydin a, et ai., 2001 ; Conditional
transgenic technologies. J Endocrinol. 17 1:1-14 Smith
et al., 1995; Cytochrome P450 1A1 promoter as a
genetic switch for the reguiatable and physiological
expression of a plasma protein in transgenic mice.
Proc Natl Acad Sd USA 92:1 1926-1 1930 Temann et al..
1998; Expression of interleukin 9 in the lungs of
transgenic mice causes airway inflammation, mast cel
hyperplasia, and bronchia! hyperresponsiveness. J Exp
Med. 188:1307-1320 Wilmott et al. . 1998; Generation
of a transgenic mouse with lung-specific
overexpression of the human interleukin-1 receptor
antagonist protein. Am J Resplr Cell MoI Biol.
18:429-434Claims 1. A transgenic anima! comprising
stably integrated into the animal genome a first and a
second expression cassette, wherein said second
expression cassette comprises a polynucleotide
encoding a second effector polypeptide under the
control of a tissue-specific promoter, the expression
of which is activated by the expression product of the
first expression cassette which expression product is
encoded by a polynucleotide under the control of an
inducible promoter. 2. A transgenic animal according
to claim 1 comprising stably integrated into the
animal genome a first and a second expression
cassette, wherein said second expression cassette
comprises a polynucleotide encoding a second effector
polypeptide under the control of a tissue-specific
promoter and, optionally, a further nucleotide
sequence, which blocks expression of the second
effector polypeptide such that no expression of the
effector nucleotide occurs from this promoter in the
non-induced state, and wherein said first expression
cassette comprises a polynucleotide encoding a first
effector polypeptide under the control of an inducible
promoter, which, upon induction by an inducing agent
or composition and expression of the first effector
polypeptide, removes the block from the second
expression cassette and activates expression of the
second effector polypeptide. 3. A transgenic animal
according to claim 1 comprising stably integrated into
the animal genome a first and a second expression
cassette, wherein said second expression cassette
comprises a polynucleotide encoding an effector
polypeptide under the control of a tissue-specific
promoter, the expression of which is activated by the
expression product of the first expression cassette
which expression product is encoded by a
polynucleotide under the control of an inducible
promoter and wherein said transgenic animal comprises
in its genome a gene of interest (GOI), which is
integrated in the animal genome in an active state
and/or actively expressed from the genome, but becomes
inactivated upon expression of the second effector
polypeptide. 4. A transgenic animal according to claim
1 comprising stably integrated into the animal genome
a first and a second expression cassette, wherein said
second expression cassette comprises a polynucleotide
encoding a second effector polypeptide under the
control of a tissue-specific promoter and, optionally,
a furthernucleotide sequence, which blocks expression
of the second effector polypeptide such that no
expression of the effector nucleotide occurs from this
promoter in the non-induced state, and wherein said
first expression cassette comprises a polynucleotide
encoding a first effector polypeptide under the
control of an inducible promoter, which, upon
induction by an inducing agent or composition and
expression of the first effector polypeptide, removes
the block from the second expression cassette and
activates expression of the second effector
polypeptide, and wherein said transgenic animal,
comprises in its genome a gene of interest 



(GOI), which is integrated in the animal genome such
that it is actively expressed from the animal genome
in the non-induced state, but becomes inactivated upon
expression of the second effector polypeptide. 5. A
transgenic anima! according to any one of claims 1 to
4, wherein the inducible promoter controlling the
expression of the effector polypeptide in the first
expression cassette is an on/off-type promoter which
is strongly induced and provides essentially no
background activity, particularly a promoter
controlling expression of a cytochrome P450
mono-oxygenase or a promoter controlling expression of
the cyp1A1 gene, which promoter is dependent on the
dose and the nature of the inducing compound or
composition, particularly a composition comprising
cigarette smoke or at least one of its constituents
such as, for example a compound selected from the
group Nicotine, poiycyclic aromatic hydrocarbons (PAH)
such as benzo(a)pyrene (BaP), and chlorinated dioxins
and furans such as tetrachiorodibenzG-p-dioxin (TCDD)
1 and beta-naphthoflavone (BNF), etc, individually or
in different combinations of one or more of said
constituents. 6. A transgenic animal according to any
of the preceding claims, wherein the tissue specific
promoter is a lung tissue-specific promoter,
particularly a promoter which controls expression of
lung tissue-specific proteins, especially proteins
that are specifically expressed a) in nonciliated
bronchia! epithelial cells (Clara cells) in
respiratory and terminal bronchioles such as, for
example, the Clara cell 10 protein, particularly the
CC10 protein promoter; b) in alveolar epithelial cells
such as, for example, the surfactant protein A/C; c)
in both type I and type Il lung epithelial ceils such
as, for example, the RAlGl7. A transgenic animal
according to any of the preceding claims, wherein the
first and the second effector polypeptide are
recombinases, particularly a Cre recombinase or an FIp
recombinase. 8. A vector molecule comprising a first
and a second expression cassette as part of the same
vector molecule, wherein said first expression
cassette comprises a polynucleotide encoding a first
effector polypeptide under the control of an inducible
promoter, which, upon induction by an inducing agent
or composition expresses a first effector polypeptide,
and said second expression cassette comprises a
polynucleotide encoding a second effector polypeptide
under the control of a tissue-specific promoter and,
optionally, a further nucleotide sequence, which
blocks expression of the second effector polypeptide
such that no expression of the effector nucleotide
occurs from this promoter in the non-induced state,
the expression of which is activated by the expression
product of the first expression cassette. 9. A vector
molecule according to claim 8 , wherein the a}
inducible promoter controlling the expression of the
effector polypeptide in the first expression cassette
is an on/off-type promoter which is strongly induced
and provides essentially no background activity,
particularly a promoter controlling expression of a
cytochrome P450 mono-oxygenase or a promoter
controliing expression of the cyp1A1 gene, which
promoter is dependent on the dose and the nature of
the inducing compound or composition, particularly a
composition comprising cigarette smoke or at least one
of its constituents such as, for example a compound
selected from the group Nicotine, polycyciic aromatic
hydrocarbons (PAH) such as benzo(a)pyrene (BaP), and
chforinated dioxins and furans such as
tetrachlorodibenzo-p-dioxin (TCDD), and
beta-naphthoflavone (BNF), etc, individually or in
different combinations of one or more of said
constituents; and b) the tissue specific promoter is a
lung tissue-specific promoter, particularly a promoter
which controls expression of lung tissue-specific
proteins, especially proteins that are specifically
expressedi. in nonciiiated bronchia! epithelial celis
(Clara ceils) in respiratory and terminai bronchioles
such as, for example, the Clara cell 10 protein,
particularly the CC10 protein promoter; it. in
alveolar epithelial cells such as, for example, the
surfactant protein A/C; iii. in both type ! and type i
! lung epithelial cells such as, for example, the
RAIGL 10. A method of producing a transgenic animal
according to any one of the preceding claims
comprising (i) transfecting a target animai with a
vector molecule according to claims 8 and 9. 11. A
method of evaluating the carcinogenic potential of an
agent or a composition in a specific tissue of an
animal when applied intermittently comprising: (i)
contacting the transgenic animal of any one of claims
1 to 7 with the agent or composition to be evaluated;
(ii) blocking or inactivating expression of a gene of
interest thus causing genetic aberrations within the
cells of a specific tissue of the animal, (iii)
identifying and determining said genetic aberrations;
(iv) comparing the number of genetically altered ceils
in a sample from the treated animal with the number of
genetically altered cells in a sample from an
untreated transgenic animal or transgenic animal
treated with a control agent, wherein the difference
in the number of transformed ceils in the treated
animal, relative to the number of transformed cells in
the absence of treatment or treatment with a control
agent, indicates the carcinogenic potential of the
test compound. 12. A method for evaluating the
reversibility of the carcinogenic process induced by
an agent or composition comprising: (i) contacting the
transgenic animal of any one of claims 1 to 7 with the
agent or composition to be evaluated intermittently
according to a defined time schedule; (ii) blocking or
inactivating expression of a gene of interest thus
causing genetic aberrations within the cells of a
specific tissue of the animal, (iii) identifying and
determining said genetic aberrations; (iv)
discontinuing contacting the transgenic animal with
the agent or composition to be evaluated, comparing
the number of genetically altered cells in a sample
from the intermittently treated animal with the number
of altered cells in a sample from a animal at a given
time after treatment had been discontinued, and (iv)
determining reversibility of the carcinogenic process.


