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(54) Title: PYRROLIDINO-1,2-DICARBOXY -1-(PHENYLAMIDE)-2-(4-(3-OXO-MORPHOLINO-4-YL)-PHENYLAMIDE)
DERIVATIVES AND RELATED COMPOUNDS FOR USE AS INHIBITORS OF COAGULATION FACTOR XA IN THE
TREATMENT OF THROMBO-EMBOLIC DISEASES

(54) Bezeichnung: PYRROLIDIN -1,2-DICARBONSAURE-1-(PHENYLAMID) -2- (4-(3-OXO-MORPHOLIN-4-YL)-PHE-
NYLAMID) DERIVATE UND VERWANDTE VERBINDUNGEN ALS INHIBITOREN DES KOAGULATIONSFAKTORS XA
ZUR BEHANDLUNG VON THROMBOEMBOLISCHEN ERKRANKUNGEN

(57) Abstract: The invention relates to the compounds of formula (I),

E R2 wherein W represents N, CR?, or a sp? hybridized C atom, E, together with

W, represents a 3- to 7-membered saturated carbocylic or heterocyclic

Rt '{ ;X—Y—‘T ring having 0 to 3 N atoms, 0 to 2 O atoms and/or 0 to 2 S atoms,

W (') which ring may contain a double bond, D represents a mononuclear

or binuclear unsubstituted aromatic carbocycle or heterocycle having

)\ 0 to 4 N atoms, O atoms and/or S atoms or being monosubstituted

— ~N or polysubstituted by Hal, A, OR3 N(R?),, NO,, CN, COOR? or

b—G" =0 CONR®),, G represents -[CRyl, [CR¥,INR>-, -[CRY,1,0-,

-[C(R*)],S- or -[C(RH=C(RH],-, X represents -[C(R*),[, CONR* [C(R*)2],-, -[C(R*),],NR*CO[C(R*); ]y, -[C(RLNR)[CR*);]r-,

-[CR*,1.0[CRH,]n-, -[CRH,].CO[CR*),],- or -[CR*),],COO[C(R*,],-, Y represents alkylene, cycloalkylene, Het-diyl or

Ar-diyl, T represents a mononuclear or binuclear saturated or unsaturated carbocycle or heterocycle having 0 to 4 N atoms, O atoms

and/or S atoms, which is monosubstituted or polysubstituted by =0, =S, =NR3, =N-CN, =N-NO,, =NOR?, =NCOR?, =NCOOR?,

=NOCOR? and which may further be monosubstituted, disubstituted or trisubstituted by R3, Hal, A,-[C(R*),],, -Ar, -[C(R*),],-het,

-[C(R%),],-cycloalkyl, OR3, N(R3),, NO,, CN, COOR?, CON(R?),, NR*COA, NR3CON(R?),, NR3SO,A, COR?, SO,NR? and/or

S(O),A, and R! and R? are defined as in claim 1. The inventive compounds inhibit coagulation factor Xa and can be used in the
prophylaxis and/or therapy of thrombo-embolic diseases and for treating tumors.

A3 | IV O 00O 0

O (57) Zusammenfassung: Verbindungen der Formel (I), worin W N, CR3, oder ein sp? hybridisiertes C-Atom, E zusammen
~f mit W einen 3- bis 7-gliedrigen gesiittigten carbocyclischen oder heterocyclischen Ring mit 0 bis 3 N-, 0 bis 2 O- und/oder
\L 0 bis 2 S-Atomen, der eine Doppelbindung enthalten kann, D einen ein- oder zwelkernigen unsubstlituierten oder ein- oder
I~ mehrfach durch Hal, A, OR3, N(R 3 ),, NO,, CN, COOR? oder CON(R?), substituierten aromatischen Carbo- oder Heterocyclus
mit 0 bis 4 N-, 0- und/oder S- Atomen, G -[C(R*),],-, -[CR*,L]I.NR3-, -[C(R*),],0-, -[CR*),].S- oder -[C(RH=C(RH],-, x
-[CR*),1,CONR[C(R*); ], -[CRHINRP]CO[C(R #); ], -[CRDLNRIC(R* )], -[CR1OICR, 1o, -[C(RH1,CO[CR, ]
oder -[C(R*),],COO[C(R*),],-, Y Alkylen, Cycloalkylen, Het-diyl, T einen ein- oder zweikernigen gesittigten oder ungesittigten
Carbo- oder Heterocyclus mit 0 bis 4 N-, O- und/oder S-Atomen, der ein- oder zweifach durch =0, =S, =NR3, =N-CN, =N-NO,,
=NOR?, =NCOR3, =NCOOR?, =NOCOR?) substituiert ist und ferner ein-, zwei- oder dreifach durch R?, Hal, A, -[C(R*),],-Ar,
J[CR*),].-Het, [C(RH),1,-Cycloalkyl, OR?, N(R?),, NO,, CN, COOR?, CON(R?),, NR*COA, NR3CON(R?),, NR3SO,A, COR?,
o SO,NR3 und/oder S(O),A substituiert sein kann, R! und R?

04/08

[Fortsetzung auf der néichsten Seite]
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Zur Erkldrung der Zweibuchstaben-Codes und der anderen Ab-
(84) Bestimmungsstaaten (soweit nicht anders angegeben, fiir  kiirzungen wird auf die Erklirungen ("Guidance Notes on Co-
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die in Patentanspruch 1 angegebene Bedeutung haben, sind Inhibitoren des Koagulationsfaktors Xa und kénnen zur Prophylaxe
und/oder Therapie von thromboembolischen Erkrankungen und zur Behandlung von Tumoren eingesetzt werden.
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Carbonyl compounds

The invention relates to compounds of the formula |

in which
R' R?

R' and R?

Py
a

2
e R
R“{ X—Y—T
W
p—6"o

are each, independently of one another, H, =O, Hal, A, ethynyl,
OR® N(R®), NO2, CN, N3, COOR® CON(R®),, {C(R*)2]+-Ar,
[C(R*)].-Het, -[C(R%),].-cycloalkyl, -OCOR®, NR’COA or
NR’SO,A,

together are alternatively a bicyclically or spirocyclically bonded
3- to 7-membered carbocyclic or heterocyclic ring having from 0
to 3N, O and/or S atoms,

is H, A, H-C=C-CH,-, CH;-C=C-CH>-, -CH,-CH(OH)-CH,0H,
-CH,-CH(OH)-CH;NH,, -CH,-CH(OH)-CHHet',

{C(RY]n-Ar', -[C(R?*))n-Het', [C(R)].-cycloalkyl,
{C(R*)21-COOA or -{C(R*)21:N(R")z,

isHorA,

is N, CR? or an sp*-hybridised carbon atom,

together with W is a 3- to 7-membered saturated carbocyclic or
heterocyclic ring having from 0 to 3 N, from 0 to 2 O and/or from
0to 2 S atoms,

which may contain a double bond,

is a monocyclic or bicyclic, aromatic carbocyclic or heterocyclic
ring having from 0 to 4 N, O and/or S atoms which is unsubsti-
tuted or monosubstituted or polysubstituted by Hal, A, OR?,
N(R?),, NO,, CN, COOR® or CON(R?),,




s
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-2-
G is {C(R)zln, -[C(R*)2INR’-, -[C(R*)2110-, {C(R")z]S- or
{C(RY=C(RY)l-,
X is {C(R*)2]nCONRC(R*)2]-, {C(R*)2l:.NR’CO[C(R*)2]s-,
5 {C(R)INRIC(R )], {C(R*):1nOIC(R el
{C(R*)22,CO[C(R*)]n- or -{C(R*)2,COO[C(R 2],
Y is alkylene, cycloalkylene, Het-diyl or Ar-diyl,
T is a monocyclic or bicyclic, saturated or unsaturated carbocyclic
0 or heterocyclic ring having from 0 to 4 N, O and/or S atoms

which is monosubstituted or disubstituted by =0, =S, =NR®,
® =N-CN, =N-NO,, =NOR?® =NCOR? =NCOOR® or =NOCOR’and
may furthermore be monosubstituted, disubstituted or trisubsti-
tuted by R®, Hal, A, -[C(R*)2]»-Ar, -[C(R*)2]--Het, [C(R*)2]n-
15 cycloalkyl, OR? N(R%), NO,, CN, COOR® CON(R®,, NR’COA,
NR’CON(R?),, NR’SO,A, COR?®, SO;NR® and/or S(O)»A,
A . is unbranched or branched alkyl having 1-10 carbon atoms in
which one or two CH, groups may be replaced by O or S atoms
20 and/or by -CH=CH- groups and/or in addition 1-7 H atoms may
be replaced by F,
Ar is phenyl, naphthyl or biphenyl, each of which is unsubstituted
or monosubstituted, disubstituted or trisubstituted by Hal, A,
® . OR®, N(R%), NO,, CN, COOR?®, CON(R®),, NR*COA,
NR’CON(R®),, NR’SO,A, COR? SO:N(R%), S(0)nA,
{C(R*)2]--COOR?® or -O[C(R*)2].-COOR’,
Ar is phenyl, naphthyl or biphenyl, each of which is unsubstituted

or monosubstituted, disubstituted or trisubstituted by Hal, A,

%0 OR* N(R%,, NO,, CN, COOR*, CON(R"),, NR‘COA,
NR‘CON(R*),, NR*SO,A, COR* SO,N(R%),, S(O).A,
-[C(R*)2]-COOR? or -O[C(R*)]-COOR*,
Het iS @ monocyclic or bicyclic, saturated, unsaturated or aromatic
35

heterocyclic ring having from 1 to 4 N, O and/or S atoms which

may be unsubstituted or monosubstituted, disubstituted or
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trisubstituted by Hal, A, {C(R*)2]-Ar, [C(R*)]s-Het', {C(R*)2}-
cycloalkyl, OR?, N(R®),, NR’*CON(R®), NO;, CN, -[C(R*)2].-
COOR?, -[C(R*),].-CON(R®),, NR’*COA, NR*SO,A, COR?
SO,NR?, S(O)nA and/or carbonyl oxygen,

Het' is @ monocyclic or bicyclic, saturated, unsaturated or aromatic
heterocyclic ring having from 1 to 4 N, O and/or S atoms which
may be unsubstituted or monosubstituted or disubstituted by
carbonyl oxygen, =S, =N(R*), Hal, A, OR*, N(R%);, NO,, CN,
COOR*, CON(R*),, NR*COA, NR*CON(R*);, NR*SO,A, COR’,
SO.NR* and/or S(O).A,

o Hal is F, Cl, Bror|,

n is0, 1or 2,
15 o is1,2or3,

and pharmaceutically usable derivatives, solvates, salts and stereo-

10

isomers thereof, including mixtures thereof in all ratios.

20 The invention had the object of finding novel compounds having valuable
properties, in particular those which can be used for the preparation of

medicaments.

} 25 It has been found that the compounds of the formula | and salts thereof
. have very valuable pharmacological properties and are well tolerated. In
particular, they exhibit factor Xa-inhibiting properties and can therefore be
employed for combating and preventing thromboembolic diseases, such
‘ 30 as thrombosis, myocardial infarction, arteriosclerosis, inflammation,
apoplexy, angina pectoris, restenosis after angioplasty and claudicatio

intermittens.

The compounds of the formula | according to the invention may further-

35 more be inhibitors of the coagulation factors factor Vlla, factor IXa and

thrombin in the blood coagulation cascade.
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According to a first aspect of the invention there is provided a compound of the

formula |

in which
D

R1

R2

R' and R?

x

-3A -

. 2'
e R
R“é X—Y—T
W
o—No0

is phenyl, pyridy! or thienyl, each of which is
monosubstituted or disubstituted by Hal,

is H, =0, COOR? OH, OA, NH,, alkyl having 1; 2, 3, 4,
S or 6 carbon atoms, Nj, ethynyl, vinyl, allyloxy, |
-OCOR? NHCOA or NHSO:A,

is H, =0, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 car-
bon atoms,

together are alternatively a spirocyclically bonded 3- to
6-membered carbocyclic ring,

isHorA,

is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxazolidine-

3,4- or 3,5-diyl, thiazolidine-3,4-diyl, 2,5-dihydro-1H-
pyrrole-1,5-diyl, 1,3-dioxolane-4,5-diyl, 1,3-oxazinane-
3,4-diyl, piperazine-1,4-diyl, tetrahydrofuran-3,4-diyl or
azetidine-1,2-diyl,

is (CH,), or (CH2)sNH-,

is CONH,

is 1,3- or 1,4-phenylene which is unsubstituted or mono-
substituted or disubstituted by methyl, trifluoromethyl,
ethyl, propyl, Cl or F,

is morpholin-4-yl which is monosubstituted or disubsti-
tuted by carbonyl oxygen,
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A is unbranched or branched alkyl having 1-10 carbon
atoms and in which 1-7 H atoms may be replaced by F,
Hal is F, Cl, Bror|,
n is0, 1o0r2;
or a pharmaceutically usable solvate, salt or stereocisomer thereof, including

mixtures thereof in all ratios.

According to a second aspect of the invention there is provided a process for the
preparation of compounds of the formula | according to the first aspect and
pharmaceutically usable solvates, salts and stereoisomers thereof, wherein
a) for the preparation of compounds of the formula | in which
W isNand
G is NH,

a compound of the formula Il

2
L
Rh{E X—Y—T
W
|

H
in which
R' R? E, X, Y and T are as defined in Claim 1,
and W is N,

is reacted with a compound of the formula il

D-N=C=0 1]

in which

D is as defined in Claim 1,
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and/or

a base or acid of the formula | is converted into one of its salts.

According to a third aspect of the invention there is provided a medicament
comprising at least one compound of the formula | according to the first aspect
and/or a pharmaceutically usable solvate, salt or stereoisomer thereof, including

mixtures thereof in all ratios, in association with an excipient and/or adjuvant.

According to a fourth aspect of the invention there is provided a medicament
comprising at least one compound of the formula | according to the first aspect
and/or a pharmaceutically usable solvate or stereoisomer thereof, including
mixtures thereof in all ratios, and at least one further medicament-active

ingredient.

According to a fifth aspect of the invention there is provided use of one or more
compounds according to the first aspect and/or physiologically acceptable
solvates, salts or stereoisomers thereof for the preparation of a medicament for
the treatment of thromboses, myocardial infarction, arteriosclerosis, inflammation,
apoplexy, angina pectoris, restenosis after angioplasty, claudicatio intermittens,
migraine, tumours, tumour diseases and/or tumour metastases.

According to a sixth aspect of the invention there is provided a kit comprising, in
separate containers:
(a) an effective amount of a compound of the formula | according to the
first aspect and/or a pharmaceutically usable solvate, salt or stereocisomer
thereof, including mixtures thereof in all ratios, and
(b)  an effective amount of a further medicament-active ingredient.

According to a seventh aspect of the invention there is provided use of one or
more compounds of the formula | according to the first aspect and/or

harmaceutically usable solvates, salts or stereoisomers thereof, including mixtures
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thereof in all ratios, for the preparation of a medicament for the treatment of
thromboses, myocardial infarction, arteriosclerosis, inflammation, apoplexy, angina
pectoris, restenosis after angioplasty, claudicatio intermittens, migraine, tumours,
tumour diseases and/or tumour metastases, in combination with at least one

further medicament-active ingredient.

According to an eighth aspect of the invention there is provided a compound
selected from the group consisting of
N-[4-(3-oxomorpholin-4-yl)phenyl]-(S)-pyrrolidine-2-carboxamide,
N-{4-(3-oxomorpholin-4-yl)phenyl]-(R)-pyrrolidine-2-carboxamide,
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-4-hydroxypyrrolidine-2-
carboxamide,
N-[4-(3-oxomorpholin4-yl)phenyl]-4-hydroxypyrrolidine-2-carboxamide,
N-[4-(3-oxomorpholin-4-yl)phenyl]}-(R)-4,4-dimethoxypyrrolidine-2-
carboxamide,
N-[4-(3-oxomorpholin-4-yl)phenyl}-(2R,4R)-4-methoxypyrrolidine-2-
carboxamide,

or an isomer or salt thereof.

According to a ninth aspect of the invention there is provided a method for the
treatment or prevention of thromboses, myocardial infarction, arteriosclerosis,
inflammation, apoplexy, angina pectoris, restenosis after angioplasty, claudicatio
intermittens, migraine, tumours, tumour diseases and/or tumour metastases,
including the step of administering to a subject in need thereof a compound of the
formula | according to the first aspect or a pharmaceutically usable solvate, salt or

stereoisomer thereof including mixtures thereof in all ratios.
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Aromatic amidine derivatives having an antithrombotic action are dis-
closed, for example, in EP 0 540 051 B1, WO 98/28269, WO 00/71508,
WO 00/71511, WO 00/71493, WO 00/71507, WO 00/71508,

WO 00/71512, WO 00/71515 and WO 00/71516. Cyclic guanidines for the
treatment of thromboembolic diseases are described, for example, in
WO 97/08165. Aromatic heterocyclic compounds having a factor Xa inhi-
bitory activity are disclosed, for example, in WO 96/10022. Substituted
N-[(aminoiminomethyl)phenylalkyl]azaheterocyclylamides as factor Xa
inhibitors are described in WO 96/40679.

Other carboxamide derivatives are disclosed in WO 02/48099 and WO
02/57236, other pyrrolidine derivatives are described in WO 02/100830.

Further heterocyclic derivatives are disclosed in WO 03/045912.

The antithrombotic and anticoagulant effect of the compounds according
to the invention is attributed to the inhibitory action against activated
coagulation protease, known by the name factor Xa, or to the inhibition of
other activated serine proteases, such as factor Vlla, factor |Xa or throm-
bin.

Factor Xa is one of the proteases involved in the complex process of blood
coagulation. Factor Xa catalyses the conversion of prothrombin into
thrombin. Thrombin cleaves fibrinogen into fibrin monomers, which, after
crosslinking, make an elementary contribution to thrombus formation. Acti-
vation of thrombin may result in the occurrence of thromboembolic dis-
eases. However, inhibition of thrombin may inhibit the fibrin formation
involved in thrombus formation.

The inhibition of thrombin can be measured, for example by the method of
G. F. Cousins et al. in Circulation 1996, 94, 1705-1712.
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Inhibition of factor Xa can thus prevent the formation of thrombin.
The compounds of the formula | according to the invention and salts
thereof engage in the blood coagulation process by inhibiting factor Xa

and thus inhibit the formation of thrombuses.

The inhibition of factor Xa by the compounds according to the invention
and the measurement of the anticoagulant and antithrombotic activity can
be determined by conventional in-vitro or in-vivo methods. A suitable
method is described, for example, by J. Hauptmann et al. in Thrombosis
and Haemostasis 1990, 63, 220-223.

The inhibition of factor Xa can be measured, for example by the method of
T. Hara et al. in Thromb. Haemostas. 1994, 71, 314-319.

Coagulation factor Vlla initiates the extrinsic part of the coagulation cas-
cade after binding to tissue factor and contributes to the activation of fac-
tor X to give factor Xa. Inhibition of factor Vlla thus prevents the formation
of factor Xa and thus subsequent thrombin formation.

The inhibition of factor Vlla by the compounds according to the invention
and the measurement of the anticoagulant and antithrombotic activity can
be determined by conventional in-vitro or in-vivo methods. A conventional
method for the measurement of the inhibition of factor Vlla is described,
for example, by H. F. Ronning et al. in Thrombosis Research 1996, 84,
73-81.

Coagulation factor I1Xa is generated in the intrinsic coagulation cascade
and is likewise involved in the activation of factor X to give factor Xa. Inhi-
bition of factor IXa can therefore prevent the formation of factor Xa in a
different way.

The inhibition of factor 1Xa by the compounds according to the invention

and the measurement of the anticoagulant and antithrombotic activity can
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be determined by conventional in-vitro or in-vivo methods. A suitable
method is described, for example, by J. Chang et al. in Journal of Biologi-
cal Chemistry 1998, 273, 12089-12094.

The compounds according to the invention may furthermore be used for
the treatment of tumours, tumour diseases and/or tumour metastases.

A correlation between tissue factor TF / factor Vlla and the development of
various types of cancer has been indicated by T.Taniguchi and
N.R.Lemoine in Biomed. Health Res. (2000), 41 (Molecular Pathogenesis
of Pancreatic Cancer), 57-59.

The publications listed below describe an antitumoural action of TF-VII
and factor Xa inhibitors of various types of tumour:

K.M. Donnelly et al. in Thromb. Haemost. 1998; 79: 1041-1047,

E.G. Fischer et al. in J. Clin. Invest. 104: 1213-1221 (1999);

B.M. Mueller et al. in J. Clin. Invest. 101: 1372-1378 (1998);

M.E. Bromberg et al. in Thromb. Haemost. 1999, 82: 88-92.

The compounds of the formula | can be employed as medicament active
ingredients in human and veterinary medicine, in particular for the treat-
ment and prevention of thromboembolic diseases, such as thrombosis,
myocardial infarction, arteriosclerosis, inflammation, apoplexy, angina
pectoris, restenosis after angioplasty, claudicatio intermittens, venous
thrombosis, pulmonary embolism, arterial thrombosis, myocardial ischae-
mia, unstable angina and strokes based on thrombosis.

The compounds according to the invention are also employed for the
treatment or prophylaxis of atherosclerotic diseases, such as coronary
arterial disease, cerebral arterial disease or peripheral arterial disease.
The compounds are also employed in combination with other thrombolytic
agents in myocardial infarction, furthermore for prophylaxis for reocclusion
after thrombolysis, percutaneous transluminal angioplasty (PTCA) and

coronary bypass operations.




10

15

20

25

30

35

WO 2004/087646 PCT/EP2004/002350

-7-

The compounds according to the invention are furthermore used for the
prevention of rethrombosis in microsurgery, furthermore as anticoagulants
in connection with artificial organs or in haemodialysis.

The compounds are furthermore used in the cleaning of catheters and
medical aids in patients in vivo, or as anticoagulants for the preservation of
blood, plasma and other blood products in vitro. The compounds according
to the invention are furthermore used for diseases in which blood coagula-
tion makes a crucial contribution toward the course of the disease or
represents a source of secondary pathology, such as, for example, in can-
cer, including metastasis, inflammatory diseases, including arthritis, and

diabetes.

The compounds according to the invention are furthermore used for the
treatment of migraine (F.Morales-Asin et al., Headache, 40, 2000, 45-47).

In the treatment of the diseases described, the compounds according to
the invention are also employed in combination with other thrombolytically
active compounds, such as, for example, with the "tissue plasminogen
activator" t-PA, modified t-PA, streptokinase or urokinase. The compounds
according to the invention are administered either at the same time as or
before or after the other substances mentioned.

Particular preference is given to simultaneous administration with aspirin
in order to prevent recurrence of the clot formation.

The compounds according to the invention are also used in combination
with blood platelet glycoprotein receptor (lib/llla) antagonists, which inhibit
blood platelet aggregation.

The invention relates to the compounds of the formula | and salts thereof
and to a process for the preparation of compounds of the formula |
according to Claims 1-16 and pharmaceutically usable derivatives, sol-

vates, salts and stereocisomers thereof, characterised in that
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a) for the preparation of compounds of the formula | in which
W is N and
G is NH,

a compound of the formula il

2
L
R! —{ X—Y—T
W
|

H
in which
R’ Rz, E, X, Yand T are as defined in Claim 1,
and Wis N,

is reacted with a compound of the formula 1l

D-N=C=0 11

in which

D is as defined in Claim 1,

or

b) for the preparation of compounds of the formula | in which
X is -[C(R*)2],CONR’[C(R%),].-,

a compound of the formula IV

HNR*{C(R*,].-Y-T \Y,
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in which R® n, Y and T are as defined in Claim 1,

is reacted with a compound of the formula V

Exc

R! -{ §~[C(R4)2]n-CO-L
w
<

D—G™ 0
in which
L is Cl, Br, | or a free or reactively functionally modified OH group, and
R', R?, R* D, E, G, W and n are as defined in Claim 1,
or

c) for the preparation of compounds of the formula | in which W is N,

a compound of the formula Il

2
e R
R**{ X—Y—T
W
|

H
in which
R' R% E, X, Y and T are as defined in Claim 1,
and Wis N,

is reacted with a compound of the formula VI
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D-G-CO-L VI

in which D and G are as defined in Claim 1, and

L is Cl, Br, | or a free or reactively functionally modified OH group,

and/or

a base or acid of the formula | is converted into one of its salts.

The invention also relates to the optically active forms (stereoisomers), the
enantiomers, the racemates, the diastereomers and the hydrates and sol-
vates of these compounds. The term “solvates of the compounds” is taken
to mean adductions of inert solvent molecules onto the compounds which
form owing to their mutual attractive force. Solvates are, for example,

mono- or dihydrates or alcoholates.

The term “pharmaceutically usable derivatives” is taken to mean, for
example, the salts of the compounds according to the invention and so-
called prodrug compounds.

The term “prodrug derivatives” is taken to mean compounds of the formula
I which have been modified with, for example, alkyl or acyl groups, sugars
or oligopeptides and which are rapidly cleaved in the organism to form the
active compounds according to the invention.

These also include biodegradable polymer derivatives of the compounds
according to the invention, as described, for example, in Int. J. Pharm.
115, 61-67 (1995).

The invention also relates to mixtures of the compounds of the formula |
according to the invention, for example mixtures of two diastereomers, for
example in the ratio 1:1, 1:2, 1:3, 1:4, 1:5, 1:10, 1:100 or 1:1000.

These are particularly preferably mixtures of stereocisomeric compounds.
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The invention also relates to pyrrolidinecarboxylic acid derivatives

selected from the group consisting of

1-N-[(4-chlorophenyl)}-2-N-[(1'-methyl-[1,4']bipiperidinyl-4-yl)]-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-[(3,4,5,6-tetrahydro-2H-[1,4']bipyridiny|-4-
y)J-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-[(3,4,5,6-tetrahydro-2H-{1,4'|bipyridinyl-4-
yh-(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide,
N-(4-chlorophenyl)-(2R,4R)-4-hydroxy-2-(4-pyridin-4-ylpiperazine-1-
carbonyl)pyrrolidine-1-carboxamide,
N-(4-chlorophenyl)-(2R,4R)-4-hydroxy-2-[4-(2-methoxyphenyl)-
piperazine-1-carbonyl]pyrrolidine-1-carboxamide,
N-(4-chlorophenyl)-(2R,4R)-2-[4-(4-fluorophenyl)piperazine-1-car-
bonyl]4-hydroxypyrrolidine-1-carboxamide,
N-(4-chlorophenyl)-(2R,4R)-4-hydroxy-2-[4-hydroxy-4-(4-methoxy-
phenyl)piperidine-1-carbonyl]pyrrolidine-1-carboxamide,
N-(4-chlorophenyl)-(2R,4R)-4-hydroxy-2-(4-pyridin-2-ylpiperazine-1-
carbonyl)pyrrolidine-1-carboxamide,
N-(4-chlorophenyl)-(2R,4R)-2-[4-(4-ethylpiperazin-1-yl)piperidine-1-
carbonyl]-4-hydroxypyrrolidine-1-carboxamide,
N-(4-chlorophenyl)-(2R,4R)-2-[4-(4,6-dimethylpyrimidin-2-yl)-
piperazine-1-carbonyl]-4-hydroxypyrrolidine-1-carboxamide,
N-(4-chlorophenyl)-(2R,4R)-4-hydroxy-2-[4-(1-methylpiperidin-4-yl)-
piperazine-1-carbonyl]pyrrolidine-1-carboxamide;
1-N-[(4-chlorophenyl)]-2-N-{[2-(2-dimethylaminoethoxy)-4-morpholin-
4-ylphenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-[(2-ethoxy-4-morpholin-4-ylphenyl)]-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-[(4-morpholin-4-yl-2-propoxyphenyl)]-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
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and pharmaceutically usable derivatives, solvates, salts and stereo-

isomers thereof, including mixtures thereof in all ratios.

The invention also relates to cyclopentanecarboxylic acid derivatives

selected from the group consisting of

N-[4-(3-oxomorpholin-4-yl)phenyl]-(rac)-2-[3-(4-chlorophenyl)-
ureido]cyclopentanecarboxamide,
N-[3-methyl-4-(3-oxomorpholin-4-yl)phenyl]-(rac)-2-[3-(4-chloro-
phenyl)ureido]cyclopentanecarboxamide,
and pharmaceutically usable derivatives, solvates, salts and stereo-

isomers thereof, including mixtures thereof in all ratios.

For all radicals which occur more than once, such as, for example, A, their

meanings are independent of one another.

Above and below, the radicals or parameters D, E, G, W, X, Y, T, R' and
R? are as defined under the formula |, unless expressly stated otherwise.

A is alkyl, is unbranched (linear) or branched, andhas 1, 2, 3, 4, 5,6, 7, 8,
9 or 10 carbon atoms. A is preferably methyl, furthermore ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl or tert-butyl, furthermore also penty!,
1-, 2- or 3-methylbutyl, 1,1-, 1,2- or 2,2-dimethylpropyl, 1-ethylpropyl,
hexyl, 1-, 2-, 3- or 4-methylpentyl, 1,1-, 1,2-, 1,3-, 2,2-, 2,3- or 3,3-di-
methylbutyl, 1- or 2-ethylbutyi, 1-ethyl-1-methylpropy!, 1-ethyl-2-methyI-
propyl, 1,1,2- or 1,2,2-trimethylpropyl, furthermore preferably, for example,
trifluoromethyl.

A is very particularly preferably alkyl having 1, 2, 3, 4, 5 or 6 carbon
atoms, preferably methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
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tert-butyl, pentyl, hexyl, trifluoromethyl, pentafluoroethyi or 1,1, 1-trifluoro-
ethyl.

Cycloalkyl is preferably cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or
cycloheptyl.
Alkylene is preferably methylene, ethylene, propylene, butylene, pentylene

or hexylene, furthermore branched alkylene.

R' and R? are each, independently of one another, preferably for example,
H, =0, COOR®, OH, OA, NH,, alky!l having 1, 2, 3, 4, 5 or 6 carbon atoms,
N, ethynyl, vinyl, allyloxy, NHCOA, NHSO.,A, OCH,COOA or OCH,COOH.

R'is preferably H, =0, COOR?, such as, for example, COOA, OH, OA,
NH., alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms, N3, ethynyl, vinyl, allyl-
oxy, -OCOR?, such as, for example, methylcarbonyloxy, NHCOA, such as,
for example, acetamino, or NHSO,A, such as, for example, methylsulfonyl-
amino; OCH,COOA, such as, for example, OCH,COOCHj3; or
OCH,COOH.

R? is preferably H, =0, OH, OA, such as, for example, methoxy, or alky!
having 1, 2, 3, 4, 5 or 6 carbon atoms.

In a further preferred embodiment,

R' is H, =0, COOR? OH, OA, NH,, alkyl having 1, 2, 3, 4, 50r 6
carbon atoms, N, ethynyl, vinyl, allyloxy, -OCOR®, NHCOA, NHSO,A,
H-C=C-CH,-, CH3-C=C-CH,-0-, -O-CH,-CH(OH)-CH,0OH, -O-CH,-CH(OH)-
CH>NH,, -O-CHz-CH(OH)-CH.Het', OCH,COOCH; or OCH,COOH;

R? is H, =0, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms;
Het' is a saturated 3-6-membered heterocyclic ring having from 1 to
3 N and/or O atoms, which may be unsubstituted or monosubstituted or
disubstituted by carbonyl oxygen, Hal, A, OH, NH;, NO,, CN, COOA or
CONH,.
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In another preferred embodiment,

R is ethynyl, vinyl, allyloxy, CH3-C=C-CH,-O-, -O-CH,-CH(OH)-
CHzOH, -O-CHz-CH(OH)-CHzNHz, -O-CHz-CH(OH)-CHzHet',
OCH,COOCH; or OCH,COOH,

R®*  isH, Aor OH,

Het' is a saturated 3-6-membered heterocyclic ring having from 1 to 3
N and/or O atoms, which may be unsubstituted or monosubstituted
or disubstituted by carbonyl oxygen, Hal, A, OH, NH;, NO,, CN,
COOA or CONH.

In a further preferred embodiment,

R is ethynyl, vinyl, allyloxy, CHs-C=C-CH,-O-, -O-CH,-CH(OH)-
CHzOH, -O-CHz-CH(OH)-CHzNHz, -O-CHz-CH(OH)-CHzHet',
OCH,COOCH; or OCH,COOH,

R*  isH, AorOH,

Het' is a saturated 3-6-membered heterocyclic ring having from 1 to 3
N and/or O atoms, which may be unsubstituted or monosubstituted
or disubstituted by carbonyl oxygen.

Het' in this connection is very particularly preferably pyrrolidine, piperidine

or oxazolidine, each of which is unsubstituted or monosubstituted by car-

bonyl oxygen.

R' and R? together are alternatively a 3- to 6-membered carbocyclic or
heterocyclic ring having from 0 to 3 N, O and/or S atoms which is spiro-

cyclically or bicyclically bonded (fused) to the

E
< > ring system. The 3- to 6-membered carbocyclic or
W

heterocyclic ring here is, for example, phenyl, cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, pyridyl, imidazolyl, piperidinyl or 1,3-dioxolany!.
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R' and R? together are in particular a 3- to 6-membered carbocyclic ring

which is spirocyclically bonded to the

E
S < > ring system. The 3- to 6-membered carbocyclic ring
w

here is preferably cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyi.

R?is preferably H or A, furthermore also phenyl, benzyl or [C(R%).].COOA,
10 such as, for example, CH,COOCH;.

R is preferably H or A, very particularly preferably H.

. COR?, COR?® and COR* are, for example, CHO or -COA.

-COA (acyl) is preferably acetyl, propionyl, furthermore also butyryl, pen-
15 tanoyl, hexanoyl or, for example, benzoyi.

Hal is preferably F, Cl or Br, but alternatively .

Ar is, for example, phenyl, o-, m- or p-tolyl, o-, m- or p-ethylphenyl, o-, m-
20 or p-propylpheny!, o-, m- or p-isopropylphenyl, o-, m- or p-tert-butylphenyl,
o-, m- or p-hydroxyphenyl, o-, m- or p-nitrophenyl, o-, m- or p-amino-
phenyl, o-, m- or p-(N-methylamino)phenyl, o-, m- or p-(N-methylamino-
carbonyl)phenyl, o-, m- or p-acetamidophenyl, 0-, m- or p-methoxyphenyl,
. o5 o-, m- or p-ethoxyphenyl, o-, m- or p-ethoxycarbonylphenyl, o-, m- or
p-(N,N-dimethylamino)phenyl, o-, m- or p-(N,N-dimethylaminocarbonyl)-
phenyl, o-, m- or p-(N-ethylamino)phenyl, o-, m- or p-(N,N-diethylamino)-
phenyl, o-, m- or p-fluorophenyl, o-, m- or p-bromophenyl, o-, m- or

p-chlorophenyl, o-, m- or p-(methylsulfonamido)phenyl, o-, m- or p-(methyl-

30 sulfonyl)phenyl, o-, m- or p-phenoxyphenyl, further preferably 2,3-, 2,4-,
2,5-, 2,6-, 3,4- or 3,5-difluorophenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-
| dichlorophenyi, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-dibromophenyl, 2,4- or
‘ 2,5-dinitrophenyl, 2,5- or 3,4-dimethoxyphenyl, 3-nitro-4-chlorophenyl,
35 3-amino-4-chloro-, 2-amino-3-chloro-, 2-amino-4-chloro-, 2-amino-5-

chloro- or 2-amino-6-chlorophenyl, 2-nitro-4-N,N-dimethylamino- or
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3-nitro-4-N,N-dimethylaminophenyl, 2,3-diaminophenyl, 2,3,4-, 2,3,5-,
2,3,6-, 2,4,6- or 3,4,5-trichlorophenyl, 2,4,6-trimethoxyphenyl, 2-hydroxy-
3,5-dichlorophenyl, p-iodophenyl, 3,6-dichloro-4-aminophenyl, 4-fluoro-3-
chlorophenyl, 2-fluoro-4-bromophenyl, 2,5-difluoro-4-bromophenyl, 3-
bromo-6-methoxyphenyl, 3-chloro-6-methoxyphenyl, 3-chloro-4-acet-
amidophenyl, 3-fluoro-4-methoxyphenyl, 3-amino-6-methylphenyl,
3-chloro-4-acetamidopheny! or 2,5-dimethyl-4-chlorophenyl.

Ar is preferably, for example, phenyl which is unsubstituted or monosubsti-
tuted, disubstituted or trisubstituted by Hal, A, OR? OR’ SO,A, COOR® or
CN.

Ar is particularly preferably, for example, phenyl which is unsubstituted or
monosubstituted or disubstituted by Hal, A, OA, phenoxy, SO.A, SO.NH,,
COOR? or CN, such as, for example, phenyl, 2-methylsulfonylphenyl,
2-aminosulfonylphenyl, phenoxyphenyl, 2-, 3- or 4-chlorophenyl, 3,4-
dichlorophenyl, 4-methylphenyl, 4-bromophenyl, 3-fluoro-4-methoxy-
phenyl, 4-trifluoromethoxyphenyl, 4-ethoxyphenyl, 2-methoxyphenyl, 3-
cyanophenyl, 4-ethoxycarbonylphenyl, methoxycarbonylphenyl, carboxy-
phenyl or aminocarbonylphenyl.

Ar is very particularly preferably unsubstituted phenyl, 4-chlorophenyl or
2-methylsulfonylphenyi.

G is particularly preferably (CH.),, (CH2),NH-, -CH=CH- or
-CH=CH-CH=CH-.

X is particularly preferably -CONH- or -CON(CH,COOA)-.

Y is preferably cycloalkylene, Het-diyl or Ar-diyl, particularly preferably
1,4-phenylene which is unsubstituted or monosubstituted or disubstituted
by A, OA, CI, F, COOCHj;, COOH, phenoxy or aminocarbonyl, furthermore
also pyridinediy|, preferably pyridine-2,5-diyl, piperidinediyl or cyclo-
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hexylene.

Y is in particular pyridinediyl, piperidinediyl, cyclohexylene, or phenylene
which is unsubstituted or monosubstituted or disubstituted by A, OA, CI, F,
COOCH,;, COOH, phenoxy or aminocarbonyl.

Het is, for example, 2- or 3-furyl, 2- or 3-thienyl, 1-, 2- or 3-pyrrolyl, 1-, 2-,
4- or 5-imidazolyl, 1-, 3-, 4- or 5-pyrazolyl, 2-, 4- or 5-oxazolyl, 3-, 4- or
5-isoxazolyl, 2-, 4- or 5-thiazolyl, 3-, 4- or 5-isothiazolyl, 2-, 3- or 4-pyridyl,
2-, 4-, 5- or 6-pyrimidinyl, furthermore preferably 1,2,3-triazol-1-, -4- or -5-
yl, 1,2,4-triazol-1-, -3- or -5-yl, 1- or 5-tetrazolyl, 1,2,3-oxadiazol-4- or -5-y|,
1,2,4-oxadiazol-3- or -5-yl, 1,3,4-thiadiazol-2- or -5-yl, 1,2,4-thiadiazol-3-
or -5-yl, 1,2 3-thiadiazol-4- or -5-yl, 3- or 4-pyridazinyl, pyrazinyl, 1-, 2-, 3-,
4-, 5-, 6- or 7-indolyl, 4- or 5-isoindolyl, 1-, 2-, 4- or 5-benzimidazolyl, 1-,
3-, 4-, 5-, 6- or 7-benzopyrazolyl, 2-, 4-, 5-, 6- or 7-benzoxazolyl, 3-, 4-, 5-,
6- or 7-benzisoxazolyl, 2-, 4-, 5-, 6- or 7-benzothiazolyl, 2-, 4-, 5-, 6- or
7-benzisothiazolyl, 4-, 5-, 6- or 7-benz-2,1,3-oxadiazolyl, 2-, 3-, 4-, 5-, 6-,
7- o'r 8-quinolyl, 1-, 3-, 4-, 5-, 6-, 7- or 8-isoquinolyl, 3-, 4-, 5-, 6-, 7- or
8-cinnolinyl, 2-, 4-, 5-, 6-, 7- or 8-quinazolinyl, 5- or 6-quinoxalinyl, 2-, 3-,
5-, 6-, 7- or 8-2H-benzo-1,4-oxazinyl, furthermore preferably 1,3-benzo-
dioxol-5-yl, 1,4-benzodioxane-6-yl, 2,1,3-benzothiadiazol-4- or -5-yl or
2,1,3-benzoxadiazol-5-yl.

The heterocyclic radicals may also be partially or fully hydrogenated.

Het can thus also be, for example, 2,3-dihydro-2-, -3-, -4- or -5-furyl, 2,5-
dihydro-2-, -3-, -4- or -5-furyl, tetrahydro-2- or -3-furyl, 1,3-dioxolan-4-yl,
tetrahydro-2- or -3-thienyl, 2,3-dihydro-1-, -2-, -3-, -4- or -5-pyrrolyl, 2,5-
dihydro-1-, -2-, -3-, -4- or -5-pyrrolyl, 1-, 2- or 3-pyrrolidinyl, tetrahydro-1-,
-2- or -4-imidazolyl, 2,3-dihydro-1-, -2-, -3-, -4- or -5-pyrazolyl, tetrahydro-
1-, -3- or -4-pyrazolyl, 1,4-dihydro-1-, -2-, -3- or -4-pyridyl, 1,2 3 4-tetra-
hydro-1-, -2-, -3-, -4-, -5- or -6-pyridyl, 1-, 2-, 3- or 4-piperidinyl, 2-, 3- or
4-morpholinyl, tetrahydro-2-, -3- or -4-pyranyl, 1,4-dioxaneyl, 1,3-dioxane-
2-, -4- or -5-yl, hexahydro-1-, -3- or -4-pyridazinyl, hexahydro-1-, -2-, -4- or
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-5-pyrimidinyl, 1-, 2- or 3-piperazinyl, 1,2,3,4-tetrahydro-1-, -2-, -3-, 4-,
-5-, -6-, -7- or -8-quinolyl, 1,2,3,4-tetrahydro-1-, -2-, -3-, -4-, -56-, 6-, -7-or
-8-isoquinolyl, 2-, 3-, 5-, 6-, 7- or 8-3,4-dihydro-2H-benzo-1,4-oxazinyl,
furthermore preferably 2,3-methylenedioxyphenyl, 3,4-methylenedioxy-
phenyl, 2 3-ethylenedioxyphenyl, 3,4-ethylenedioxyphenyl, 3,4-(difluoro-
methylenedioxy)phenyl, 2,3-dihydrobenzofuran-5- or -6-yl, 2,3-(2-oxo-
methylenedioxy)phenyl or aiternatively 3,4-dihydro-2H-1,5-benzodioxepin-
6- or -7-yl, furthermore preferably 2,3-dihydrobenzofurany! or 2,3-dihydro-

2-oxofuranyl.

Het' is preferably, for example, 2- or 3-furyl, 2- or 3-thienyl, 1-, 2- or
3-pyrrolyl, 1-, 2-, 4- or 5-imidazolyl, 1-, 3-, 4- or 5-pyrazolyl, 2-, 4- or
5-oxazolyl, 3-, 4- or 5-isoxazolyl, 2-, 4- or 5-thiazolyl, 3-, 4- or 5-iso-
thiazolyl, 2-, 3- or 4-pyridyl, 2-, 4-, 5- or 6-pyrimidinyl, furthermore
preferably 1,2,3-triazol-1-, -4- or -5-yl, 1,2,4-triazol-1-, -3- or -5-yl, 1- or
5-tetrazolyl, 1,2,3-oxadiazol-4- or -5-yl, 1,2,4-oxadiazol-3- or -5-yl, 1,3,4-
thiadiazol-2- or -5-yl, 1,2 4-thiadiazol-3- or -5-yl, 1,2,3-thiadiazol-4- or -5-
yl, 3- or 4-pyridazinyl, pyrazinyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-indolyl, 4- or
5-isoindolyl, 1-, 2-, 4- or 5-benzimidazolyl, 1-, 3-, 4-, 5-, 6- or 7-benzo-
pyrazolyl, 2-, 4-, 5-, 6- or 7-benzoxazolyl, 3-, 4-, 5-, 6- or 7-benzisoxazolyl,
2-, 4-, 5-, 6- or 7-benzothiazolyl, 2-, 4-, 5-, 6- or 7-benzisothiazolyl, 4-, 5-,
6- or 7-benz-2,1,3-oxadiazolyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-quinolyl, 1-, 3-, 4-,
5-, 6-, 7- or 8-isoquinolyl, 3-, 4-, 5-, 6-, 7- or 8-cinnolinyl, 2-, 4-, 5-, 6-, 7- or
8-quinazolinyl, 5- or 6-quinoxalinyl, 2-, 3-, 5-, 6-, 7- or 8-2H-benzo-1,4-
oxazinyl, furthermore preferably 1,3-benzodioxol-5-yl, 1,4-benzodioxane-
6-yl, 2,1,3-benzothiadiazol-4- or -5-yl or 2,1,3-benzoxadiazol-5-yl.

The heterocyclic radicals may also be partially or fully hydrogenated.

Het' can thus also be, for example, 2,3-dihydro-2-, -3-, -4- or -5-furyl, 2,5-
dihydro-2-, -3-, -4- or -5-furyl, tetrahydro-2- or -3-furyl, 1,3-dioxolan-4-yl|,
tetrahydro-2- or -3-thienyl, 2,3-dihydro-1-, -2-, -3-, -4- or -5-pyrrolyl, 2,5-
dihydro-1-, -2-, -3-, -4- or -5-pyrrolyl, 1-, 2- or 3-pyrrolidinyl, tetrahydro-1-,
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-2- or -4-imidazolyl, 2,3-dihydro-1-, -2-, -3-, -4- or -5-pyrazolyl, tetrahydro-
1-, -3- or -4-pyrazolyl, 1,4-dihydro-1-, -2-, -3- or -4-pyridyl, 1,2,3,4-tetra-
hydro-1-, -2-, -3-, -4-, -5- or -6-pyridyl, 1-, 2-, 3- or 4-piperidinyl, 2-, 3- or
4-morpholinyl, tetrahydro-2-, -3- or -4-pyranyl, 1,4-dioxaneyl, 1,3-dioxane-
2-, -4- or -5-yl, hexahydro-1-, -3- or -4-pyridazinyl, hexahydro-1-, -2-, -4- or
-5-pyrimidinyl, 1-, 2- or 3-piperazinyl, 1,2,3,4-tetrahydro-1-, -2-, -3-, -4-,
-5-, -6-, -7- or -8-quinolyl, 1,2,3,4-tetrahydro-1-, -2-, -3-, -4-, -5-, -6-, -7-or
-8-isoquinolyl, 2-, 3-, 5-, 6-, 7- or 8-3,4-dihydro-2H-benzo-1,4-oxazinyl,
furthermore preferably 2,3-methylenedioxyphenyl, 3,4-methylenedioxy-
phenyl, 2,3-ethylenedioxyphenyl, 3,4-ethylenedioxyphenyl, 3,4-(difluoro-
methylenedioxy)phenyl, 2,3-dihydrobenzofuran-5- or -6-yl, 2,3-(2-oxo-
methylenedioxy)pheny! or alternatively 3,4-dihydro-2H-1,5-benzodioxepin-
6- or -7-yl, furthermore preferably 2,3-dihydrobenzofuranyl or 2,3-dihydro-

2-oxofuranyl.

T is preferably a monocyclic or bicyclic, saturated or unsaturated hetero-
cyclic ring having 1 to 2 N and/or O atoms which is monosubstituted or
disubstituted by =0, =S, =NR? =N-CN, =N-NO., =NOR’, =NCOR?,
=NCOOR? or =NOCOR? and may furthermore be monosubstituted or
disubstituted by Hal, A or OA.

In a further embodiment, T is preferably, for example, 2-iminopiperidin-1-
yl, 2-iminopyrrolidin-1-yl, 2-imino-1H-pyridin-1-yl, 3-iminomorpholin-4-y!,
4-imino-1H-pyridin-1-yl, 2,6-diiminopiperidin-1-yl, 2-iminopiperazin-1-yl,
2 6-diiminopiperazin-1-yl, 2,5-diiminopyrrolidin-1-yl, 2-imino-1,3-oxa-
zolidin-3-yl|, 3-imino-2H-pyridazin-2-yl, 2-iminoazepan-1-yl, 2-hydroxy-6-

iminopiperazin-1-yl or 2-methoxy-6-iminopiperazin-1-yl.

T is, in particular, a monocyclic, saturated or unsaturated heterocyclic ring

having 1 to 2 N and/or O atoms which is monosubstituted or disubstituted
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by =0, =S or =NH and may furthermore be monosubstituted or disubstitu-
ted by Hal, A and/or OA.

T is particularly preferably piperidin-1-yl, pyrrolidin-1-yl, pyridin-1-yl, mor-
pholin-4-yl, piperazin-1-yl, 1,3-oxazolidin-3-yl, pyridazin-2-yl, pyrazin-1-yl,
azepan-1-yl, 2-azabicyclo[2.2.2]octan-2-yl, imidazolidinyl, thiazolyl or 1,4-
oxazepanyl, each of which is monosubstituted or disubstituted by =0 or
=NH and where the radicals may also be monosubstituted or disubstituted
by Hal, A and/or OA,

very particular preference is given to 3-oxomorpholin-4-yl.

T is furthermore preferably also 2-oxo-3-methoxy-1H-pyridin-1-yl.

D is preferably phenyl, thienyl, pyridyl, furyl, thiazolyl, pyrroly! or imida-
zolyl, each of which is monosubstituted or disubstituted by Hal, particularly
preferably phenyl, pyridyl, thienyl, furyl or imidazolyl, each of which is

monosubstituted or disubstituted by Hal.

E
The radical < > is preferably pyrrolidine-1,2-diyl, piperidine-1,2-
W

diyl, piperidine-1,3-diyl, oxazolidine-3,4- or -3,5-diyl, thiazolidine-3,4-diyl,
2,5-dihydro-1H-pyrrole-1,5-diyl, 1,3-dioxolane-4,5-diyl, 1,3-oxazinane-3,4-
diyl, piperazine-1,4-diyl, tetrahydrofuran-3,4-diyl or azetidine-1,2-diyl.

The compounds of the formula | can have one or more centres of chirality
and can therefore occur in various stereoisomeric forms. The formula |

covers all these forms.

Accordingly, the invention relates, in particular, to compounds of the for-
mula | in which at least one of the said radicals has one of the preferred

meanings indicated above. Some preferred groups of compounds can be
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expressed by the following sub-formulae la to Iw, which conform to the

formula | and in which the radicals not designated in greater detail are as

defined under the formula |, but in which

inla

inlb

inlc

inld

inle

in If

inlg

in lh

D

is a monocyclic or bicyclic, aromatic carbocyclic or
heterocyclic ring having from 0 to 4 N, O and/or S atoms
which is unsubstituted or monosubstituted or disubsti-
tuted by Hal,

is phenyl, pyridyl, thienyl, furyl or imidazolyl, each of

which is monosubstituted or disubstituted by Hal,

are each, independently of one another, H, =0, COOR?,
OH, OA, NH,, alkyl having 1, 2, 3, 4, 5 or 6 carbon
atoms, N3, ethynyl, vinyl, allyloxy, NHCOA, NHSO-A,
OCH,COOA or OCH,COOH;

is (CH2)a, (CH2)aNH-, -CH=CH- or -CH=CH-CH=CH-;

is -[C(R*)2J.CONRC(R*)2}n=;

is -CONH- or -CON(CH,COOA)-; |

is cycloalkylene, Het-diyl or Ar-diyl;

is pyridinediyl, piperidinediyl, cyclohexylene, or 1,4-
phenylene which is unsubstituted or monosubstituted or
disubstituted by A, OA, CI, F, COOCH;, COOH,

phenoxy or aminocarbonyl;
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inlh T is a monocyclic, saturated or unsaturated heterocyclic
ring having 1 to 2 N and/or O atoms which is monosub-
stituted or disubstituted by =0, =S or =NH and may be
monosubstituted or disubstituted by Hal, A and/or OA,;

inlj T is piperidin-1-y|, pyrrolidin-1-yl, pyridin-1-yl, morpholin-
4-yl, piperazin-1-yl, 1,3-oxazolidin-3-yl, pyridazin-2-yl,
pyrazin-1-yl, azepan-1-yl, 2-azabicyclo[2.2.2]octan-2-yl,
10 imidazolidinyl, thiazolyl or 1,4-oxazepanyl, each of
. which is monosubstituted or disubstituted by =O or =NH
and where the radicals may also be monosubstituted or
disubstituted by Hal, A and/or OA,
15
in Ik Ar is phenyl which is unsubstituted or monosubstituted or
disubstituted by Hal, A, OA, SO,A, COOR?, SO,NH,,
CN, COOA, COOH or phenoxy;
20
in il D is @ monocyclic or bicyclic, aromatic carbocyclic or
heterocyclic ring having from O to 4 N, O and/or S atoms
which is unsubstituted or monosubstituted or disubsti-
® tuted by Hal, |
R', R? are each, independently of one another, H, =0, COOR?, |
OH, OA, NH,, alkyl having 1, 2, 3, 4, 5 or 6 carbon |
atoms, N3, ethynyl, vinyl, allyloxy, NHCOA, NHSO,A,
OCH,COOA or OCH,COOH, ‘

%0 R'and R? together are alternatively a spirocyclically bonded 1
3- to 6-membered carbocyclic ring,
R® is H, A, phenyl, benzyl or [C(R*),],COOA,
R* is HorA,
35

W is N, CR® or an sp*-hybridised carbon atom,
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together with W is a 3- to 7-membered saturated carbo-
cyclic or heterocyclic ring having from 0 to 3 N, from O
to 2 O and/or from O to 2 S atoms,

which may contain a double bond,

is (CH2)n, (CH2)aNH-, -CH=CH- or -CH=CH-CH=CH-,

is -{C(R*)21.CONRC(R)z].,

is cycloalkylene, Het-diyl or Ar-diyl,

is phenyl which is unsubstituted or monosubstituted or
disubstituted by Hal, A, OA, SO,A, COOR?, SO;NH;,
CN, COOA, COOH or phenoxy,

is @ monocyclic, saturated or unsaturated heterocyclic
ring having 1 to 2 N and/or O atoms which is monosub-
stituted or disubstituted by =0, =S or =NH and may be
monosubstituted or disubstituted by Hal, A and/or OA,
is unbranched or branched alkyl having 1-10 carbon
atoms and in which 1-7 H atoms may be replaced by F,
isF, Cl, Brorl,

is0,1or2;

is phenyl, pyridyi, thienyl, furyl or imidazoly|, each of
which is monosubstituted or disubstituted by Hal,

are each, independently of one another, H, =0, COOR?,
OH, OA, NH., alkyl having 1, 2, 3, 4, 5 or 6 carbon
atoms, Ns, ethynyl, vinyl, allyloxy, NHCOA, NHSO-A,
OCH,COOA or OCH,COOH,

R' and R? together are alternatively a spirocyclically bonded

R
R?
W

3- to 6-membered carbocyclic ring,

is H, A or CH,COOA,

is HorA,

is N, CR® or an sp*-hybridised carbon atom,
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E together with W is a 3- to 7-membered saturated carbo-
cyclic or heterocyclic ring having from 0 to 3 N, from O
to 2 O and/or from O to 2 S atoms,
which may contain a double bond,

G is (CHa)a, (CH2)oNH-, -CH=CH- or -CH=CH-CH=CH-,

is -CONH- or -CON(CH,COOA)-,

Y is pyridinediyl, piperidinediyl, cyclohexylene, or

x

PCT/EP2004/002350

phenylene which is unsubstituted or monosubstituted or

disubstituted by A, OA, Cl, F, COOCHs, COOH,
phenoxy or aminocarbonyl,

T is piperidin-1-yl, pyrrolidin-1-yl, pyridin-1-yl, morpholin-
4-y|, piperazin-1-yl, 1,3-oxazolidin-3-yl, pyridazin-2-yl,
pyrazin-1-yl, azepan-1-yl, 2-azabicyclo[2.2.2]octan-2-yl,
imidazolidinyl, thiazolyl or 1,4-oxazepanyl, each of
which is monosubstituted or disubstituted by =O or =NH
and where the radicals may also be monosubstituted or
disubstituted by Hal, A and/or OA

A is unbranched or branched alkyl having 1-10 carbon
atoms and in which 1-7 H atoms may be replaced by F,

Hal isF, Cl, Brorl,

n is0O,1or2;

D is phenyl, pyridy! or thienyl, each of which is
monosubstituted or disubstituted by Hal,

R’ is H, =0, COOR®, OH, OA, NH,, alkyl having 1, 2, 3, 4,
5 or 6 carbon atoms, Nj, ethynyl, vinyl, allyloxy,
-OCOR® NHCOA or NHSOA,

R? is H, =0, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 car-
bon atoms,

R'and R?* together are alternatively a spirocyclically bonded

3- to 6-membered carbocyclic ring,
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isHorA,
isHorA,

is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxazolidine-

3,4- or 3,5-diyl, thiazolidine-3,4-diyl, 2,5-dihydro-1H-
pyrrole-1,5-diyl, 1,3-dioxolane-4,5-diyl, 1,3-oxazinane-
3,4-diyl, piperazine-1,4-diyl, tetrahydrofuran-3,4-diyl or
azetidine-1,2-diyl,

is (CHz)n or (CH2),NH-,

is CONH,

is 1,3- or 1,4-phenyiene which is unsubstituted or mono-
substituted or disubstituted by methyi, trifluoromethyl,
ethyl, propyl, Cl or F,

is piperidin-1-yl, pyrrolidin-1-yl, 1H-pyridin-1-yl, mor-
pholin4-y|, piperazin-1-yl, 1,3-oxazolidin-3-yl, 2H-pyri-
dazin-2-yl, pyrazin-1-yl, azepan-1-yl or 2-azabicyclo-
[2.2.2]octan-2-yl, each of which is monosubstituted or
disubstituted by carbonyl oxygen,

is unbranched or branched alkyl having 1-10 carbon
atoms and in which 1-7 H atoms may be replaced by F,
isF,Cl, Brorl,

is0,1o0r2,

is phenyl, pyridyl or thienyl, each of which is
monosubstituted or disubstituted by Hal,

is H, =0, COOR?® OH, OA, NH,, alkyl having 1, 2, 3, 4,
5 or 6 carbon atoms, Nj, ethynyl, vinyl, allyloxy,
-OCOR® NHCOA or NHSO>A,

is H, =0, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 car-

bon atoms,
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R'and R? together are alternatively a spirocyclically bonded

®

W

x

Hal

3- to 6-membered carbocyclic ring,
isHorA,
is Hor A,

is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxazolidine-

3,4- or 3,5-diyl, thiazolidine-3,4-diyl, 2,5-dihydro-1H-
pyrrole-1,5-diyl, 1,3-dioxolane-4,5-diyl, 1,3-oxazinane-
3,4-diyl, piperazine-1,4-diyl, tetrahydrofuran-3,4-diyl or
azetidine-1,2-diyl,

is (CH2), or (CH2),NH-,

is CONH,

is 1,3- or 1,4-phenylene which is unsubstituted or mono-
substituted or disubstituted by methyl, trifluoromethyl,
ethyl, propyl, Cl or F,

is morpholin-4-yl which is monosubstituted or disubsti-
tuted by carbony! oxygen,

is unbranched or branched alkyl having 1-10 carbon
atoms and in which 1-7 H atoms may be replaced by F,
isF, Cl, Brorl,

is0,1o0r2,

is -[C(R*)2].,CONR’[C(R*)2).- or -[C(R*)2].CO[C(R*)2)n-;
is CONH or COCH,,

IS phenyl, pyridyl or thienyl, each of which is

monosubstituted or disubstituted by Hal,
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is H =0, COOR® OH, OA, NH,, alkyl having 1, 2, 3, 4,
5 or 6 carbon atoms, N3, ethynyl, vinyl, allyloxy,
-OCOR?®, NHCOA or NHSO:A,

is H, =0, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 car-

bon atoms,

R'and R? together are alternatively a spirocyclically bonded

®

w

x

Hal

D

3- to 6-membered carbocyclic ring,
is HorA,
isHorA,

is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxazolidine-

3,4- or 3,5-diyl, thiazolidine-3,4-diyl, 2,5-dihydro-1H-
pyrrole-1,5-diyl, 1,3-dioxolane-4,5-diyl, 1,3-oxazinane-
3,4-diyl, piperazine-1,4-diyl, tetrahydrofuran-3,4-diy| or
azetidine-1,2-diyl,

is (CHy)n or (CH2)NH-,

is CONH or COCH,,

is 1,3- or 1,4-phenylene which is unsubstituted or mono-
substituted or disubstituted by methyl|, trifluoromethyl,
ethyl, propyl, Cl or F,

is morpholin-4-yl which is monosubstituted or disubsti-
tuted by carbonyl oxygen,

is unbranched or branched alkyl having 1-10 carbon
atoms and in which 1-7 H atoms may be replaced by F,
isF, Cl, Bror,

is0, 1o0r2,

is @ monocyclic or bicyclic, aromatic carbocyclic or

heteracyclic ring having from 0 to 4 N, O and/or S atoms
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which is unsubstituted or monosubstituted or disubsti-

tuted by Hal,

R' R? are each, independently of one another, H, =0, COOR?,

OH, OA, NH,, alkyl having 1, 2, 3, 4, 5 or 6 carbon
atoms, N, ethynyl, vinyl, allyloxy, -OCOR®, NHCOA or
NHSOA,

R'and R? together are alternatively a spirocyclically bonded

R3
R4

m

x

Ar

Hal

D

3- to 6-membered carbocyclic ring,

is Hor A,

is Hor A,

is N, CR® or an sp*-hybridised carbon atom,

together with W is a 3- to 7-membered saturated carbo-
cyclic or heterocyclic ring having from 0 to 3 N, from O
to 2 O and/or from 0 to 2 S atoms,

which may contain a double bond,

is (CHy), or (CH3),NH-,

is {C(R*2J\CONR’[C(R*)2]»- or {C(R*)2).CO[C(R*)2)-,
is Ar-diyl,

is phenyl which is unsubstituted or monosubstituted or
disubstituted by Hal, A, OA, SO.A, COOR?, SO,NH, or
CN,

is morpholin-4-yl which is monosubstituted or disubsti-
tuted by carbonyl oxygen,

is unbranched or branched alkyl having 1-10 carbon
atoms and in which 1-7 H atoms may be replaced by F,
isF,Cl, Brorl,

is0,1o0r2,

is phenyl, pyridy! or thienyl, each of which is

monosubstituted or disubstituted by Hal,
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is H, =0, COOR®, OH, OA, NH,, alkyl having 1, 2, 3, 4,
5 or 6 carbon atoms, N3, ethynyl, vinyl, allyloxy,
-OCOR? NHCOA, NHSO:A, CH;-C=C-CH,-O-,
-0-CH,-CH(OH)-CH;0H, -O-CH,-CH(OH)-CH2NH, or
-O-CH,-CH(OH)-CH,Het',

is H, =0, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 car-

bon atoms,

R'and R* together are alternatively a spirocyclically bonded

®

W

P

Het'

3- to 6-membered carbocyclic ring,
isHorA,
isHorA,

is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxazolidine-

3,4- or 3,5-diyl, thiazolidine-3,4-diyl, 2,5-dihydro-1H-
pyrrole-1,5-diyl, 1,3-dioxolane-4,5-diyl, 1,3-0xazinane-
3,4-diyl, piperazine-1,4-diyl, tetrahydrofuran-3,4-diyl or
azetidine-1,2-diyl,

is (CHy), or (CH2)sNH-,

is CONH or COCH,,

is 1,3- or 1,4-phenylene which is unsubstituted or mono-
substituted or disubstituted by methyl, trifluoromethy!,
ethyl, propyl, Cl or F,

is morpholin-4-yl which is monosubstituted or disubstitu-
ted by carbonyl oxygen,

is a saturated 3-6-membered heterocyclic ring having
from 1 to 3 N and/or O atoms, which may be unsubstitu-
ted or monosubstituted or disubstituted by carbonyl
oxygen, Hal, A, OH, NH;, NO;, CN, COOA or CONH,,

is unbranched or branched alkyl having 1-10 carbon

atoms and in which 1-7 H atoms may be replaced by F,
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is F, Cl, Brorl,
is0, 1o0r2;

is phenyl, pyridyl or thienyl, each of which is mono-
substituted or disubstituted by Hal,

is H, =0, COOR®, OH, OA, NH,, alkyl having 1, 2, 3, 4,
5 or 6 carbon atoms, N3, ethynyl, vinyl, allyloxy,
-OCOR® NHCOA, NHSOA, H-C=C-CH,-, CH5-C=C-
CH,-0-, -O-CH,-CH(OH)-CH0H,
-0-CH,-CH(OH)-CH;NH; or -O-CH,-CH(OH)-CHHet',
is H, =0, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 car-

bon atoms,

R'and R? together are alternatively a spirocyclically bonded

R3
R4

()

W

x

3- to 6-membered carbocyclic ring,
is Hor A,
isHorA,

is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxazolidine-

3,4- or 3,5-diyl, thiazolidine-3,4-diyl, 2,5-dihydro-1H-
pyrrole-1,5-diyl, 1,3-dioxolane-4,5-diyl, 1,3-oxazinane-
3,4-diyl, piperazine-1,4-diyl, tetrahydrofuran-3,4-diyl or
azetidine-1,2-diyl,

is (CHz)s or (CHz)nNH-,

is CONH, COCH,, CO or COO,

is 1,3- or 1,4-phenylene which is unsubstituted or mono-
substituted or disubstituted by methy|, trifluoromethyl,
ethyl, propyl, Cl or F,

is morpholin-4-yl which is monosubstituted or disubstitu-

ted by carbonyl oxygen,
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is a saturated 3-6-membered heterocyclic ring having
from 1 to 3 N and/or O atoms, which may be unsubstitu-
ted or monosubstituted or disubstituted by carbonyi
oxygen, Hal, A, OH, NH;, NO,, CN, COOA or CONH,,
is unbranched or branched alkyl having 1-10 carbon
atoms and in which 1-7 H atoms may be replaced by F,
is F, Cl, Brorl,

is0, 1or2;

is phenyl, pyridyl or thienyl, each of which is mono-
substituted or disubstituted by Hal,

is ethynyl, vinyl, allyloxy, CH3-C=C-CH,-O-,
-0-CH,-CH(OH)-CH,0H, -O-CH,-CH(OH)-CH,NH, or
-0-CH>-CH(OH)-CH.Het',

is H or OH,

R'and R?  together are alternatively a spirocyclically bonded

R3
R4

O

W

x

3- to 6-membered carbocyclic ring,
isHorA,
is Hor A,

is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxazolidine-

3,4- or 3,5-diyl, thiazolidine-3,4-diy|, 2,5-dihydro-1H-
pyrrole-1,5-diyl, 1,3-dioxolane-4,5-diyl, 1,3-oxazinane-
3,4-diyl, piperazine-1,4-diyl|, tetrahydrofuran-3,4-diyl or
azetidine-1,2-diyl,

is (CH), or (CH2),NH-,

is CONH, CO, COO or COCH;,

is 1,3- or 1,4-phenylene which is unsubstituted or mono-
substituted or disubstituted by methyl, trifluoromethyl,
ethyl, propyl, Cl or F,
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T is piperidin-1-yl, pyrrolidin-1-yl, 1H-pyridin-1-yl, mor-
pholin-4-yl, piperazin-1-yl, 1,3-oxazolidin-3-yl, 2H-pyri-
dazin-2-yl, pyrazin-1-yl, azepan-1-yl or 2-azabicyclo-
[2.2.2]octan-2-yl, each of which is monosubstituted or
disubstituted by carbonyl oxygen or OA,

Het' is a saturated 3-6-membered heterocyclic ring having
from 1 to 3 N and/or O atoms, which may be unsubstitu-
ted or monosubstituted or disubstituted by carbony!l

10 oxygen, Hal, A, OH, NH;, NO,, CN, COOA or CONH.,
. A is unbranched or branched alkyl having 1-10 carbon

" atoms and in which 1-7 H atoms may be replaced by F,

Hal is F, Cl, Bror |,

|

15 n is0O, 1or2;

in lw D is phenyl, pyridyl, thienyl, furyl or imidazolyl, each of
which is monosubstituted or disubstituted by Hal,
20 R’ is H, =0, COOR?®, OH, OA, NH,, alkyl having 1, 2, 3, 4,

5 or 6 carbon atoms, N3, ethynyl, vinyl, allyloxy,
NHCOA, NHSO,A, OCH,COOA or OCH,COOH,

R? is H, =0, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 car-

. o5 bon atoms,

R'and R?* together are alternatively a spirocyclically bonded
3- to 6-membered carbocyclic ring,

R® is HorA,

R* is Hor A,

30
< : > is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxa-
W |
zolidine-3,4- or 3,5-diyl, thiazolidine-3,4-diyl, 2,5- \
35 dihydro-1H-pyrrole-1,5-diyl, 1,3-dioxolane-4,5-diyl, 1,3- ‘
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oxazinane-3,4-diyl, piperazine-1,4-diyl, tetrahydrofuran-
3,4-diyl or azetidine-1,2-diyl,
G is (CHa)n, (CH2)oNH-, -CH=CH- or -CH=CH-CH=CH-,

X is CONH, COCH, or -CON(CH,COOA)-,

Y is pyridinediyl, piperidinediyl, cyclohexylene, or
phenylene which is unsubstituted or monosubstituted or
disubstituted by A, OA, CI, F, COOCHs3, COOH,
phenoxy or aminocarbonyl,

T is morpholin-4-yl which is monosubstituted or disubstitu-
ted by carbonyl oxygen,

A is unbranched or branched alkyl having 1-10 carbon

atoms and in which 1-7 H atoms may be replaced by F,
Hal isF, Cl, Brorl,
n is0, 1o0r2;

and pharmaceutically usable derivatives, solvates, salts and stereo-

isomers thereof, including mixtures thereof in all ratios.

The compounds of the formula | and also the starting materials for the
preparation thereof are, in addition, prepared by methods known per se,
as described in the literature (for example in the standard works, such as
Houben-Weyl, Methoden der organischen Chemie [Methods of Organic
Chemistry], Georg-Thieme-Verlag, Stuttgart), to be precise under reaction
conditions which are known and suitable for the said reactions. Use can
also be made here of variants which are known per se, but are not men-

tioned here in greater detail.

If desired, the starting materials can also be formed in situ so that they are
not isolated from the reaction mixture, but instead are immediately con-

verted further into the compounds of the formula I.
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The starting compounds of the formulae I, lil, 1V, V and VI are generally
known. If they are novel, they can, however, be prepared by methods

known per se.

Compounds of the formula | can preferably be obtained by reacting com-

pounds of the formula 1l with compounds of the formula Ill.

The reaction is generally carried out in an inert solvent, in the presence of
an acid-binding agent, preferably an alkali or alkaline earth metal hydrox-
ide, carbonate or bicarbonate or another salt of a weak acid of the alkali or
alkaline earth metals, preferably of potassium, sodium, calcium or cae-
sium. It may also be favourable to add an organic base, such as triethyl-
amine, dimethylaniline, pyridine or quinoline, or of an excess of the phenol
component of the formula Hl or of the alkylation derivative of the formula Iil.
Depending on the conditions used, the reaction time is between a few
minutes and 14 days, and the reaction temperature is between about 0°
and 150°, normally between 20° and 130°.

Examples of suitable inert solvents are hydrocarbons, such as hexane,
petroleum ether, benzene, toluene or xylene; chlorinated hydrocarbons,
such as trichloroethylene, 1,2-dichloroethane, tetrachloromethane, chloro-
form or dichioromethane; alcohols, such as methanol, ethanol, isopropa-
nol, n-propanol, n-butanol or tert-butanol; ethers, such as diethyl ether,
diisopropyl ether, tetrahydrofuran (THF) or dioxanee; glycol ethers, such
as ethylene glycol monomethyl or monoethyl ether or ethylene glycol
dimethyl ether (diglyme); ketones, such as acetone or butanone; amides,
such as acetamide, dimethylacetamide or dimethylformamide (DMF);
nitriles, such as acetonitrile; sulfoxides, such as dimethyl sulfoxide
(DMSO); carbon disulfide; carboxylic acids, such as formic acid or acetic
acid; nitro compounds, such as nitromethane or nitrobenzene; esters, such

as ethyl acetate, or mixtures of the said solvents.
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Compounds of the formula | can furthermore preferably be obtained by
reacting compounds of the formula IV with compounds of the formula V.
The reaction is generally carried out in an inert solvent and under condi-
tions as indicated above.

In the compounds of the formula V, L is preferably Cl, Br, | or a free or
reactively modified OH group, such as, for example, an activated ester, an
imidazolide or alkylsulfonyloxy having 1-6 carbon atoms (preferably
methylsulfonyloxy or trifluoromethylsulfonyloxy) or arylsulfonyloxy having
6-10 carbon atoms (preferably phenyl- or p—tolyisulfonyloxy).

Radicals of this type for activation of the carboxyl group in typical acylation
reactions are described in the literature (for example in the standard
works, such as Houben-Weyl, Methoden der organischen Chemie
[Methods of Organic Chemistry], Georg-Thieme-Verlag, Stuttgart;).
Activated esters are advantageously formed in situ, for example through

addition of HOBt or N-hydroxysuccinimide.

The reaction is generally carried out in an inert solvent, in the presence of
an acid-binding agent, preferably an organic base, such as DIPEA, tri-
ethylamine, dimethylaniline, pyridine or quinoline, or an excess of the
carboxyl component of the formula V.

it may also be favourable to add an alkali or alkaline earth metal hydrox-
ide, carbonate or bicarbonate or another salt of a weak acid of the alkali or
alkaline earth metals, preferably of potassium, sodium, calcium or
caesium.

Depending on the conditions used, the reaction time is between a few
minutes and 14 days, and the reaction temperature is between about -30°
and 140°, normally between -10° and 90°, in particular between about 0°
and about 70°.

Suitable inert solvents are those mentioned above.
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Compounds of the formula | can furthermore preferably be obtained by
reacting compounds of the formula Il with compounds of the formula VI.
The reaction is generally carried out in an inert solvent and under condi-
tions as indicated above.

In the compounds of the formula VI, L is preferably CI, Br, | or a free or
reactively modified OH group, such as, for example, an activated ester, an
imidazolide or alkylsulfonyloxy having 1-6 carbon atoms (preferably
methylsulfonyloxy or trifluoromethylsulfonyloxy) or arylsuifonyloxy having
6-10 carbon atoms (preferably phenyl- or p-tolylsulfonyloxy).

Compounds of the formula | can furthermore preferably be obtained by
reacting a compound of the formula D-NH;, in which D is as defined in
Claim 1, with a chloroformate derivative, for example 4-nitrophenyi chloro-
formate, to give a carbamate intermediate, and subsequently reacting this
with a compound of the formula il.

This is carried out under conditions as described above.

Compounds of the formula | can furthermore be obtained by liberating
compounds of the formula | from one of their functional derivatives by

treatment with a solvolysing or hydrogenolysing agent.

Preferred starting materials for the solvolysis or hydrogenolysis are those
which conform to the formula I, but contain corresponding protected amino
and/or hydroxyl groups instead of one or more free amino and/or hydroxy!
groups, preferably those which carry an amino-protecting group instead of
an H atom bonded to an N atom, in particular those which carry an R'-N
group, in which R’ is an amino-protecting group, instead of an HN group,
and/or those which carry a hydroxyl-protecting group instead of the H atom
of a hydroxyl group, for example those which conform to the formula I, but
carry a -COOR” group, in which R” is a hydroxyl-protecting group, instead
of a -COOH group.
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It is also possible for a plurality of — identical or different — protected amino
and/or hydroxyl groups to be present in the molecule of the starting mate-
rial. If the protecting groups present are different from one another, they

can in many cases be cleaved off selectively.

The term “amino-protecting group” is known in general terms and relates
to groups which are suitable for protecting (blocking) an amino group
against chemical reactions, but which are easy to remove after the desired
chemical reaction has been carried out elsewhere in the molecule. Typical
of such groups are, in particular, unsubstituted or substituted acyl, aryl,
aralkoxymethyl or aralkyl groups. Since the amino-protecting groups are
removed after the desired reaction (or reaction sequence), their type and
size are furthermore not crucial; however, preference is given to those
having 1-20, in particular 1-8, carbon atoms. The term “acyl group” is to be
understood in the broadest sense in connection with the present process.
It includes acyl groups derived from aliphatic, araliphatic, aromatic or
heterocyclic carboxylic acids or sulfonic acids, and, in particular, alkoxy-
carbonyl, aryloxycarbonyl and especially aralkoxycarbonyl groups. Exam-
ples of such acyl groups are alkanoyl, such as acetyl, propionyl and
butyryl; aralkanoyl, such as phenylacetyl; aroyl, such as benzoyl and tolyl;
aryloxyalkanoyl, such as POA, alkoxycarbonyl, such as methoxycarbonyl,
ethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl, BOC (tert-butoxycarbonyl)
and 2-iodoethoxycarbonyl; aralkoxycarbony!, such as CBZ ("carbo-
benzoxy"), 4-methoxybenzyloxycarbonyl and FMOC; and arylsulfonyl,
such as Mtr. Preferred amino-protecting groups are BOC and Mtr, further-

more CBZ, Fmoc, benzyl and acetyl.

The term “hydroxyl-protecting group” is likewise known in general terms
and relates to groups which are suitable for protecting a hydroxyl group

against chemical reactions, but are easy to remove after the desired
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chemical reaction has been carried out elsewhere in the molecule. Typical
of such groups are the above-mentioned unsubstituted or substituted aryl,
aralkyl or acyl groups, furthermore also alkyl groups. The nature and size
of the hydroxyl-protecting groups are not crucial since they are removed
again after the desired chemical reaction or reaction sequence, preference
is given to groups having 1-20, in particular 1-10, carbon atoms. Examples
of hydroxyl-protecting groups are, inter alia, benzyl, 4-methoxybenzyl,
p-nitrobenzoyl, p-toluenesulfonyl, tert-butyl and acetyl, where benzyl and

tert-butyl are particularly preferred.

The compounds of the formula | are liberated from their functional deriva-
tives — depending on the protecting group used — for example using strong
acids, advantageously using TFA or perchloric acid, but also using other
strong inorganic acids, such as hydrochloric acid or sulfuric acid, strong
organic carboxylic acids, such as trichloroacetic acid, or sulfonic acids,
such as benzene- or p-toluenesulfonic acid. The presence of an additional
inert solvent is possible, but is not always necessary. Suitable inert sol-
vents are preferably organic, for example carboxylic acids, such as acetic
acid, ethers, such as tetrahydrofuran or dioxanee, amides, such as DMF,
halogenated hydrocarbons, such as dichloromethane, furthermore also
alcohols, such as methanol, ethanol or isopropanol, and water. Mixtures of
the above-mentioned solvents are furthermore suitable. TFA is preferably
used in excess without addition of a further solvent, and perchloric acid is
preferably used in the form of a mixture of acetic acid and 70% perchloric
acid in the ratio 9:1. The reaction temperatures for the cleavage are
advantageously between about 0 and about 50°, preferably between 15

and 30° (room temperature).

The BOC, OBut and Mtr groups can, for example, preferably be cleaved
off using TFA in dichloromethane or using approximately 3 to 5N HCI in

dioxanee at 15-30°, and the FMOC group can be cleaved off using an



10

15

20

25

30

35

WO 2004/087646 PCT/EP2004/002350

-39-

approximately 5 to 50% solution of dimethylamine, diethylamine or
piperidine in DMF at 15-30°.

Protecting groups which can be removed hydrogenolytically (for example
CBZ, benzyl or the liberation of the amidino group from the oxadiazole

derivative thereof) can be cleaved off, for example, by treatment with

hydrogen in the presence of a catalyst (for example a noble-metal catalyst, ‘

such as palladium, advantageously on a support, such as carbon). Suit-
able solvents here are those indicated above, in particular, for example,
alcohols, such as methanol or ethanol, or amides, such as DMF. The
hydrogenolysis is generally carried out at temperatures between about O
and 100° and pressures between about 1 and 200 bar, preferably at
20-30° and 1-10 bar. Hydrogenolysis of the CBZ group succeeds well, for
example, on 5 to 10% Pd/C in methanol or using ammonium formate
(instead of hydrogen) on Pd/C in methanol/DMF at 20-30°.

Examples of suitable inert solvents are hydrocarbons, such as hexane,
petroleum ether, benzene, toluene or xylene; chlorinated hydrocarbons,
such as trichloroethylene, 1,2-dichloroethane, tetrachloromethane, tri-
fluoromethylbenzene, chloroform or dichloromethane; alcohols, such as
methanol, ethanol, isopropanol, n-propanol, n-butanol or tert-butanol;
ethers, such as diethyl ether, diisopropyl ether, tetrahydrofuran (THF) or
dioxanee; glycol ethers, such as ethylene glycol monomethyl or monoethyl
ether or ethylene glycol dimethyl ether (diglyme); ketones, such as ace-
tone or butanone; amides, such as acetamide, dimethylacetamide, N-
methylpyrrolidone (NMP) or dimethylformamide (DMF); nitriles, such as
acetonitrile; sulfoxides, such as dimethy! sulfoxide (DMSO); carbon disul-
fide; carboxylié acids, such as formic acid or acetic acid; nitro compounds,
such as nitromethane or nitrobenzene; esters, such as ethyl acetate, or

mixtures of the said solvents.
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Esters can be saponified, for example, using acetic acid or using NaOH or
KOH in water, water/THF or water/dioxanee, at temperatures between 0
and 100°.

Free amino groups can furthermore be acylated in a conventional manner
using an acid chloride or anhydride or alkylated using an unsubstituted or
substituted alkyl halide or reacted with CH;-C(=NH)-OEt, advantageously
in an inert solvent, such as dichloromethane or THF and/or in the pres-
ence of a base, such as triethylamine or pyridine, at temperatures between
-60 and +30°.

A base of the formula | can be converted into the associated acid-addition
salt using an acid, for example by reaction of equivalent amounts of the
base and the acid in an inert solvent, such as ethanol, followed by evapo-
ration. Suitable acids for this reaction are, in particular, those which give
physiologically acceptable salts. Thus, it is possible to use inorganic acids,
for example sulfuric acid, nitric acid, hydrohalic acids, such as hydrochloric
acid or hydrobromic acid, phosphoric acids, such as orthophosphoric acid,
or sulfamic acid, furthermore organic acids, in particular aliphatic, alicyclic,
araliphatic, aromatic or heterocyclic monobasic or polybasic carboxylic,
sulfonic or sulfuric acids, for example formic acid, acetic acid, propionic
acid, pivalic acid, diethylacetic acid, malonic acid, succinic acid, pimelic
acid, fumaric acid, maleic acid, lactic acid, tartaric acid, malic acid, citric
acid, gluconic acid, ascorbic acid, nicotinic acid, isonicotinic acid, meth-
ane- or ethanesulfonic acid, ethanedisulfonic acid, 2-hydroxyethane-
sulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, naphthalene-
mono- and -disulfonic acids, and laurylsulfuric acid. Salts with physiologi-
cally unacceptable acids, for example picrates, can be used for the isola-

tion and/or purification of the compounds of the formula |.
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On the other hand, compounds of the formula | can be converted into the

corresponding metal salts, in particular alkali metal or alkaline earth metal

salts, or into the corresponding ammonium salts using bases (for example

sodium hydroxide, potassium hydroxide, sodium carbonate or potassium

carbonate). It is also possible to use physiologically acceptable organic

bases, such as, for example, ethanolamine.

The invention also relates to the intermediate compounds of the formula

-1

in which

R1

Hal

n

2
£ R
R“{ X
W
o6 No

is phenyl, pyridyl, thienyl, furyl or imidazolyl, each of which
is monosubstituted or disubstituted by Hal,

is H, OH, OA, alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms
or ethynyl,

is H, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 carbon

atoms,

is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxazolidine-3,4-

or 3,5-diyl,

is (CHz)n, (CH2)sNH-, -CH=CH- or -CH=CH-CH=CH-;
is COOH,

is alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms,

isF, Cl, Brorl,

is0, 10r2,

and isomers and salts thereof.
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Particular preference is given to compounds selected from the group con-
sisting of

3-(4-chlorophenylcarbamoyl)oxazolidine-4-carboxylic acid,
3-(5-chlorothiophene-2-carbonyl)oxazolidine-5-carboxylic acid,

and isomers and salts thereof.

The compounds are described in Example 2.

The invention furthermore relates to the compounds
(2R,4S)-BOC-4-ethynyl-4-hydroxypyrrolidine-2-carboxylic acid,
(2R,4R)-BOC-4-ethynyl-4-hydroxypyrrolidine-2-carboxylic acid,
alkyl (2R,4S)-BOC-4-ethynyl-4-hydroxypyrrolidine-2-carboxylate,
alkyl (2R,4R)-BOC-4-ethynyl-4-hydroxypyrrolidine-2-carboxylate,
where alkyl has 1, 2, 3, 4, 5 or 6 carbon atoms,

and isomers and salts thereof.

The preparation is described in Example 8a.

The invention also relates to the intermediate compounds of the formula
-2

2
£ R
R14€ X—Y—T
W
|

-2
H
in which
R is H, =0, COOR®, OH, OA, NH,, alkyl having 1, 2, 3, 4, 50r 6
carbon atoms, N3, ethynyl, vinyl, allyloxy, NHCOA, NHSO-A,
OCH,COOA or OCH,COOH,

R? is H, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms,
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together are alternatively a spirocyclically bonded 3- to
6-membered carbocyclic ring,
isHorA,

is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxazolidine-3,4-

or 3,5-diyl,

is CONH,

is 1,3- or 1,4-phenylene which is unsubstituted or
monosubstituted or disubstituted by methyl, trifluoromethyl,
ethyl, propyl, Cl or F,

is piperidin-1-yl, pyrrolidin-1-yl, 1H-pyridin-1-yl, morpholin-4-
yl, piperazin-1-yl, 1,3-oxazolidin-3-yi, 2H-pyridazin-2-yl,
pyrazin-1-yl, azepan-1-yl or 2-azabicyclo[2.2.2]octan-2-yl,
each of which is monosubstituted or disubstituted by carbonyl
oxygen,

is alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms,

is F, Cl, Brorl,

isQ,1or2

and isomers and salts thereof.

The invention also relates, in particular, to the intermediate compounds of

the formula 1-2a

in which

I-2a

Ex
R“{ §»x—~Y—T
w
l

H
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R is H =0, COOR®, OH, OA, NH,, alkyl having 1,2, 3,4, 50r6
carbon atoms, N3, ethynyl, vinyl, allyloxy, NHCOA, NHSG-A,
OCH,COOA or OCH,COOH,
5 R? is H, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms,
R® isHorA,
E
< > is pyrrolidine-1,2-diyl,
w
10 X is CONH,

Y is 1,3- or 1,4-phenylene which is unsubstituted or

| . monosubstituted or disubstituted by methy|, trifluoromethyl,

ethyl, propyl, Clor F,

i 15 T is piperidin-1-yl, pyrrolidin-1-yl, 1H-pyridin-1-yl, morpholin-4-
yl, piperazin-1-yl, 1,3-oxazolidin-3-yl, 2H-pyridazin-2-yl,
pyrazin-1-yl, azepan-1-yl or 2-azabicyclo[2.2.2]octan-2-yl,
each of which is monosubstituted or disubstituted by carbonyl

20 oxygen,
A is alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms,
Hal isF, Cl, Brorl,
| n is0, 1or2,
‘ ‘ - and isomers and salts thereof.

Particular preference is given to the compounds selected from the group
consisting of
N-[4-(3-oxomorpholin-4-yl)phenyl]-(S)-pyrrolidine-2-carboxamide,

30 N-[4-(3-oxomorpholin-4-yl)phenyl]-(R)-pyrrolidine-2-carboxamide,
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-4-hydroxypyrrolidine-2-carbox-
amide,
N-[4-(3-oxomorpholin-4-yl)phenyl]-4-hydroxypyrrolidine-2-carboxamide,

35 N-[4-(3-oxomorpholin-4-yl)phenyi]-(R)-4,4-dimethoxypyrrolidine-2-carbox-

amide,
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N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-4-methoxypyrrolidine-2-
carboxamide,
and isomers and salts thereof.

The preparation is described, for example, in Exampie 1 and 7.

Compounds of the formula | according to the invention and the compounds
of Claims 24 and 25 may be chiral owing to their molecular structure and
may accordingly occur in various enantiomeric forms. They can therefore

exist in racemic or in optically active form.

Since the pharmaceutical activity of the racemates or stereoisomers of the
compounds according to the invention may differ, it may be desirable to
use the enantiomers. In these cases, the end product or even the interme-
diates can be separated into enantiomeric compounds by chemical or
physical measures known to the person skilled in the art or even employed

as such in the synthesis.

In the case of racemic amines, diastereomers are formed from the mixture
by reaction with an optically active resolving agent. Examples of suitable
resolving agents are optically active acids, such as the R and S forms of
tartaric acid, diacetyltartaric acid, dibenzoyltartaric acid, mandelic acid,
malic acid, lactic acid, suitable N-protected amino acids (for example
N-benzoylproline or N-benzenesulfonylproline), or the various optically
active camphorsulfonic acids. Also advantageous is chromatographic
enantiomer resolution with the aid of an optically active resolving agent
(for example dinitrobenzoylphenylglycine, cellulose triacetate or other
derivatives of carbohydrates or chirally derivatised methacrylate polymers
immobilised on silica gel). Suitable eluents for this purpose are aqueous or
alcoholic solvent mixtures, such as, for example, hexane/isopropanol/

acetonitrile, for example in the ratio 82:15:3.
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The invention furthermore relates to the use of the compounds of the
formula | and the compounds of Claims 24 and 25 and/or physiologically
acceptable salts thereof for the preparation of a medicament (pharmaceu-
tical preparation), in particular by non-chemical methods. They can be
converted here into a suitable dosage form together with at least one solid,
liquid and/or semi-liquid excipient or adjuvant and, if desired, in combina-

tion with one or more further active ingredients.

The invention furthermore relates to medicaments comprising at least one
compound of the formula | or a compound of Claims 24 and 25 and/or
pharmaceutically usable derivatives, solvates, salts and sterecisomers
thereof, including mixtures thereof in all ratios, and, if desired, excipients

and/or adjuvants.

These preparations can be used as medicaments in human or veterinary
medicine. Suitable excipients are organic or inorganic substances which
are suitable for enteral (for example oral), parenteral or topical administra-
tion and do not react with the novel compounds, for example water, vege-
table oils, benzyl alcohols, alkylene glycols, polyethylene glycols, glycerol
triacetate, gelatine, carbohydrates, such as lactose or starch, magnesium
stearate, talc or Vaseline. Suitable for oral administration are, in particular,
tablets, pills, coated tablets, capsules, powders, granules, syrups, juices or
drops, suitable for rectal administration are suppositories, suitable for par-
enteral administration are solutions, preferably oil-based or aqueous solu-
tions, furthermore suspensions, emulsions or implants, and suitable for
topical application are ointments, creams or powders or also as nasal
sprays. The novel compounds may also be lyophilised and the resultant
lyophilisates used, for example, to prepare injection preparations. The
preparations indicated may be sterilised and/or comprise adjuvants, such
as lubricants, preservatives, stabilisers and/or wetting agents, emulsifying

agents, salts for modifying the osmotic pressure, buffer substances, color-
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ants and flavours and/or a plurality of further active ingredients, for exam-

ple one or more vitamins.

The compounds of the formula | as well as the compounds of Claims 24
and 25 and physiologically acceptable salts thereof can be used for com-
bating and preventing thromboembolic diseases, such as thromboses,
myocardial infarction, arteriosclerosis, inflammation, apoplexy, angina
pectoris, restenosis after angioplasty, claudicatio intermittens, migraine,

tumours, tumour diseases and/or tumour metastases.

In general, the substances according to the invention are preferably
administered in doses between about 1 and 500 mg, in particular between
5 and 100 mg, per dosage unit. The daily dose is preferably between
about 0.02 and 10 mg/kg of body weight. However, the specific dose for
each patient depends on a wide variety of factors, for example on the effi-
cacy of the specific compound employed, on the age, body weight, general
state of health, sex, on the diet, on the time and method of administration,
on the excretion rate, medicament combination and severity of the par-
ticular disease to which the therapy applies. Oral administration is pre-

ferred.

The invention furthermore relates to medicaments comprising at least one
compound of the formula | or a compound of Claims 24 and 25 and/or
pharmaceutically usable derivatives, solvates, salts and stereoisomers
thereof, including mixtures thereof in all ratios, and at least one further

medicament active ingredient.

The invention also relates to a set (kit) consisting of separate packs of
(a) an effective amount of a compound of the formula | or a compound of

Claims 24 and 25 and/or pharmaceutically usable derivatives, sol-
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vates, salts and stereoisomers thereof, including mixtures thereof in
all ratios,
and

(b) an effective amount of a further medicament active ingredient.

The set comprises suitable containers, such as boxes, individual bottles,
bags or ampoules. The set may, for example, comprise separate ampoules
each containing an effective amount of a compound of the formuia 1 or one
of the compounds of Claims 24 and 25 and/or pharmaceutically usable
derivatives, solvates and stereoisomers thereof, including mixtures thereof
in all ratios,

and an effective amount of a further medicament active ingredient in dis-

solved or lyophilised form.

The invention furthermore relates to the use of compounds of the formula |
and the compounds of Claims 24 and 25 and/or pharmaceutically usable
derivatives, solvates, salts and stereoisomers thereof, including mixtures
thereof in all ratios,

for the preparation of a medicament for the treatment of thromboses, myo-
cardial infarction, arteriosclerosis, inflammation, apoplexy, angina pectoris,
restenosis after angioplasty, claudicatio intermittens, migraine, tumours,
tumour diseases and/or tumour metastases,

in combination with at least one further medicament active ingredient.

The invention furthermore relates to a medicament comprising 1-N-{(4-
chiorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4R)-4-hydroxy-
pyrrolidine-1,2-dicarboxamide and/or pharmaceutically usable derivatives,
solvates, salts and stereoisomers thereof, including mixtures thereof in all

ratios, and aspirin.
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The invention furthermore relates to the use of 1-N-{(4-chlorophenyl)]-2-N-
{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-di-
carboxamide and/or pharmaceutically usable derivatives, solvates, salts
and stereoisomers thereof, including mixtures thereof in all ratios, for the
preparation of a medicament for the treatment of thromboses, myocardial
infarction, arteriosclerosis, inflammation, apoplexy, angina pectoris,
restenosis after angioplasty, claudicatio intermittens, migraine, tumours,

tumour diseases and/or tumour metastases, in combination with aspirin.

Above and below, all temperatures are given in °C. In the following exam-
ples, ‘conventional work-up’ means that water is added if necessary, the
pH is adjusted, if necessary, to between 2 and 10, depending on the con-
stitution of the end product, the mixture is extracted with ethyl acetate or
dichloromethane, the phases are separated, the organic phase is dried
over sodium sulfate and evaporated, and the product is purified by chro-
matography on silica gel and/or by crystallisation. Rf values on silica gel;
eluent: ethyl acetate/methanol 9:1.

Mass spectrometry (MS): El (electron impact ionisation) M

FAB (fast atom bombardment) (M+H)"

ESI (electrospray ionisation) (M+H)" (unless stated otherwise)

Example 1

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(R)-pyr-
rolidine-1,2-dicarboxamide ("A1") is prepared analogously to the following

scheme:

PCT/EP2004/002350
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1.1 0.8 g (5.2 mmol) of 1-hydroxybenzotriazole hydrate, 1.12 g
' (5.2 mmol) of D-Boc-proline, 2 g (10.4 mmol) of N-(3-dimethylamino-
propyl)-N'-ethylcarbodiimide hydrochloride (DAPECI) and 1.26 ml of
15 N-methylmorpholine are added successively to a solution of 1.0 g
(5.2 mmol) of 4-(4-aminophenyl)morpholin-3-one in 25 ml of dimethy!-
formamide, and the resultant solution is stirred at room temperature for
12 hours. The reaction solution is subsequently evaporated to dryness
20 under reduced pressure, the residue is taken up in 10 ml of 5% sodium
hydrogencarbonate solution, and the sodium hydrogencarbonate solu-
tion is extracted twice with 10 ml of ethyl acetate each time. After the
combined organic phases have been dried over sodium sulfate and the
‘ 25 solvent has been stripped off, the solid residue is triturated with 20 mi of
diethyl ether, giving 1.4 g of tert-butyl 2-[4-(3-oxomorpholin-4-yl)phenyl-

carbamoyl)pyrrolidine-1-carboxylate as a white powder; ESI 390.

1.2 40 mi of 4N hydrochloric acid in dioxane are added to a solution
30 of 1.4 g (3.60 mmol) of tert-butyl 2-[4-(3-oxomorpholin-4-yl)phenyl-
carbamoyl]pyrrolidine-1-carboxylate in 20 ml of dioxane, and the mix-
ture is stirred at room temperature for 12 hours. The precipitate is sub-
sequently filtered off with suction and washed successively with 10 ml of

35 dioxane and 10 ml of diethyl ether and dried under reduced pressure,
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giving 1.1 g of N-[4-(3-oxomorpholin-4-yl)phenyl]pyrrolidine-2-carbox-
amide hydrochloride as a white powder; ESI 290.

1.3 95 mg (0.61 mmol) of 4-chlorophenyl isocyanate are added to a
solution of 200 mg (0.61 mmol) of N-{4-(3-oxomorpholin-4-yl)phenyl]pyr-
rolidine-2-carboxamide hydrochloride and 1 ml of triethylamine in S ml
of methylene chloride, and the reaction solution is stirred at room tem-
perature for two hours. The reaction solution is subsequently washed
with 5 ml of 1N hydrochloric acid and 5 ml of water, and the methylene
chloride solution is dried over sodium sulfate. After the solvent has
been stripped off under reduced pressure, the crude product is recrys-
tallised from ethanol/diethyl ether, giving 120 mg of the title compound
("A1") as a white powder; ESI 443, m.p. 227.6°.

The following compounds are obtained analogously
1-N-[(4-chlorophenyl)]-2-N-{[3-methyl|-4-(3-oxomorpholin-4-yl)-
phenyl]}-(R)-pyrrolidine-1,2-dicarboxamide, ESI 457, m.p. 147° (decom-

position);

1-N-[(4-chiorophenyl)}-2-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)phenyl]}-

(R)-pyrrolidine-1,2-dicarboxamide, ES| 461, m.p. 155°;

1-N-[(4-chlorophenyl)}-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]}-

(R)-pyrrolidine-1,2-dicarboxamide, ESI 461;
1-N-{(4-chlorophenyl)]-2-N-{[3-trifluoromethyl-4-(3-oxomorpholin-4-
yl)phenyl]}-(R)-pyrrolidine-1,2-dicarboxamide, ESI 511, m.p. 147°;
1-N-[(4-chlorophenyl)]-2-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(R)-piperidine-1,2-dicarboxamide, ESI 471, m.p. 140°;
1-N-[(4-chlorophenyl)]-2-N-{[4-(2-ox0-2H-pyridin-1-yl)phenyl]}-(R)-
pyrrolidine-1,2-dicarboxamide, m.p. 221°;
1-N-[(4-chlorophenyl)]-2-N-{[4-(2-ox0-2H-pyrazin-1-yl)phenyl]}-(R)-
pyrrolidine-1,2-dicarboxamide, ESI 438, m.p. 227°;

PCT/EP2004/602350




10

15

20

25

30

35

WO 2004/087646 PCT/EP2004/0602350

-52-

1-N-[(4-chlorophenyl)]-2-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(S)-pyrrolidine-1,2-dicarboxamide, ESI 457, m.p. 174°, '
1-N-{(4-chlorophenyl)}-2-N-{[4-(2-ox0-2H-pyridin-1-yl)phenyl]}-4,4-
difluoro-(R)-pyrrolidine-1,2-dicarboxamide, ESI 473,
1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-
phenyl)}-(R)-pyrrolidine-1,2-dicarboxamide, ESI 455;
1-N-[(4-chloropheny!)]-2-N-{[4-(2-0x0-3-methoxy-2H-pyridin-1-yl)-
phenyl]}-(R)-pyrrolidine-1,2-dicarboxamide, ESI 467.

Example 1a

N-[4-(3-oxomorpholin-4-yl)phenyl]-(R)-1-(5-chlorothiophene-2-car-

bonyl)pyrrolidine-2-carboxamide ("AB1")

0.71 g (4.66 mmol) of 1-hydroxybenzotriazole hydrate, 0.76 g

(4.66 mmol) of 5-chlorothiophenecarboxylic acid, 1.79 g (3.33 mmol) of
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
(DAPECI) and 1.13 ml of N-methylmorpholine are added successively
to a solution of 1.35 g (4.66 mmol) of N-[4-(3-oxomorpholin-4-yl)phenyi]-
pyrrolidine-2-carboxamide in 30 ml of dimethylformamide, and the
resultant solution is stirred at room temperature for 12 hours. The
reaction solution is subsequently evaporated to dryness under reduced
pressure, the residue is taken up in 10 ml of 5% sodium hydrogen-
carbonate solution, and the sodium hydrogencarbonate solution is
extracted twice with 10 ml of ethyl acetate each time. After the com-
bined organic phases have been dried over sodium sulfate and the sol-
vent has been stripped off, the solid residue is triturated with 20 ml of
diethyl ether, giving 1.2 g (59.4%) of "AB1", ESI1 434; m.p. 195°.

The compound
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N-[3-methyl-4-(3-oxomorpholin-4-yl)phenyl}-(R)-1-(5-chlorothio-
phene-2-carbonyl)pyrrolidine-2-carboxamide, ESI 448, m.p. 113°
(decomposition)

is obtained analogously.

Example 1b

1-N-[(4-chlorophenyl)]—2-N-{[4—(3-oxomorpholin-4-y|)phenyl]}-(R)-2,5-

dihydropyrrole-1,2-dicarboxamide is prepared as follows:

a) 0.19 g (5.1 mmol) of sodium borohydride (NaBH.) is added under nitro-
gen to the suspension of 0.82 g (2.63 mmol) of dipheny! diselenide in

12 ml of tert-butanol, and the reaction mixture is refluxed for about one
hour until the yellow reaction solution becomes colourless. The solution of
1.99 g (4.11 mmol) of tert-butyl (2R,4R)-4-methanesulfonyloxy-2-[4-(3-oxo-
morpholin-4-yl)phenylcarbamoyl]pyrrolidine-1-carboxylate (see Example
9.1) in 12 ml of tert-butanol is subsequently added dropwise at this tem-
perature, and the reaction mixture is then left to reflux for 12 hours with

stirring. After the reaction mixture has been cooled, the solvent is stripped
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off under reduced pressure, the residue is taken up in 20 mi of ethyl
acetate, and the resultant solution is washed with 20 ml of water. Drying of
the ethyl acetate phase over sodium sulfate and stripping off of the solvent
gives 1.82 g (81.3%) of tert-butyl (1R,4R)-2-[4-(3-oxomorpholin-4-yl)-
phenylcarbamoyl]-4-phenylselanylpyrrolidine-1-carboxylate, ESI 545.

b) 1 mi of 30% hydrogen peroxide (H20,) is added dropwise at 0°C to the
solution of 1.72 g (3.16 mmol) of the selenium compound prepared under
a) and 0.4 ml of pyridine in 25 ml of methylene chloride. The reaction mix-
ture is subsequently allowed to come to room temperature over the course
of two hours, 10 ml of 5% potassium hydrogensulfate solution are then
added, the phases are separated, and the organic phase is washed with
10 ml of saturated sodium hydrogencarbonate solution. After the organic
phase has been dried over sodium sulfate and the solvent has been
stripped off, the residue is chromatographed on silica gel, giving 0.73 g
(59.7%) of tert-butyl (R)-2-[4-(3-oxomorpholin-4-yl)phenylcarbamoyl]-2,5-
dihydropyrrole-1-carboxylate, ESI 388.

The further reaction is carried out analogously to Example 7, giving 1-N-
[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(R)-2,5-dihydro-
pyrrole-1,2-dicarboxamide, ESI 441, m.p. 245°.

The following compounds are obtained analogously

1-N-[(4-chlorophenyl)]-2-N-{[4-(2-ox0-1H-pyrazin-1-yl)phenyl]}-(R)-
2,5-dihydropyrrole-1,2-dicarboxamide,

1-N-[(4-chlorophenyl)]-2-N<{[4-(2-ox0-1H-pyridin-1-yl)phenyl]}-(R)-
2,5-dihydropyrrole-1,2-dicarboxamide,

1-N-[(4-chlorophenyl)]-2-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)phenyl]}-
(R)-2,5-dihydropyrrole-1,2-dicarboxamide,




10

15

20

25

30

35

WO 2004/087646 PCT/EP2004/002350

-55-

1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]}-
(R)-2,5-dihydropyrrole-1,2-dicarboxamide.

Example 2

3-N-[(4-chlorophenyl)]-4-N-{[4-(3-oxomorpholin-4-yl)phenyl!]}-(R)-oxa-
zolidine-3,4-dicarboxamide ("A2") is prepared analogously to the fol-

lowing scheme:

HO NCO ] OH
] OH + HCHO+ NaOH HN"*o 5

H2N "W —_—

o cl
HzNO\ O] i cl
N)H ‘N N

DAPECI o

21 1.49 ml (20.0 mmol) of 37% aqueous formaldehyde solution are
added to a solution of 2.10 g (20.0 mmol) of D-serine in 10 ml of 1N aque-
ous sodium hydroxide solution. The resultant solution is left at 5°C for 18
hours. The solution is heated to 80°C, 6.14 g (40 mmol) of 4-chloropheny!l
isocyanate are added, and the mixture is stirred at this temperature for one
hour. The mixture is allowed to cool, and the precipitate formed is filtered
off. The filtrate is acidified using 1N HCI, and the precipitate formed is fil-
tered off and dried, giving (R)-3-(4-chlorophenylcarbamoyl)oxazolidine-4-
carboxylic acid as a colourless solid; ES| 271.

22 4398 mg (2.60 mmol) of N-(3-dimethylaminopropyl)-N*-ethylcarbo-
diimide hydrochloride (DAPECI) are added to a solution of 541 mg

(2.00 mmol) of (R)-3-(4-chlorophenylcarbamoyl)oxazolidine-4-carboxylic
acid and 384 mg (2.00 mmol) of 4-(4-aminophenyl)morpholin-3-one in 4 ml
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of dimethylformamide (DMF), and the mixture is stirred at room tempera-
ture for 18 hours. The reaction mixture is added to saturated sodium
hydrogencarbonate solution, and the precipitate formed is filtered off,
giving 3-N-{(4-chlorophenyl)]-4-N-{[4-(3-oxomorpholin-4-yl)phenyI]}-(R)-

5
oxazolidine-3,4-dicarboxamide ("A2") as a colourless solid; ESI 461.
The following compounds are obtained analogously |
3-N-[(4-chlorophenyl)]-4-N-{[3-methyl-4-(3-oxomorpholin-4-yl)- \
10 ‘

phenyl]}-(R)-oxazolidine-3,4-dicarboxamide, ESI 459,
. 3-N-[(4-chlorophenyl)]-4-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-

(4R,58)- 5-methyloxazolidine-3,4-dicarboxamide, ESI 459;

3-N-[(4-chlorophenyl)-4-N-{[3-methyi-4-(3-oxomorpholin-4-yl)-
15 phenyl]}-(4R,58)-5-methyloxazolidine-3,4-dicarboxamide, ESI 473,

3-N-[(4-chlorophenyl)]-4-N-{[4-(2-ox0-2H-pyridin-1-yl)phenyl]}-(R)-

oxazolidine-3,4-dicarboxamide, ES| 439;
3-N-[(4-chlorophenyl)]-4-N-{[4-(2-ox0-2H-pyridin-1-yl)phenyl]}-

20 (4R,5S)-5-methyloxazolidine-3,4-dicarboxamide, ESI 453,

3-N-[(4-chlorophenyl)]-4-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)phenyl]}-

(4R,58)-5-methyloxazolidine-3,4-dicarboxamide, ESI 477,
3-N-[(4-chlorophenyl)]-4-N{[3-chloro-4-(3-oxomorpholin-4-yl)-

‘ o5 phenyl]}-(4R,5S)-5-methyloxazolidine-3,4-dicarboxamide, ESI 477,

3-N-[(4-chlorophenyl)]-4-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-

phenyl]}-(4R,5R)-5-methyloxazolidine-3,4-dicarboxamide, ESI| 473,
3-N-[(4-chlorophenyl)]-4-N-{[4-(2-0x0-2H-pyrazin-1-yl)phenyl]}-

(4R,58)-5-methyloxazolidine-3,4-dicarboxamide, ESI 454;
3-N-{(4-chlorophenyl})]-4-N-{[4-(2-ox0-2H-pyrazin-1-yl)phenyl]}-(R)-

oxazolidine-3,4-dicarboxamide, ESI 440;
3-N-[(4-chloropheny!)]-4-N-{[3-chloro-4-(2-oxo-2H-pyridin-1-yl)-

phenyl]}-(R)-oxazolidine-3,4-dicarboxamide, ESI 473.

30
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Example 2a

An analogous procedure to Example 2 starting from (R)-cleonine

gives the following compound
6-N-[(4-chlorophenyl)]-7-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-4-

oxa-6-azaspiro[2.4]heptane-6,7-dicarboxamide

Ruey
N'Qo o N

_o

Example 3

3-N-[(4-chlorophenyl)}-4-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(S)-thia-
zolidine-3,4-dicarboxamide ("A3") and
3-N-[(4-chlorophenyl)]-4-N-{[4-(3-0xomorpholin-4-yl)phenyl]}-(S)-1,1-
dioxo-1A%-thiazolidine-3,4-dicarboxamide ("A4") are prepared analo-

gously to the following scheme:

PCT/EP2004/002350
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A
HN N,
DAPECI Q

3.1 A solution of 4.54 g (54.0 mmol) of sodium hydrogencarbonate and
3.60 g (27.0 mmol) of 2-(S)-thiazolidine-4-carboxylic acid in 50 ml of water
is heated to 80°C, and 8.46 g (54.0 mmol) of 4-chlorophenyl| isocyanate
are added. The reaction mixture is stirred at this temperature for 1 hour.
The mixture is allowed to cool, and the precipitate formed is filtered off.
The filtrate is acidified using 1N HCI, and the precipitate formed is filtered
off and dried, giving (S)-3-(4-chlorophenylcarbamoyl)thiazolidine-4-car-

boxylic acid as a colourless solid; ESI 287.

3.2 498 mg (2.60 mmol) of N-(3-dimethylaminopropyl)-N*-ethylcarbo-
diimide hydrochloride (DAPECI) are added to a solution of 573 mg

(2.00 mmol) of (S)-3-(4-chlorophenylcarbamoyl)thiazolidine-4-carboxylic
acid and 384 mg (2.00 mmol) of 4-(4-aminophenyl)morpholin-3-one in 4 mi
of dimethylformamide (DMF), and the mixture is stirred at room tempera-
ture for 18 hours. The reaction mixture is added to saturated sodium
hydrogencarbonate solution, and the precipitate formed is filtered off,
giving 3-N-[(4-chlorophenyl)]-4-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(S)-

thiazolidine-3,4-dicarboxamide ("A3") as a colourless solid; ESI 461.

- |
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3.3 A solution of 1.9 g of oxone in 30 mi of water is added to a suspen-
sion of 450 mg (0.976 mmol) of "A3" in 50 ml of methanol, and the reaction
mixture is stirred at room temperature for 24 hours. The reaction mixture is
added to water, and the precipitate formed is filtered off and dried, giving
3-N-[(4-chlorophenyl)}-4-N-{[4-(3-oxomorpholin-4-yl)phenylI]}-(S)-1,1-
dioxo-1A%-thiazolidine-3,4-dicarboxamide ("A4") as a colourless solid; ESI
493.

The following compounds are obtained analogously

3-N-[(4-chlorophenyl)}-4-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(S)-thiazolidine-3,4-dicarboxamide, ESI 475;

3-N-[(4-chlorophenyl)]-4-N<{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(S)-1,1-dioxo-1 AS-thiazolidine-3,4-dicarboxamide, ESI 507;

3-N-[(4-chlorophenyl)}-4-N-{[4-(2-ox0-2H-pyridin-1-yl)phenyl]}-(R)-
thiazolidine-3,4-dicarboxamide, ESI 455.

Example 4

N-[4-(3-oxomorpholin-4-yl)phenyl]-3-(5-chlorothiophene-2-carbonyl)-
oxazolidine-5-carboxamide ("A5%") is prepared analogously to the fol-

lowing scheme:



s
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o 0 N0
NaOH
OH
H,N N c—Cy s N\ oH
2 OH |
\ . o
o HCHO + Cl
0L
o ~
N O
N H
~O ﬁ J\rrN o)
oy O @

DAPECI N

Lo

10

. 4.1 1.48 ml (19.9 mmol) of 37% aqueous formaldehyde solution are
added to a solution of 2.00 g (19.0 mmol) of DL-isoserine in 10 ml of 1N
15 aqueous sodium hydroxide solution. The resultant solution is left at 5°C for
18 hours. A solution of 3.46 g (19.1 mmol) of 5-chlorothiophenecarbonyl
chloride in 10 mi of acetone is added dropwise to this solution at an inter-
nal temperature of 0 - 5°C. During the dropwise addition, the pH is held at
a value above 7 by addition of solid sodium hydrogencarbonate. When the
20 addition is complete, the mixture is allowed to warm to room temperature,
water is added, and the mixture is extracted with tert-butyl methyl ether.
The aqueous phase is acidified using 1N HCI and extracted with tert-butyl
| methyl ether. This organic phase is dried over sodium sulfate and evapo-
o 25 rated, giving 3-(5-chlorothiophene-2-carbonyl)oxazolidine-5-carboxylic

acid as a colourless solid; ESI 262.

42 479 mg (2.50 mmol) of N-(3-dimethylaminopropyl)-N-ethyl-

30 carbodiimide hydrochloride (DAPECI) are added to a solution of 500 mg
(1.91 mmol) of 3-(5-chlorothiophene-2-carbonyl)oxazolidine-5-carbox-
ylic acid and 367 mg (1.91 mmol) of 4-(4-aminophenyl)morphblin-3—one
in 5 mi of dimethylformamide (DMF), and the mixture is stirred at room

35 temperature for 18 hours. The reaction mixture is added to saturated

sodium hydrogencarbonate solution, and the precipitate formed is fil-
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tered off, giving N-[4-(3-oxomorpholin-4-yl)phenyl]-3-(5-chlorothio-
phene-2-carbonyl)oxazolidine-5-carboxamide ("AS5") as a colourless
solid; ESI| 436.

The following compounds are obtained analogously

N-[3-methyl-4-(3-oxomorpholin-4-yl)phenyl]-3-(5-chlorothiophene-2-
carbonyl)oxazolidine-5-carboxamide, ESI 450;

N-[4-(2-ox0-2H-pyridin-1-yl)phenyl]-3-(5-chlorothiophene-2-car-
bonyl)oxazolidine-5-carboxamide, ESI 430.

Example 5

1-N-[(5-chloropyridin-2-yl)]-2-N-{[4-(2-ox0-2H-pyridin-1-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide ("A6") is prepared analo-
gously to the following scheme:

HO

H

NH, fo) ci (NTL"" N o
N= O Y+ H, g O
\ / + O,N o I~ N |
Cl X

Cc

Y
O

. N
ridine
py HN ,,& o y
N-ethyldiisopropylamine N= A l
N

dichloromethane

894 mg (4.43 mmol) of 4-nitrophenyl chloroformate are added to a solution
of 570 mg (4.43 mmoil) of 2-amino-5-chloropyridine and 0.73 ml (9.0 mmol)
of pyridine in 50 mi of dichloromethane, and the mixture is stirred at room
temperature for 1 hour. 1.49 g (4.43 mmol) of (2R,4R)-4-hydroxy-2-[4-(2-
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oxo-2H-pyridin-1-yl)phenylcarbamoyl]pyrrolidinium chloride and 1.5 ml
(9.0 mmol) of N-ethyldiisopropylamine are added to the resultant suspen-
sion, and the reaction mixture is stirred at room temperature for 18 hours.
The reaction mixture is evaporated, and the residue is chromatographed
on a silica-gel column with dichloromethane/methanol 95:5 as eluent,
giving 1-N-[(5-chioropyridin-2-yl)]-2-N-{[4-(2-0x0-2H-pyridin-1-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide ("A6") as a colourless
solid, ES1 454.

The following compounds are obtained analogously

1-N-[(5-chloropyridin-2-yl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 460;
1-N-[(5-chloropyridin-2-yl)}-2-N-{[4-(2-ox0-2H-pyrazin-1-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ES| 455;
1-N-[(5-chloropyridin-2-yl)}-2-N{[3-fluoro-4-(2-oxo-2H-pyridin-1-
yl)phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ES| 472;
1-N-[(5-chloropyridin-2-y!)]-2-N-{[4-(2-0x0-2H-pyridin-1-yl)phenyl}}-
(R)-4,4-dimethoxypyrrolidine-1,2-dicarboxamide, ESI 498,
1-N-[(5-chloropyridin-2-yl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(R)-4,4-dimethoxypyrrolidine-1,2-dicarboxamide, ESI 504;
1-N-[(6-chloropyridin-3-yl)]-2-N-{[4-(2-0x0-2H-pyridin-1-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 454;
1-N-[(6-chloropyridin-3-yl)}-2-N-{[4-(2-ox0-2H-pyrazin-1-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 455.

Example 6

1-N-[(4-chlorophenyl)}-2-N-{[4-(2-ox0-2H-pyridin-1-yl)phenyl]}-(R)-4,4-
dimethoxypyrrolidine-1,2-dicarboxamide ("A7") is prepared analogously to
the following scheme:
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6.1 12.2 g (122 mmol) of chromium(VI) oxide are added to a mixture,
held at 0°C, of 22 ml of pyridine and 50 ml of dichloromethane, and the
mixture is stirred at the same temperature for 30 minutes. The solution is
allowed to warm to room temperature, and a solution of 5.00 g of cis-Boc-
4-hydroxy-D-proline in 80 ml of dichloromethane is added dropwise over
the course of 5 minutes. After stirring at room temperature for 1 hour, the
solution is filtered, and the filtrate is evaporated. The residue is partitioned
between 1N HCI and tert-butyl methyl ether. The organic phase is dried
over sodium sulfate, evaporated and recrystallised from diethyl ether/
petroleum ether, giving Boc-4-keto-D-proline as a colourless solid;

ESI 130.

6.2 742 mg (3.00 mmol) of ethyl 2-ethoxy-1,2-dihydroquinoline-1-car-
boxylate (EEDQ) are added to a suspension of 459 mg (2.00 mmol) of
Boc-4-keto-D-proline and 372 mg (2.00 mmol) of 1-(4-aminophenyl)-1H-
pyridin-2-one in 25 ml of toluene, and the mixture is stirred at room tem-
perature for 18 hours. 200 mi of tert-butyl methy| ether are added, and the

precipitate formed is filtered off. 200 ml of petroleum ether are added to
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the filtrate, and the resultant precipitate is filtered off, giving tert-butyl (R)-
4-0x0-2-[4-(2-0x0-2H-pyridin-1-yl)phenylcarbamoyl]pyrrolidine-1-carboxy-

late as a brownish solid; ESI 398.

6.3 10 m! of methanol are added to a suspension of 400 mg

(1.01 mmol) of tert-butyl (R)-4-ox0-2-[4-(2-oxo0-2H-pyridin-1-yl)phenyl-
carbamoyl]pyrrolidine-1-carboxylate in 5 mi of 4N HCI in dioxane, and the
mixture is stirred at room temperature for one hour. The reaction mixture is
evaporated, giving (R)-4,4-dimethoxy-2-[4-(2-0xo-2H-pyridin-1-yl)phenyl-
carbamoyl]pyrrolidinium chloride as a brownish solid; ESI 344.

6.4 0.12 ml of triethylamine and 127 mg (0.830 mmol) of 4-chloro-
pheny! isocyanate are added to a solution of 250 mg (0.658 mmol) of
(R)-4,4-dimethoxy-2-[4-(2-ox0-2H-pyridin-1-yl)phenylcarbamoyl]pyrrolid-
inium chloride in 10 ml of dichloromethane. After stirring at room tem-
perature for one hour, the reaction mixture is evaporated, and the residue
is chromatographed on a silica-gel column with dichloromethane/methanol
95:5 as eluent, giving 1-N-{(4-chlorophenyl)]-2-N-{[4-(2-0x0-2H-pyridin-1-
yl)phenyl]}-(R)-4,4-dimethoxypyrrolidine-1,2-dicarboxamide ("A7") as a
colourless solid; ESI 497.

Example 7

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4R)-4-
hydroxypyrrolidine-1,2-dicarboxamide ("A8") is prepared analogously to

the following scheme:
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7.1 16 g (12.86 mmol) of ethyl 2-ethoxy-1,2-dihydroquinoline-1-
carboxylate (EEDQ) are added to a suspension of 15 g (64.86 mmol) of
cis-N’-BOC-4-hydroxy-D-proline and 12.47 g (64.86 mmol of 1-(4-
aminophenyl)-1H-pyridin-2-one in 250 m! of toluene, and the mixture is
stirred at room temperature for 18 hours. The precipitated product is

. subsequently filtered off, washed successively with 50 ml of toluene and
50 ml of diethyl ether and dried in a desiccator, giving 24.5 g (93.2%) of
ter.t-butyl (2R,4R)-4-hydroxy-2-[4-(3-oxomorpholin-4-yl)phenylcarba-
moyl]pyrrolidine-1-carboxylate as a grey-white powder. ESI 406.

7.2 300 ml of 4N hydrochloric acid in dioxane are added to a solution
of 15 g (37 mmol) of tert-butyl (2R,4R)-4-hydroxy-2-[4-(3-oxomorpholin-4-
yl)phenylcarbamoyl]pyrrolidine-1-carboxylate in 200 mi of dioxane, and the
mixture is stirred at room temperature for 12 hours. The precipitate is sub-
sequently filtered off, washed with 50 ml of dioxane and 50 ml of diethyl
ether and dried in a desiccator, giving 12.64 g (100%) of N-[4-(3-0x0-
morpholin-4-yl)phenyl]-(2R,4R)-4-hydroxypyrrolidine-2-carboxamide
hydrochloride as a white powder. ESI 306.
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7.3 12.64 g (36.98 mmol) of N-{4-(3-oxomorpholin-4-yl)phenyl}-
(2R,4R)-4-hydroxypyrrolidine-2-carboxamide hydrochloride are suspended
in 1200 ml of dichloromethane, and 5.4 ml of triethylamine are added with
cooling in an ice bath. The solution of 5.96 g (38.83 mmol) of 4-chloro-
phenyl isocyanate in 100 mi of dichlometrhane is subsequently added
dropwise to the mixture at 2°C over the course of 1.5 hours, and the reac-
tion solution is then left to stir for a further 30 minutes with ice cooling. The
dichloromethane solution is then washed successively with 100 ml of 1N
hydrochloric acid and 100 ml of water and dried over sodium sulfate. After
the drying agent has been filtered off and the methylene chloride solution
has been evaporated to 1/3 of the original volume in a rotary evaporator,
the precipitated product is filtered off, washed with 50 ml of petroleum
ether and dried in a desiccator, giving 14.6 g (86%) of 1-N-[(4-chloro-
phenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4R)-4-hydroxy-
pyrrolidine-1,2-dicarboxamide ("A8") as a white powder, ES| 459; m.p.
216°.

The following compounds are obtained analogously

1-N-[(4-chlorophenyl)}-2-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 473; m.p.
250°;

1-N-[(4-chlorophenyl)]-2-N-{[4-(2-0x0-2H-pyridin-1-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 453; m.p. 160°;

1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 477; m.p.
235°%

1-N-[(4-chloropheny!)]-2-N-{[4-(2-oxopyrazin-1-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 454,

1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(2-ox0-2H-pyridin-1-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 471;
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1-N-[(4-chlorophenyl)]-2-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,3R)-3-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,3S)-3-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(2-0x0-3-methoxy-2H-pyridin-1-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 483.
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2S,3S)-3-hydroxypyrrolidine-1,2-dicarboxamide, ESI 459;
1-N-[(4-chloropheny!)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2S,4S8)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 459

o
/ z H
o\ /N‘@Nm ~~~~ OH
o N
04\ /O/Cl
N
H

1-N-[(4-chlorophenyl)]-2-N-{[2-methoxycarbonyl-4-(3-oxomorpho-
lin4-yl)phenyl]}-(2R,4R)-3-hydroxypyrrolidine-1,2-dicarboxamide, ESI 517,
m.p. 119; and therefrom by hydrolysis

1-N-[(4-chlorophenyl)]-2-N-{[2-carboxy-4-(3-oxomorpholin-4-yi)-
phenyl]}-(2R,4R)-3-hydroxypyrrolidine-1,2-dicarboxamide, ESI 503, m.p.
145°,

1-N-[(4-chlorophenyl)]-2-N-{[2-methoxycarbonyl-4-(3-oxomorpho-
lin-4-yl)phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, and
therefrom by hydrolysis

1-N-[(4-chloropheny!)]-2-N-{[2-carboxy-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide.
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1-N-[(4-chlorophenyi)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4S)-4-

hydroxypyrrolidine-1,2-dicarboxamide is prepared analogously to the fol-

lowing scheme:

0]
0 W
U EN\BOC "o -

{/\N(\@\ EN\‘SN\Q\U

Ph,P/DEAD

1N NaOH

MeOH

8.1 5.51 mi (35 mmol) of diethyl azodicarboxylate (DEAD) are added

dropwise at 0°C under nitrogen to a solution of 7.0 g (7.26 mmol) of tert-

butyl (2R,4R)-4-hydroxy-2-{4-(3-oxomorpholin-4-yl)phenylcarbamoyl]pyr-

rolidine-1-carboxylate, 5.77 g (34.5 mmol) of p-nitrobenzoic acid and

9.18 g (35 mmol) of triphenylphosphine in 350 mi of tetrahydrofuran. The

reaction mixture is subsequently left to stir at room temperature for 12

hours and evaporated to dryness under reduced pressure, 20 ml of

methylene chloride are added to the residue, and the methylene chloride

solution is washed successively with 10 m| of saturated sodium chloride

solution and 10 mi of water and dried over sodium sulfate. After the drying

agent has been filtered off and the solvent has been stripped off in a rotary

evaporator, the residue is triturated with 30 ml of diethyl ether, giving 8.5 g
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(88.8%) of ter.t-butyl (2R,4S)-4-(4-nitrobenzoyloxy)-2-[4-(3-oxomorpholin-
4-yl)phenylcarbamoyl]pyrrolidine-1-carboxylate as slightly yellow crystals,
ESI 555.

8.2 Analogously to Example 7, reaction of tert-butyl (2R,4S)-4-(4-nitro-
benzoyloxy)-2-[4-(3-oxomorpholin-4-yl)phenylcarbamoyl]pyrrolidine-1-car-
boxylate gives the compound (3S,5R)-1-(4-chlorophenylcarbamoyi)-5-[4-
(3-oxomorpholin-4-yl)phenylcarbamoyl]pyrrolidin-3-yl 4-nitrobenzoate as

yellowish crystals, ESI 608.

8.3 0.075 mi of 1N sodium hydroxide solution is added with ice cooling
to the solution of 50 mg (0.082 mmol) of (3S,5R)-1-(4-chlorophenyl-
carbamoyl)-5-[4-(3-oxomorpholin-4-yl)phenylcarbamoyl]pyrrolidin-3-yI
4-nitrobenzoate in 2 mi of methanol, and the reaction mixture is stirred
for 15 minutes. The precipitate is filtered off and washed with 2 ml of
methanol and dried, giving 35 mg (93%) of 1-N-[(4-chlorophenyl)]-2-N-
{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4S)-4-hydroxypyrrolidine-1,2-
dicarboxamide as colourless crystals, ESI 459, m.p. 243° (decomposi-

tion).

An analogous procedure gives
1-N-[(4-chlorophenyl)]-2-N-<{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R, 3S, 4R)-3,4-dihydroxypyrrolidine-1,2-dicarboxamide, ESI 475, m.p.
247;
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2S,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 459; m.p. 253°,
1-N-[(4-chlorophenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-3,4-
dihydroxypyrrolidine-1,2-dicarboxamide.
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Example 8a

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4S)-4-
ethynyl-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 483, is prepared

analogously to the following scheme:

Zj Cs,CO, {j o 1 eq. trichloroisocyanuric acid
s, OH N s

N™"r + — r > >
o2 0o CH, pMp OZr. O 0.09 eq. TEMPO

//\ 7& room temp.

woll ol

1.2 eq. LIOH

“», ~ "':,
fr _— N [r
% 0

MeOH/H,0 o7k

further analogously to H

Example 7 N n/ N 0]
= NS o NJH

The following compounds are obtained analogously

1 -N-[(4-chlorophenyl)]-2-N—{[4-(2-oxo—1 H-pyridin-1-yl)phenyl]}-
(2R,4S)-4-ethynyl-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 477;
1-N-[(4-chlorophenyl)}-2-N-{[4-(2-ox0-2H-pyrazin-1-yl)phenyl]}-
(2R,4S)-4-ethynyl-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 478.

3 b=

o=
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Example 9

1-N-[(4-chlorophenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4S)-4-
azidopyrrolidine-1,2-dicarboxamide ("A9") and 1-N-{(4-chlorophenyl)]-2-N-
{[4-(3-oxomorpholin-4-yl)phenyl!]}-(2R,4S)-4-aminopyrrolidine-1,2-

dicarboxamide ("A10") are prepared analogously to the following scheme:

Ox.”
o (e]
N, NaN,/DMF
0o H
% N

o HN.,
o \ Y
N
I\/ \©\ \‘g \©\Cl
N O
H

9.1 1.3 ml (16.65 mmol) of methanesulfonyl chloride are added drop-
wise with ice cooling to a solution of 4.5 g (11.1 mmol) of tert-butyl
(2R,4R)-4-hydroxy-2-[4-(3-oxomorpholin-4-yl)phenylcarbamoyl]pyrrolidine-
1-carboxylate in 20 ml of pyridine, and the reaction solution is stirred at
room temperature for 12 hours. The pyridine is subsequently stripped off
under reduced pressure, 10 ml of saturated citric acid solution are added
to the residue, and the acidic solution is extracted twice with 10 mi of

methylene chloride each time. The combined organic phases are then
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washed with 10 ml of saturated sodium chloride solution and dried over

sodium sulfate. Removal of the drying agent by filtration and stripping-off
of the solvent gives 5.4 g (100%) of tert-butyl (2R,4R)-4-methanesulfonyl-
oxy-2-[4-(3-oxomorpholin-4-yl)phenylcarbamoyl]pyrrolidine-1-carboxylate

as a yellow oil, ESI 484.

9.2 A mixture of 5.4 g (11.7 mmol) of tert-butyl (2R,4R)-4-methane-
sulfonyloxy-2-[4-(3-oxomorpholin-4-yl)phenylcarbamoyl]pyrrolidine-1-car-
boxylate and 3.69 g (56.8 mmol) of sodium azide in 50 mi of dimethylform-
amide (DMF) is stirred at 60°C for 12 hours. The insoluble matter is sub-
sequently filtered off, and the filtrate is evaporated to dryness under
reduced pressure. The residue is then dissolved in 20 mi of water, and the
aqueous solution is extracted twice with 10 mil of methylene chloride each
time. The combined methylene chloride extracts are finally washed once
with 10 ml of saturated sodium chloride solution and dried over sodium
sulfate. Removal of the drying agent by filtration and stripping-off of the
solvent gives 4.8 g (100%) of tert-butyl (2R,4S)-4-azido-2-[4-(3-oxomor-
pholin-4-yl)phenylcarbamoyl]pyrrolidine-1-carboxylate as slightly yellow
crystals, ESI 431.

9.3 Analogously to Example 7, reaction of tert-butyl (2R,4S)-4-azido-2-
[4-(3-oxomorpholin-4-yl)phenylcarbamoyl]pyrrolidine-1-carboxylate gives
the compound 1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4S)-4-azidopyrrolidine-1,2-dicarboxamide ("A9") as a white
powder, ES| 459, m.p. 145°.

9.4 A solution of 25 mg (0.052 mmol) of "A9" and 20.46 mg

(0.08 mmol) of triphenylphosphine in a mixture of 0.5 ml of tetrahydrofuran
and 0.5 m| of water is stirred at room temperature for 12 hours. After the
precipitated triphenylphosphine oxide has been filtered off, the filtrate is

evaporated to dryness, and the residue is purified by preparative HPLC
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(acetonitrile/water/0.1% trifluoroacetic acid), giving 12 mg (40%) of 1-N-
[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yt)phenyl]}-(2R,4S)-4-amino-
pyrrolidine-1,2-dicarboxamide ("10") as colourless crystals, ESI 458.

An analogous procedure gives the compounds ;
1-N-[(4-chlorophenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R, 4R)-4-azidopyrrolidine-1,2-dicarboxamide, ESI 484, m.p. 125°,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-aminopyrrolidine-1,2-dicarboxamide, ES| 458, m.p. 110°;
1-N-[(4-chlorophenyl)]-2-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4S)-4-aminopyrrolidine-1,2-dicarboxamide, ESI 472, m.p.
218°.

Starting from the 4-amino compounds,

a) reaction with acetyl chloride gives the compounds
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-

(2R,4S)-4-acetaminopyrrolidine-1,2-dicarboxamide,
1-N-[(4-chiorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-

(2R,4R)-4-acetaminopyrrolidine-1,2-dicarboxamide, ES| 458;

and analogously
1-N-[(4-chlorophenyl)]-2-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-

phenyl]}-(2R,4S)-4-acetaminopyrrolidine-1,2-dicarboxamide, ESI 514, m.p.

170°,

b) reaction with mesyl chloride gives the compounds
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl}}-

(2R,4S)-4-methylsulfonylaminopyrrolidine-1,2-dicarboxamide and
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-

(2R,4R)-4-methylsulfonylaminopyrrolidine-1,2-dicarboxamide;

c) reaction with butylsulfonyl chloride gives the compounds
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1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl}}-
(2R,4R)-4-butyisulfonylaminopyrrolidine-1,2-dicarboxamide,

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl}}-
(2R,4S)-4-butylsulfonylaminopyrrolidine-1,2-dicarboxamide, ESI 592;

d) reaction with isobutyryl chloride gives the compound

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4S)-4-(2-methylpropanoylamino)pyrrolidine-1,2-dicarboxamide, ESI
542; m.p.169.

Example 10

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)pheny!]}-(2R,4R)-4-
methoxypyrrolidine-1,2-dicarboxamide ("A11") is prepared analogously to

the following scheme:

CH,l
N-goc 2 - N-goc LiOH/THF/MeOH/
Agzo water u

I
O
O

J

HO™ O ~o" o
/
(o) o o/
H
0
(e aa e

HO™ ~O N7 O

H

10.1  0.94 mi (15.1 mmol) of methyl iodide is added under nitrogen to a
mixture of 1 g (4.32 mmol) of cis-N’-BOC-4-hydroxy-D-proline and

3.31 g (14.27 mmol) of silver oxide in 15 ml of acetone, and the reaction
mixture is stirred at room temperature for 48 hours. The precipitate is
subsequently filtered off, and the filtrate is evaporated to dryness under

reduced pressure, giving 1 g (89.2%) of cis-N’-BOC-4-methoxy-D-
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proline methyl ester as a colourless oil, which is reacted further without
further purification, ESI 260.

10.2 25 ml of methanol, 25 ml of water and 0.28 g (11.57 mmol) of lith-
ium hydroxide are added to a solution of 1 g (3.85 mmol) of cis-N'-BOC-
4-methoxy-D-proline methyl ester in 75 ml of tetrahydrofuran (THF), and
the reaction solution is stirred at room temperature for 5 hours. The
methano! and the THF are subsequently stripped off in a rotary evapo-
rator, and the aqueous solution is extracted once by shaking with 10 ml
of methylene chloride and acidified to pH 2 by means of saturated citric
acid solution, and the acidic solution is extracted twice with 10 mi of
methylene chloride each time. Drying of the combined organic phases
over sodium sulfate and stripping-off of the solvent gives 0.5 g (53%) of
cis-N’-BOC-4-methoxy-D-proline as a pale oil, which gradually crystal-
lises, ES| 246.

10.3  Analogously to Example 7, reaction of cis-N'-BOC-4-methoxy-D-
proline gives the compound 1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomor-
pholin-4-yl)phenyl]}-(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide
("A11") as a white powder, ESI 473, m.p. 133°.

The following compounds are obtained analogously

1-N-[(4-chloropheny!)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-allyloxypyrrolidine-1,2-dicarboxamide, ESI 517, m.p.
106°

PCT/EP2004/002350
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1-N-[(4-chlorophenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide, ESI 487, m.p. 136°,

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-propoxypyrrolidine-1,2-dicarboxamide, ESI 501, m.p. 106;

1-N-{(4-chlorophenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-allyloxypyrrolidine-1,2-dicarboxamide, ESI 499, m.p. 100° and
as by-product

2-N-{allyl-[4-(3-oxomorpholin-4-yl)phenyl]}-1-N-[(4-chlorophenyl)}-
4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 499;

1-N-[(4-chlorophenyl)]-2-N-{[3-methy|-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide, ESI 487, m.p.
140°,

1-N-[(4-chlorophenyl))-2-N-{[4-(2-ox0-2H-pyridin-1-yl)phenyl]}-
(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide, ESI 467, m.p. 133°,

1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide, ESI 491, m.p.
109°,

1-N-[(4-chlorophenyl)]-2-N-{[4-(2-ox0-2H-pyrazin-1-yl)phenyl]}-
(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide, ESI 468, m.p. 127°;

1-N-[(4-chlorophenyl)}-2-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide, ESI 491, m.p.
99°:
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1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-
phenyl]}-(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide, ESI 485;

1-N-[(4-chlorophenyl)}-2-N-{[4-(2-0x0-2H-pyrazin-1-yl)phenyl]}-
(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide, ESI 482, m.p.132°,

1-N-[{(4-chlorophenyl)}-2-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl])}-(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide, ESI 505, m.p.
131°;

1-N-[(4-chloropheny!)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-(prop-2-ynyloxy)pyrrolidine-1,2-dicarboxamide, ESI 497, m.p.
120°;

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-(but-2-ynyloxy)pyrrolidine-1,2-dicarboxamide,

1-N-[(4-chlorophenyl)]-2-N{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-(prop-2-ynyloxy)pyrrolidine-1,2-dicarboxamide, ESI
515, m.p. 108°;

1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4S)-4-(prop-2-ynyloxy)pyrrolidine-1,2-dicarboxamide, ESI
515, m.p. 92°,

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-(methoxycarbonylmethoxy)pyrrolidine-1,2-dicarboxamide, ESI
531, m.p. 106°; and therefrom by hydrolysis

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-

(2R,4R)-4-(carboxymethoxy)pyrrolidine-1,2-dicarboxamide, ESI 517, m.p.

134°;

1-N-[(4-bromophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide, ESI 636, m.p.
103°.
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Example 11
(3R,5R)-1-(4-chlorophenylcarbamoyl)-5-[4-(3-oxomorpholin-4-yl)phenyl-

carbamoyl]pyrrolidin-3-y! isobutyrate ("A12") is prepared analogously to

the following scheme:

((CH,),CHCO0),0 0

Q\EWQ———- g4 Ew@

A solution of 0.2 g (0.44 mmol) of "A8" and 0.146 ml of isobutyric
anhydride in 1 ml of pyridine is stirred at room temperature for 12 hours.
10 ml of ethyl acetate are subsequently added to the reaction mixture,
and the ethyl acetate solution is washed successively with 5 ml of 1N
hydrochloric acid and 5 ml of saturated sodium chloride solution and
dried over sodium sulfate. Removal of the drying agent by filtration and
stripping-off of the solvent gives 183 mg (79.3%) of (3R,5R)-1-(4-chloro-
phenylcarbamoyl)-5-[4-(3-oxomorpholin-4-yl)phenylcarbamoyl]pyrroli-
din-3-yl isobutyrate ("12") as white crystals, ESI 529, m.p. 129°.

The following compounds are obtained analogously

(3R,5R)-1-(4-chlorophenylcarbamoyl)-5-{4-(3-oxomorpholin-4-
yl)phenylcarbamoyl]pyrrolidin-3-yl propionate, ESI 5615;

(3R,5R)-1-(4-chlorophenylcarbamoyl)-5-[4-(3-oxomorpholin-4-
yl)phenylcarbamoyl]pyrrolidin-3-yl acetate, ESI 501, m.p. 148°.
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Example 12

4-N-[(4-chlorophenyl)]-5-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-1,3-dioxo-

lane-4,5-dicarboxamide is prepared analogously to the following scheme:

. a5
QAP 1 eq. NaOH QAP ? N ‘(J o
o-(—/"‘" 0 HO\(—Q’ 0 o J
— T\ N\
o 0 H,O/dioxane 00 DAPECIH

cl
H,N o OAO
2.5 eq. NaOH H [ N r
— ~ ~_ G0
0 O 0
H,O/dioxane
? Q DAPEC) cl N‘g
. N

The following compounds are obtained analogously

4-N-[(4-chlorophenyl)}-5-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-1,3-dioxolane-4,5-dicarboxamide,
4-N-[{(4-chlorophenyl)]-5-N-{[4-(2-ox0-2H-pyridin-1-yl)phenyl]}-1,3-
dioxolane-4,5-dicarboxamide, ESI 440;
4-N-[(4-chlorophenyl)]-5-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-1,3-
dioxolane-2,2-dimethyl-4,5-dicarboxamide, ESI 474;
4-N-{(4-chlorophenyl})]-5-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-1,3-dioxolane-2,2-dimethyl-4,5-dicarboxamide, ESI 488;
4-N-[(4-chlorophenyl)]-5-N-{[4-(2-ox0-1H-pyridin-1-yl)phenyl]}-1,3-
dioxolane-2,2-dimethyl-4,5-dicarboxamide, ESI 468.
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Example 13

Analogously to Example 7, reaction of N-[4-(3-oxomorpholin-4-yl)phenyl]-

1-BOC-piperazine-2-carboxamide with 4-chlorophenyl isocyanate gives

the compound
1-N-[4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-1-BOC-

piperazine-1,2-dicarboxamide

Removal of the BOC group gives
1-N-[4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-piperazine-

1,2-dicarboxamide.

Analogous reaction of 4-chiorophenyl isocyanate with

N-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazinane-4-carboxamide

gives the compound
1-N-[4-chlorophenyl]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-1,3-

oxazinane-3,4-dicarboxamide.

Example 13 - 1

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(R)-4-0x0-
pyrrolidine-1,2-dicarboxamide is prepared analogously to the following

scheme;
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OH O

PCC

}—ﬁ CH,Cl, >_ﬂ
o ° o é\\ ° o
cl o\) cl

0.21 g (0.98 mmol) of pyridinium chlorochromate (PCC) is added to the
solution of 0.3 g (0.65 mmol) of 1-N-[(4-chlorophenyl)]-2-N-{[4-(3-0xo0-
morpholin-4-yl)phenyl]}-(1R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide

(Example 7) in 15 ml of methylene chloride, and the reaction mixture is
stirred at room temperature for 48 hours. The precipitate is subsequently
filtered off, and the filtrate is washed three times with 20 ml of water each
time and dried over sodium sulfate. After the solvent has been stripped off,
the residue is purified by preparative HPLC, giving 140 mg (47%) of 1-N-
[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(R)-4-oxo-
pyrrolidine-1,2-dicarboxamide as a white powder, ESI 457, m.p. 154°.

Example 13 - 2

N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[2-(4-chiorophenyl)acetyl]-4-
hydroxypyrrolidine-2-carboxamide is prepared analogously to the following

scheme:
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/)(N/Q/ N + HO
o o M yHe °
OH
EEDQ
—_——

H
N N
j; jS o
o o
}N

b y

0.25 g (1.46 mmol) of 4-chlorophenylacetic acid and 0.36 g (1.46 mmol) of
ethyl 2-ethoxy-1,2-dihydroquinoline-1-carboxylate (EEDQ) are added suc-
cessively at room temperature to a solution of 0.5 g (1.46 mmol) of N-[4-(3-
oxomorpholin-4-yl)phenyl]-(2R,4R)-4-hydroxypyrrolidine-2-carboxamide
(Example 7.2) and 0.2 mi of triethylamine in 20 ml of toluene. The resultant
reaction mixture is subsequently left to stir at room temperature for 12
hours, then washed successively with 10 mi of 1N hydrochloric acid and
10 mi of saturated sodium hydrogencarbonate solution, and the organic
phase is dried over sodium sulfate. After the solvent has been stripped off,
the crude product is purified by preparative HPLC, giving 0.31 g (46.4%) of
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[2-(4-chlorophenyl)acetyl]-4-
hydroxypyrrolidine-2-carboxamide as a white powder, ESI 458, m.p. 141°.

The following compounds are obtained analogously

N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-(4-chlorobenzoyl)-4-
hydroxypyrrolidine-2-carboxamide, ES| 444, m.p. 216°;

N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-(1-1H-indol-3-yI-
methanoyl)-4-hydroxypyrrolidine-2-carboxamide, ES| 449, m.p. 283°;
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N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-(1-1H-indol-6-yi-
methanoyl)-4-hydroxypyrrolidine-2-carboxamide, ESI| 449, m.p. 148°.

Example 13 -3

1-N-{(4-chlorophenyl)}-2-N-{[3-methyl-4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide is prepared analogously to

the following scheme:

B\O”v
. —/\ ﬁ HO \
I o:<
X

HO

O
z
(o]
x

A

NaOH/THF/H,O
°7

e
g

o / analogously to Example 7
O
N N—
H N

o~

NH

o

A suspension of 5 g (21.62 mmol) of cis-N'-Boc-4-hydroxy-D-proline and

. K
J

e

8.66 g (43.24 mmol) of ethyl 4-toluenesulfonate in 5 ml of tetrahydrofuran
(THF) is added with a solution of 2.94 g (73.5 mmol) of sodium hydroxide
in 5 ml of water. The reaction mixture is then stirred at 40°C for 12 hours
and subsequently evaporated in a rotary evaporator, and the residue is
taken up in 10 ml of water. The aqueous solution is then washed twice with
10 mi of methylene chloride each time and acidified using 2N hydrochloric

acid. The resultant acidic solution is extracted three times with 20 ml of
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methylene chloride each time. Drying of the combined methylene chloride
extracts over sodium sulfate and stripping-off of the solvent gives 4.87 g
(86.9%) of cis-N’-Boc-4-ethoxy-D-proline as a colourless oil. ESI: 232.

Analogously to Example 7, reaction of cis-N'-Boc-4-ethoxy-D-proline gives

5
the compound
1-N-[(4-chlorophenyl)]-2-N-{[3-methyl-4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide, ESI 501, m.p. 117°.
10

The compounds

1-N-[(4-chiorophenyl)]-2-N-{{4-(2-oxo-1H-pyridin-1-yl)phenyl]}-
(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide, ESI 481, m.p. 209°;

15 1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide, ES| 505, m.p. 1877,

are obtained analogously.

20
Example 13 - 4
2-N-[(4-chlorophenyl)]-1-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(R)-pyr-
‘ 25 rolidine-1,2-dicarboxamide is prepared analogously to the following
scheme:
30

x
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° O
O""?o + C(/T o™ a
_H, HN\©\ \O -
cl
Cl NH,

pyridine
5 EtNiPr,

Tl O

peREIoN

10

‘ 1.01 g (5.00 mmol) of 4-nitrophenyl chioroformate and 0.404 mi

(5.00 mmol) of pyridine are added to a solution of 961 mg (5.00 mmo!) of
4-(4-aminophenyl)morpholin-3-one in 10 ml of dichloromethane, and the

15 mixture is stirred at room temperature for 1 hour. 1.31 g (5.00 mmol) of
(R)-2-(4-chlorophenylcarbamoyl)pyrrolidinium chloride and 2.55 ml
(15.0 mmol) of N-ethyldiisopropylamine are added to the suspension. The
reaction mixture is stirred at room temperature for 12 hours and then

20 evaporated, and the residue is chromatographed on a silica-gel column,
giving 2-N-[(4-chlorophenyl)]-1-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(R)-

pyrrolidine-1,2-dicarboxamide as a yellowish solid, ESI 443.
‘ 25 2-N-[(4-chlorophenyl)]-1-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(S)-pyrrolid-

ine-1,2-dicarboxamide, ESI 443,

is obtained analogously.

30 Example 13 -5

N-(4-chlorophenyl)-(R)-1-{2-[4-(3-oxomorpholin-4-yl)phenyl]acetyl}pyr-

rolidine-2-carboxamide is prepared analogously to the following scheme:

35
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EEDQ O"fo

( >"~f° + HN — | N
N Cl toluene o Xe) \©\
,J§ OH Cl

5 x

LN
HCl/dioxane Z ,S m
S N ’f OH
o H2 HN >
Cl DAPECI
NMM

DMF

4.82 g (19.5 mmol) of ethyl 2-ethoxy-1,2-dihydroquinoline-1-carboxylate
(EEDQ) are added to a suspension of 2.80 g (13.0 mmol) of N-Boc-D-
proline and 1.66 g (13.0 mmol) of 4-chloroaniline in 50 ml of toluene, and
the mixture is stirred at room temperature for 3 hours. The reaction mixture
is filtered, and petroleum ether is added to the filtrate. The precipitate
formed is filtered off and dried, giving tert-buty! (R)-2-(4-chlorophenyl-

carbamoyl)pyrrolidine-1-carboxylate as colourless crystals; ESI 325.

4.00 g (12.3 mmol) of tert-butyl (R)-2-(4-chlorophenylcarbamoyl)pyr-
rolidine-1-carboxylate are dissolved in 20 ml of 4N HCI in dioxane and left
at room temperature for 2 hours. The reaction mixture is evaporated and
dried, giving (R)-2-(4-chlorophenylcarbamoyl)pyrrolidinium chloride as a
slightly brownish solid; ESI 225.

0.26 ml (2.4 mmol) of 4-methylmorpholine and 230 mg (1.2 mmo!) of N-(3-
dimethylaminopropyl)-N’-ethylcarbodiimide hydrochtoride (DAPECI) are
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added to a solution of 261 mg (1.00 mmol) of (R)-2-(4-chlorophenyl-
carbamoy!l)pyrrolidinium chloride and 235 mg (1.00 mmol) of 4~(3-oxo-
morpholin-4-yl)phenylacetic acid in 2 ml of DMF, and the mixture is stirred
at room temperature for 18 hours. The reaction mixture is introduced into
water, and the precipitate formed is filtered off, giving N-(4-chlorophenyl)-
(R)-1-{2-[4-(3-oxomorpholin-4-yl)phenyl]acetyl}pyrrolidine-2-carboxamide
as a slightly brownish solid; ESI 442.

N-(4-chloropheny!)-(S)-1-{2-[4-(3-oxomorpholin-4-yl)phenylijacetyl}pyr-

rolidine-2-carboxamide, ESI 442, is obtained analogously.

Preparation of the carboxylic acid unit

+

H
HyN cl N
oy, o A e, TS

0
Cs,CO, Y O/Yo

NaOH

N
_oco 0 —_— N 0
acetonitrile o™~ ethanol
OH

14.6 g (92.7 mmol) of (2-chloroethoxy)acetyl chloride are added to a
suspension of 20.0 g (92.7 mmol) of ethyl 4-aminophenylacetate hydro-
chloride in 25 ml of toluene, and the mixture is heated at the boil for 24
hours. The reaction mixture is evaporated and dried, giving ethyl {4-[2-
(2-chloroethoxy)acetylamino]phenyl}acetate as a yellowish solid; ESI
300.

43.4 g (133 mmol) of caesium carbonate are added to a solution of 26.6 g
(88.8 mmol) of ethyl {4-[2-(2-chloroethoxy)acetylamino]phenyl}acetate in
100 ml of acetonitrile, and the mixture is stirred at room temperature for 18

hours. The reaction mixture is filtered, and the filtrate is evaporated, giving
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ethyl [4-(3-oxomorpholin-4-yl)phenyl]acetate as a yellowish oil; ESI 264.

20.2 g (76.8 mmol) of ethyl [4-(3-oxomorpholin-4-yl)phenyl]acetate are
dissolved in a solution of 3.37 g of sodium hydroxide in 40 ml of ethanol,
and the reaction solution is stirred at room temperature for 18 hours. The
reaction mixture is evaporated, and the residue is dissolved in water and
acidified to a pH of 3 using 1N hydrochloric acid. The mixture is extracted
with ethyl acetate, and the organic phase is dried over sodium sulfate and
evaporated, giving 4-(3-oxomorpholin-4-yl)phenylacetic acid as a yellow-
ish solid; ESI 236.

The following compounds are obtained analogously to Example 13-5:

N-(4-chlorophenyl)-(2R,4R)-1{2-[4-(3-oxomorpholin-4-yl)phenyl]-
acetyl}-4-methoxypyrrolidine-2-carboxamide,
N-(4-chlorophenyl)-(2R,4S)-1-{2-[4-(3-oxomorpholin-4-yl)phenyl]-
acetyl}-4-methoxypyrrolidine-2-carboxamide,
N-(4-chlorophenyl)-(2S,4R)-1{2-[4-(3-oxomorpholin-4-yl)phenyl}-
acetyl}-4-methoxypyrrolidine-2-carboxamide,
N-(4-chlorophenyl)-(S)-1-4{2-[4-(2-oxo-1H-pyridin-1-yl)phenyl}acetyl}-
pyrrolidine-2-carboxamide,
N-(4-chlorophenyl)-(S)-14{2-[4-(2-oxopyrrolidin-1-yl)phenyllacetyl}-
pyrrolidine-2-carboxamide,
N-(4-chlorophenyl)-(R)-1-{2-[4-(2-oxopyrrolidin-1-yl)phenyl]acetyl}-
pyrrolidine-2-carboxamide,
N-(4-chlorophenyl)-(R)-1-[4-(2-oxopiperidin-1-yl)benzoyl]pyrrolidine-
2-carboxamide,
N-(4-chlorophenyl)-(R)-1-[4-(2-oxopiperidin-1-yl)phenyloxycarbony!]-
pyrrolidine-2-carboxamide.
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Example 13 -6

1-N-{(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4R)-4-
(2,3-dihydroxypropoxy)pyrrolidine-1,2-dicarboxamide is prepared analo-

gously to the following scheme:

Meo}—qO\/\ B M"OMOH |\/?\>/§ MeO O\/(\)\>/g
r = €
<7

o N
o N -
J o=, &y
o Ag,0/NaH/DMF o NaH/DMF A
0 /< 40°C o
/< o
/< 1N NaOH
NMO|K,0s0,x2H,0
OH
H o\)\/OH o\j\/o
o OH

HO
}—q LiOH
—————————————

o N
MeOH/THF/H,O
091\0 2

/< o
—~ o
(o] N—@—NH —~
d EEDQ o N—@-NH
—

/< HCI /<

NMO : N-Methyl-morpholin-N-oxid
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1.55 g (38.6 mmol) of sodium hydride are added in portions under nitrogen
to the solution of 10.3 g (42 mmal) of 1-tert-butyl 2-methyl (2R,4R)-4-
hydroxypyrrolidine-1,2-dicarboxylate and 36.34 mi (420 mmol) of 3-bromo-
1-propene in 100 ml of dimethylformamide (DMF), and the mixture is sub-
sequently stirred at room temperature for 15 minutes. 9.73 g (42 mmol) of
silver oxide are then added in portions to the reaction mixture, and the
reaction mixture is left to stir at room temperature for a further 12 hours.
The reaction mixture is then filtered, the filtrate is evaporated to dryness
under reduced pressure, and the residue is taken up in 20 ml of saturated
citric acid solution. After the precipitate has been filtered off, the filtrate is
extracted twice with 20 ml of ethyl acetate each time. Drying of the com-
bined organic phases over sodium sulfate and stripping-off of the solvent
gives 11.6 g of 1-tert-butyl 2-methyl (2R,4R)-4-allyloxypyrrolidine-1,2-

dicarboxylate as a red-brown oil; ESI 286.

6.16 g (52.6 mmol) of N-methylmorpholine N-oxide (NMO) and 193.7 mg of
potassium osmate dihydrate are added successively at room temperature
to the solution of 5 g (17.52 mmol) of 1-tert-butyl 2-methyl (2R ,4R)-4-allyl-
oxypyrrolidine-1,2-dicarboxylate in 60 ml of water, 25 mi of acetone and
10 ml of tert-butanol, and the mixture is stirred for 48 hours. 6.6 g

(52.6 mmol) of sodium sulfite are subsequently added to the reaction mix-
ture, which is stirred at room temperature for a further hour. The reaction
mixture is then evaporated under reduced pressure, the residue is taken
up in 50 ml of water, and the aqueous solution is extracted twice with

20 ml of ethyl acetate each time. Drying of the combined organic phases
over sodium sulfate and stripping-off of the solvent gives 4.7 g of 1-tert-
butyl 2-methyl (2R,4R)-4-(2,3-dihydroxypropoxy)pyrrolidine-1,2-dicar-
boxylate as a yellowish oil; ESI 320. 1.06 g of lithium hydroxide are added
to the solution of 4.6 g of this methyl ester in 40 mi of tetrahydrofuran,

10 ml of methanol and 10 mi of water, and the reaction mixture is stirred at
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room temperature for 12 hours. The reaction mixture is subsequently
evaporated under reduced pressure, 10 ml of saturated citric acid solution
are added to the aqueous solution which remains, and the mixture is
extracted three times with 20 ml of ethyl acetate each time. Drying of the
combined organic phases over sodium sulfate and stripping-off of the sol-
vent gives 4.3 g of tert-butyl (2R,4R)-4-(2,3-dihydroxypropoxy)pyrrolidine-
1,2-dicarboxylate as a yellow powder; ESI 306. Analogously to Example 7, |
this acid gives the compound 1-N-[(4-chlorophenyl)])-2-N-{[4-(3-0xomor-
pholin-4-yl)phenyl]}-(2R,4R)-4-(2,3-dihydroxypropoxy)pyrrolidine-1,2-
. dicarboxamide; ESI 533.

10

1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]}-
15 (2R,4R)-4-(2,3-dihydroxypropoxy)pyrrolidine-1,2-dicarboxamide; ESI 5651,

is obtained analogously.

Example 13 -7

20
1-N-{(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-

(2R 4R)-4-(2-hydroxy-3-pyrrolidin-1-ylpropoxy)pyrrolidine-1,2-dicarbox-
amide,

. - 1-N-[{(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-(2-oxooxazolidin-5-ylmethoxy)pyrrolidine-1,2-dicarboxamide
and

1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-(3-amino-2-hydroxypropoxy)pyrrolidine-1,2-dicarboxamide, ESI
30 532 mp. 115

are prepared analogously to the following scheme:

35
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Example 13 - 8

1-N-[(4-chlorophenyl)]-2-N-{N-methoxycarbonylmethy|-N’-[4-(3-0xo0-
morpholin-4-yl)phenyl]}-(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide

is prepared analogously to the following scheme:
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61 mg (2.54 mmol) of sodium hydride are added to the solution of 1 g
(2.31 mmol) of tert-butyl (2R,4R)-4-methoxy-2-[4-(3-oxomorpholin-4-yl)-

phenylcarbamoyl]pyrrolidine-1-carboxylate (prepared analogously to

Example 7.1) in 20 ml of dimethylformamide, and the mixture is stirred at
room temperature for 30 minutes. 0.22 mg (2.31 mmol) of methyl bromo-
acetate is subsequently added to the reaction mixture, which is then left to
stir at room temperature for 12 hours. The reaction mixture is then evapo-
rated under reduced pressure, the residue is taken up in 20 ml of water,
and the agqueous solution is extracted three times with 20 ml of methylene
chloride each time. Drying of the combined organic phases over sodium
sulfate and stripping-off of the solvent gives 1.1 g of tert-butyl (2R,4R)-4-
methoxy-2-{methoxycarbonylmethyl-[4-(3-oxomorpholin-4-yi)phenyl}-
carbamoyl}pyrrolidine-1-carboxylate as a yellow oil; ESI (M-BOC) 392.

Removal of the BOC group gives 1-N-[(4-chlorophenyl)]-2-N-{N-methoxy-
carbonylmethyl-N’-[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4R)-4-methoxy-

pyrrolidine-1,2-dicarboxamide, ESI 545, m.p. 106°.

The compound
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\
1-N-[(4-chlorophenyl)]-2-N-{N-methoxycarbonylmethyl-N'-[2-fluoro-4-(3- i
oxomorpholin-4-yl)phenyl]}-(2R,4R)-4-methoxypyrrolidine-1,2-dicarbox- }
amide, ESI 563, m.p. 100°,

is obtained analogously.

5
Example 13 -9
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)cyclohexan-1-yl]}-
10 (2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide is prepared analogously
. to the following scheme

O

O
G~
H.,N == O/\( /——<
15 2 NHZ (o] o Cs,CO
N s 23
NHZ — O N e
Y, NHZ

=N
o= OH 5%Pd/C/H,
OH o
ci
Ho cl HO \ Q <
(o} N o=
20 " ¢ N -,

H (o]
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25

o A
O H

13-9.1 6.32 g (40.3 mmol) of (2-chloroethoxy)acetyl chloride are added to

the solution of 10 g (40.3 mmol) of benzy! (4-aminocyclohexyl)carbamate

> and 6.2 ml of triethylamine (TEA) in 300 ml of tetrahydrofuran, and the
mixture is subsequently stirred at room temperature for 20 hours. The
reaction mixture is then evaporated under reduced pressure, the residue is
35 taken up in 20 mi of water, and the aqueous solution is extracted three

times with 20 mi of ethyl acetate each time. After the combined organic
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phases have been dried over sodium sulfate and the solvent has been
stripped off, the residue is taken up in 20 ml of acetonitrile, and 2.3 g of
caesium carbonate are added to the resultant solution. The reaction mix-
ture is then left to stir at room temperature for 48 hours and then evapo-
rated under reduced pressure, the residue is taken up in 20 ml of water,
and the aqueous solution is extracted four times with 20 mi of ethyl acetate
each time. After the combined organic phases have been dried over
sodium sulfate and the solvent has been stripped off, the residue is taken
up in 50 ml of tetrahydrofuran, 0.3 g of 5% palladium/carbon is added to
the resultant solution, and the mixture is hydrogenated until the take-up of
hydrogen ceases. The catalyst is subsequently filtered off, and the filtrate
is evaporated to dryness under reduced pressure, giving 1.5 g of 4-(4-

aminocyclohexyl)morpholin-3-one as a colourless oil; ESI 199.

13-9.2 Analogously to Example 7.3, reaction of cis-N'-BOC-4-
hydroxy-D-proline and 4-chlorophenyl isocyanate gives the compound
(2R,4R)-1-(4-chlorophenylcarbamoyl)-4-hydroxypyrrolidine-2-carboxylic
acid; ES| 285; m.p. 132°.

13-9.3 Analogously to Example 7.1, reaction of the amine 13-9.1
and the acid 13-9.2 gives the compound 1-N-[(4-chlorophenyl)]-2-N-{[4-(3-

oxomorpholin-4-yl)cyclohexan-1-yl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-
dicarboxamide, ES| 465; m.p. 245°.

Example 13 - 10

The following compounds are obtained analogously to Exampie 7

1-N-[(4-chloropheny!)]-2-N-[(1'-methyl-[1,4']bipiperidinyl|-4-yl)]-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 464; m.p. 78°
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1-N-[(4-chlorophenyl)]-2-N-{(3,4,5,6-tetrahydro-2H-{1,4'|bipyridinyl-4-
y1)]-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 444

OH

Cl

1-N-[(4-chlorophenyl)]-2-N-[(3,4,5,6-tetrahydro-2H-1,4'-bipyridinyl-4-
y)-(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide, ES| 472;
N-(4-chlorophenyl)-(2R,4R)-4-hydroxy-2-(4-pyridin-4-ylpiperazine-1-

carbonyl)pyrrolidine-1-carboxamide, ESI 430
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N-(4-chlorophenyl)-(2R,4R)-4-hydroxy-2-[4-(2-methoxyphenyl)-

piperazine-1-carbonyl]pyrrolidine-1-carboxamide, ESI 459

Q O/FN\JQ

o
10
N-(4-chlorophenyl)-(2R,4R)-2-[4-(4-fluorophenyl)piperazine-1-car-
. bonyl]-4-hydroxypyrrolidine-1-carboxamide, ESI| 447,
N-(4-chlorophenyl)-(2R,4R)-4-hydroxy-2-{4-hydroxy-4-(4-methoxy-
phenyl)piperidine-1-carbonyl]pyrrolidine-1-carboxamide, ESI 456;
15 N-(4-chlorophenyl)-(2R,4R)-4-hydroxy-2-(4-pyridin-2-ylpiperazine-1-
carbonyl)pyrrolidine-1-carboxamide, ESI 430; :
N-(4-chlorophenyl)-(2R,4R)-2-[4-(4-ethylpiperazin-1-yl)piperidine-1-
carbonyl]-4-hydroxypyrrolidine-1-carboxamide, ESI 465; ‘
20 N-(4-chlorophenyl)-(2R,4R)-2-[4-(4,6-dimethylpyrimidin-2-yl)- \
piperazine-1-carbonyl]-4-hydroxypyrrolidine-1-carboxamide, ES| 459; ‘
N-(4-chlorophenyl)-(2R,4R)-4-hydroxy-2-[4-(1-methylpiperidin-4-yl)- }
piperazine-1-carbonyl]pyrrolidine-1-carboxamide; ESI 450; ‘
‘ 25 1-N-[(4-chlorophenyl)]-2-N-{[2-(2-dimethylaminoethoxy)-4-morpholin-
4-ylphenyi]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 532;
1-N-{(4-chlorophenyl)]-2-N-[(2-ethoxy-4-morpholin-4-ylphenyl)]-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 489;
30 1-N-[(4-chlorophenyl)}-2-N-[(4-morpholin-4-yl-2-propoxyphenyl)]-
(2R,4R)-4-hydroxypyrrolidine-1 ,2-dicarboXamide, ESI 504;

Example 13 - 11

35
The following compounds are obtained analogously to Example 7
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1-N-[(4-chiorophenyl)]-2-N-{[4-(2-iminopyrrolidin-1-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ES| 442;
1-N-[(4-chlorophenyl)}-2-N-{[3-methyl-4-(2-iminopyrrolidin-1-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 456;
1-N-[(4-chlorophenyl)}-2-N-[4-{2-{(E)-cyaniminolimidazolidin-1-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ES| 468;
1-N-[(4-chloropheny!)]-2-N-{[4-(2-imino-5-methylthiazol-3-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 473;
1-N-[(4-chlorophenyl)]-2-N-{[2-aminocarbonyl-4-(3-oxomorpholin-4-
yl)phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 502;
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl}}-
(2R,4R)-4-hydroxy-2-methylpyrrolidine-1,2-dicarboxamide, ESI 457.

Example 13 - 12

N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-chlorothiophen-2-
yl)acryloyl]-4-hydroxypyrrolidine-2-carboxamide is prepared analogously

to the following scheme:

/ Zo
o] N@_H OH
o) — >—(j,
0 N
H

EEDQ

o . . g
TN+ 5 1o @7 s OH
HO
~
H
o} N
o —

S
%,Dm

The solution of 1 g (6.62 mmol) of 5-chloro-2-thiophenecarboxaldehyde
and 1.38 g (13.23 mmol) of malonic acid in 0.07 ml of piperidine and 5 ml

of pyridine is refluxed for 2 hours. The reaction solution is subsequently
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allowed to cool, then poured into 20 mi of water and acidified to pH 1 using
2N hydrochloric acid. The product which precipitates in the process is fil-
tered off with suction and dried in a drying cabinet at 80°C, giving 1.02 g of
(E)-3-(5-chlorothiophen-2-yl)acrylic acid as brown crystals, ESI 189.
Analogously to Example 7.1, reaction between the compound of

Example 7.2 and (E)-3-(5-chlorothiophen-2-yl)acrylic acid gives the
compound N-[4-(3-oxomorpholin-4-yl)phenyl}-(2R,4R)-1-{(E)-3-(5-
chlorothiophen-2-yl)acryloyl}-4-hydroxypyrrolidine-2-carboxamide as
colourless crystals, ESI 476, m.p. 151°.

The following compounds are obtained analogously

N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-thiophen-3-
ylacryloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 442, m.p. 137°,

N-{4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(2E,4E)-5-phenyl-
penta-2,4-dienyloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 462, m.p.
127°;

N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-methylfuran-2-
yl)acryloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 440, m.p. 133°;

N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-thiophen-2-yl-
acryloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 442;

N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-
chlorothiophen-2-yl)acryloyl}-4-methoxypyrrolidine-2-carboxamide, ESI
508;

N-[{2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-
chlorothiophen-2-yl)acryloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI
494, m.p. 111°;

N-{4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(4-chlorophenyl)-
acryloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 470;

N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(3,4-dichloro-
phenyl)acryloyi}-4-hydroxypyrrolidine-2-carboxamide, ES| 504;
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N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(4-chiorophenyl)-
acryloyl]-4-methoxypyrrolidine-2-carboxamide, ESI 484,
N-[{4-(3-oxomorpholin-4-yl)phenyl}-(2R,4R)-1-[(E)-3-(3,4-dichloro-
phenyl)acryloyl]-4-methoxypyrrolidine-2-carboxamide, ESI 518;
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R, 4R)-1-[(E)-3-1H-imidazol-4-
ylacryloyl)-4-hydroxypyrrolidine-2-carboxamide, ES| 426;
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-chlorothio-
phen-2-yl)acryloyi]-4-methoxypyrrolidine-2-carboxamide, ESI 480;
N-[4-(3-oxomorpholin-4-yl)phenyl}-(2R,4R)-1-{(E)-3-(5-chlorofuran-2-
yl)acryloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 460;
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-chlorofuran-2-
yl)acryloyl]-4-methoxypyrrolidine-2-carboxamide, ES| 474,
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(4-chlorophenyl)-
acryloyl]-4-ethoxypyrrolidine-2-carboxamide, ES| 498,;
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-{(E)-3-(3,4-dichloro-
phenyl)acryloyl]-4-ethoxypyrrolidine-2-carboxamide, ES| 532,
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-chlorofuran-2-
yl)acryloyl]-4-ethoxypyrrolidine-2-carboxamide, ES| 488;
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-{(E)-3-(5-chlorothio-
phen-2-yl)acryloyl]-4-ethoxypyrrolidine-2-carboxamide, ESI 504,
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(4-
chlorophenyl)acryloyli}-4-hydroxypyrrolidine-2-carboxamide, ES| 488;
N-[{2-fluoro-4-(3-oxomorpholin-4-yl)phenyl}-(2R,4R)-1-[(E)-3-(3,4-
dichlorophenyt)acryloyl]-4-hydroxypyrrolidine-2-carboxamide, ES| 522,
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-
chlorofuran-2-yl)acryloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 478;
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-
chlorofuran-2-yl)acryloyl]-4-methoxypyrrolidine-2-carboxamide, ES| 492;
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl!]-(2R,4R)-1-[(E)-3-(4-
chlorophenyl)acryloyl]-4-methoxypyrrolidine-2-carboxamide, ESI 502;
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N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(3,4-
dichlorophenyl)acryloyl]-4-methoxypyrrolidine-2-carboxamide, ESI 536;
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(4-
chlorophenyl)acryloyl]-4-ethoxypyrrolidine-2-carboxamide, ES| 516;
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl}-(2R 4R)-1-[(E)-3-(3,4-
dichlorophenyl)acryloyl]-4-ethoxypyrrolidine-2-carboxamide, ESI 550;
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl}-(2R,4R)-1-[(E)-3-(5-
chlorofuran-2-yl)acryloyl]-4-ethoxypyrrolidine-2-carboxamide, ESI 506;
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3~(5-
chlorothiophen-2-yl)acryloyl]-4-ethoxypyrrolidine-2-carboxamide, ESI 522;
N-{4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-1H-imidazol-4-yl-
acryloyl}-4-ethoxypyrrolidine-2-carboxamide, ESI 454;
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-1H-
imidazol-4-ylacryloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 444,
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-1H-
imidazol-4-ylacryloyl]-4-methoxypyrrolidine-2-carboxamide, ES| 458,;
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-{(E)-3-1H-
imidazol-4-ylacryloyl]-4-ethoxypyrrolidine-2-carboxamide, ESI 472;
N-[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl}-(2R,4R)-1-[(E)-3-pyridin-
3-ylacryloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 455;
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-pyridin-3-ylacryl-
oyl]-4-ethoxypyrrolidine-2-carboxamide, ESI 465;
N-{2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-pyridin-
3-ylacryloyl}]-4-methoxypyrrolidine-2-carboxamide, ESI 469,
N-[2-fluoro-4-(3-oxomorpholin4-yl)phenyl]-(2R,4R)-1-[(E)-3-pyridin-
3-ylacryloyl]-4-ethoxypyrrolidine-2-carboxamide, ESI 483;
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-pyridin-3-ylacryl-
oyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 437,
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-{(E)-3-pyridin-3-ylacryl-
oyl]-4-methoxypyrrolidine-2-carboxamide, ESI 451,
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N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-pyridin-4-ylacryl-
oyl]-4-hydroxypyrrolidine-2-carboxamide, ES| 437;
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-pyridin-4-ylacryl-
oyl]-4-ethoxypyrrolidine-2-carboxamide, ESI 465;
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-1H-imidazol-4-y!-
acryloyl]-4-methoxypyrrolidine-2-carboxamide, ESI 440;
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-{(E)-3-(4-bromothio-
phen-2-yl)acryloyl}-4-hydroxypyrrolidine-2-carboxamide, ESI 521,
N-[4-(3-oxomorpholin-4-yl)phenyi]-(2R,4R)-1-[(E)-3-(4-bromothio-
phen-2-yl)acryloyl}-4-ethoxypyrrolidine-2-carboxamide, ES| 549,
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-bromothio-
phen-2-yl)acryloyl]-4-hydroxypyrrolidine-2-carboxamide, ESI 521,
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-1-[(E)-3-(5-bromothio-
phen-2-yl)acryloyl]-4-ethoxypyrrolidine-2-carboxamide, ESI 549.

Example 13 - 13

The following compounds are obtained analogously to Example 7

N-(4-chlorophenyl)-(R)-1-[4-(2-oxopiperidin-1-yl)benzoyllpyrrolidine-
2-carboxamide, ESI 426;
N-(4-chlorophenyl)-(S)-1-[4-(2-oxopiperidin-1-yl)benzoyl]pyrrolidine-
2-carboxamide, ESI 426;
1-N-[(4-chlorophenyl)]-2-N-{[4-(5-0x0-1,4-0xazepan-4-y|)phenyl]}-(R)-
pyrrolidine-1,2-dicarboxamide, ESI 457
1-N-[(4-chlorophenyl)]-2-N-{[4-(5-0x0-1,4-0xazepan-4-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 473,
1-N-[(4-chlorophenyl)]-2-N-{[4-((S)-2-methyl-3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 473;
1-N-[(4-chlorophenyl)]-2-N-{[4-((S)-2-methyl-3-oxomorpholin-4-yl)-
phenyl]}<(2R)-pyrrolidine-1,2-dicarboxamide, ESI| 457;
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1-N-[(4-chlorophenyl)]-2-N-{[4-((R)-2-methyl-3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 473;
1-N-{(4-chlorophenyl)}-2-N-{[4-((R)-2-methyl-3-oxomorpholin-4-yl)-
phenyl]}-(2R)-pyrrolidine-1,2-dicarboxamide, ESI 457;
1-N-[(4-chlorophenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)-2-phenoxy-
phenyl]}-(2R)-pyrrolidine-1,2-dicarboxamide, ESI] 535;
1-N-[(4-chlorophenyl)}-2-N-{[2-fluoro-4-((R)-2-methyl-3-oxomorpholin-
4-yh)phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 491,
1-N-{(4-chlorophenyl)]-3-N-{[4-(3-oxomorpholin-4-yl)phenyi]}-
piperidine-1,3-dicarboxamide, ESI 457;
1-N-[(4-chlorophenyl)]-3-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}piperidine-1,3-dicarboxamide, ESI 471,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-ox0-1,4-0xazepan-4-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 473;
1-N-{(4-chlorophenyl)]-2-N-{[2-methyl-4-(3-oxomorpholin-4-yl)-
phenyl}]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 473,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI| 459;
1-N-[(4-chlorophenyl)]-2-N-{[2-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ESI 459.

Example 13 - 14

The following compounds are obtained analogously to Example 7

N-[4-(3-oxomorpholin-4-yl)phenyl]-(rac)-2-[3-(4-chlorophenyl)ureido]-
cyclopentanecarboxamide, ESI 457
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YL
5 CI/O ~°

N-[3-methyl-4-(3-oxomorpholin-4-yl)phenyl]-(rac)-2-[3-(4-chloro-
10 phenyl)ureido]cyclopentanecarboxamide, ESI 471.

Example 13 - 15

15
| 1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4R)-4-(2-
| methoxyethoxy)pyrrolidine-1,2-dicarboxamide, ESI 517, is prepared as

20

described below

30

35
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O— o]
O o /\/ %
80 32% NaOH
+ - . H
OH N = rro
(0] o"& o (0]
2eq. ,/\

DAPECI,

HCl/dioxane
—_—

", o
o Cl—@—NCO [j
N ,,
0

N ""'r O
= o o O
DMF N

0— r~

N
N 0 CH,Cl,/NE, HN o) . )H
2 0 N)H K/ 0
cr |\/ o
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14. Examples of the preparation of intermediate compounds

14.1  All compounds of the following formula VI (where R = H or

methyl; n = 3, 4 or 5) can be synthesised in accordance with the follow-

()]

ing scheme.

/—(CHz)n

Vl
2N

o)

15 For example, synthesis of 1-(4-amino-2-methylphenyl)piperidin-2-one:

e A D
Wote

14.2  Synthesis of the phenylpiperidone unit without a methyl group:

20

PdIC

30 ‘@‘ \>:> CSZCOS ZNO:b
O b

Ra Ni
35
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1-(4-Amino-2-methylphenyl)piperidin-2-one is prepared, for example, as

indicated below:

(o]
5 NO, . /\/\/U\ toluene  Br N
Br Cl reflux \/\/\g/
NH2 NO
Ok s
“CHEON sCN é Pd/C d:‘

10
14.3  1-(4-Aminophenyl)-1H-pyrazin-2-one
15
F
N Cs,CO
. [/]\ S0, /—\
~ —> N N—< >—No2
N OH DMF H
NO, o)
20

SnCI /—\ C
Ethanol

30

35
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144  1-(4-Amino-2,5-dimethylphenyl)piperidin-2-one
H Bt o
N copper powder, K,CO,
O,N KI, 140°C 2
0
H2
————» H,N N
10 Pd/C

14.5 1-(4-Amino-3-methylphenyl)piperidin-2-one

15

o
| N” Y0 DMF
NO, H N |
| X
20
——
Pd/C [\é

146  1-(5-Aminopyridin-2-yl)piperidin-2-one

Cs,CO O.N
N 2 3 2
30 OZN@_C' * Q DMF m\/j\ i
=N N o] N~ N |
X

35

H2 H2 N N (o)
—— |
Pd/C NN




10

15

20

25

30

35

WO 2004/087646 PCT/EP2004/002350

-109 -

147  1-(4-Aminomethylphenyl)piperidin-2-one

NH3IMeOH Tpaic

14.8 2-(4-Aminophenyl)-2-azabicyclo[2.2.2]octan-3-one

ﬂe\/éo + copper powder K,CO,
H Ki, 145°C
2 NO,

NH,
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14.9 1-(3-Amino-6-ethylphenyl)pyrrolidin-2-one

5 o 1. DMF/reflux
+ Br\/\)L o™\ = (:(\ OH
NH, 2. NaOH N/\/\lr

10 sOCl, @\/\ HNO, 65% /@\/\ H,
> — —_—
O,N N
Py ED H,SO, 95-98% 2 Q Pd/C
o

15 Io®
H.N

20 1410 2-(4-Amino-2-trifluoromethylphenyl)-2-azabicyclo[2.2.2]octan-3-

one

L i
25 K,CO,
F * o
F o N - F
NO, H DMF F
F
NO,
30 ;p%o
H, N F
—_—
Pd/C Er
NH

35
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14.11 1-(4-Amino-3-chlorophenyl)pyrrolidin-2-one

o
cl Cs,CO cl
* [1 —— N
H 0
NO, NO,

o)

H, cl
é N
Pd/C

NH

14.12 1-(4-Amino-2-trifluoromethylphenyl)piperidin-2-one

NO,
FF
H F
<—_N): Br copper powder, K,CO, F
o+ - F
NO, KI, 150°C oM\ F
NH,
H, -
——
NFF
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1413 3-(4-Amino-2-methylphenyl)-1,3-oxazinan-2-one

NO,

H
O,N N.__O copper powder, K,CO
5 \C( . U 2C0;
Br o Kl, 150°C

NH,

. A

H2

—_—

. Pd/C N\fo
, E/O

14.14 4-(4-Aminophenyl)morpholin-3-one

N02\© KMnO,, CH,C, N02\©\ 0
N - NJ\‘

20 /\\ benzyltriethylammonium chloride
(o ey (o

o

, TN o
® —_— Jk\
N

30

35
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14.15 1-(4-Aminophenyl)pyridin-2-one

G, O
_SnCl,_ O
ethanol é
14.16 1-(4-Amino-2-methylphenyl)piperidin-2-one

o}
NO, . /\/\/U\ toluene Br N
Br cl ; \/\/\n/
NH, reflux o NO
CHacN é Pd/C é

2

14.17 . 1-(4-Aminophenyl)-1H-pyridin-4-one

Ra Ni "@
AN

PCT/EP2004/002350
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14.18 1-(4-Aminophenyl)-4-tert-butyloxycarbonylpiperazin-2-one

F
N Cs,CO, /—\
5 N —— N N NO,
N~ ~oH DMF \—<
NO, O

H, /7 \ Boc,0 > % /~ \
——=HN N NH, —— >N N—@—NH2
10 Pd/C \_< TEA o \_<\
o o '
14.19 1-(3-Aminophenyl)piperidin-2-one

15
Br

'I:|l copper powder, K,CO,
Kl, 140°C \©/

NO, S

20

H,
— N NH,
Ra Ni \Cr
(o)

25 14.20 1-(4-Aminophenyl)-2-caprolactam

N Cs,CO,
SO
DMF
30 o,
° o
KMnO,, CH,CI H,
benzyitriethyl- ' Ra Ni

35 ammonium chloride
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1421 1-(4-Amino-3-fluorophenyl)piperidin-2-one

Cs,CO,
baiited NO@ D
F
w0
)

14.22 1-(4-Amino-2-fluorophenyl)piperidin-2-one

Z
+ |

F N~ TOH

F
F y CSZCO
L {}
.
N OH

NO,

0
H2
— N NH
Pd/C
F

14.23 1-(4-Amino-2-fluorophenyl)-2-caprolactam

F
Cs2C03
NO; N

O

KMnO,, CH,CI,

benzyltrlethyl-
ammonium chloride

D) 2

Ra Ni

PCT/EP2004/002350

D
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14.24 4-(4-Amino-2-fluorophenyl)-1,4-oxazepan-5-one

s} 0.1 eq. Cul
h 2.3 eq. Cs,CO, HN N?/\
H2N—©—l + HN = 2 \__©°
O 0.2eq. CH;NCH,CH,NCH,
acetonitrile, 75°C

14.25 4-(4-Amino-3-phenoxyphenyl)morpholin-3-one

F
K,CO,
H cl }-ﬂ
ON —@—N O—/— acetonltrlle O
O

oo Y. ¥
20 @)‘\ i O%

Cs2003
acetonitrile

14.26 2-{3-(4-Chlorophenyl)ureido]cyclopentanecarboxylic acid

NaHCO3 0». %
N OH
)10 N S

25

30

35
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14.27 1-(4-Chlorophenylcarbamoyl)piperidine-3-carboxylic acid

o)
N NaHCO, y_N
CI—@NCO + - = < N
oH MO H OH

o 0o

14.28 4-(4-Aminophenyl)-1,4-oxazepan-3-one

Q Slole) 0
I\ TEMPO oxidation i .
—
HO o—\_\ = HO o—\_\ cl o—\_\
Cl Cl cl

0]
T S, SO o,
ON N O = ON N
2 Ho T\ : \_/
toluene - acetonitrile

o
H,/Pd

LS g
THF 2 \)

The TEMPO oxidation is carried out in accordance with the following lit-
erature:
L. DeLuca et al., J. Org. Chem. 68, 4999-5001 (2003).




O
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Pharmacological data:

Affinity to receptors

Table 1
Compound No. | FXa-ICso[M] TF/FVIla-ICso [M] 3
AT 1.8x10° 23x10° |
"A2" 27x10° |
"AB1" 1.8x10° 39x10°
10 "A6" 3.7x10°
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The following examples relate to pharmaceutical preparations:

Example A: Injection vials

A solution of 100 g of an active ingredient of the formula | and 5 g of
disodium hydrogenphosphate in 3 | of bidistilled water is adjusted to

pH 6.5 using 2N hydrochloric acid, sterile filtered, transferred into injection
vials, lyophilised under sterile conditions and sealed under sterile condi-

tions. Each injection vial contains 5 mg of active ingredient.

Example B: Suppositories

A mixture of 20 g of an active ingredient of the formula | with 100 g of soya
lecithin and 1400 g of cocoa butter is melted, poured into moulds and

allowed to cool. Each suppository contains 20 mg of active ingredient.

Example C: Solution

A solution is prepared from 1 g of an active ingredient of the formula |,
9.38 g of NaH,PQ, - 2 H,0, 28.48 g of Na,HPO, - 12 H,O and 0.1 g of
benzalkonium chloride in 940 mi of bidistilled water. The pH is adjusted to
6.8, and the solution is made up to 1 | and sterilised by irradiation. This

solution can be used in the form of eye drops.

Example D: Ointment

500 mg of an active ingredient of the formula | are mixed with 99.5 g of

Vaseline under aseptic conditions.

S

WO 2004/087646 PCT/EP2004/002350
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Example E: Tablets

A mixture of 1 kg of active ingredient of the formula I, 4 kg of lactose,
1.2 kg of potato starch, 0.2 kg of talc and 0.1 kg of magnesium stearate is
pressed to give tablets in a conventional manner in such a way that each

tablet contains 10 mg of active ingredient.

Example F: Coated tablets

Tablets are pressed analogously to Example E and subsequently coated
in a conventional manner with a coating of sucrose, potato starch, talc,

tragacanth and dye.

Example G: Capsules

2 kg of active ingredient of the formula | are introduced into hard gelatine
capsules in a conventional manner in such a way that each capsule con-

tains 20 mg of the active ingredient.

Example H: Ampoules

A solution of 1 kg of active ingredient of the formula | in 60 | of bidistilled
water is sterile filtered, transferred into ampoules, lyophilised under sterile
conditions and sealed under sterile conditions. Each ampoule contains

10 mg of active ingredient.
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Throughout this specification and the claims which follow, uniess the context
requires otherwise, the word "comprise”, and variations such as "comprises" or
"comprising”, will be understood to imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of any other integer or step or

group of integers or steps.

The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as, an
acknowledgement or admission or any form of suggestion that that prior
publication (or information derived from it) or known matter forms part of the
common general knowledge in the field of endeavour to which this specification

relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound of the formula |

in which
D

x

: 2
£ R
R*«é X—Y—T
W

e

D—G” 0

is phenyl, pyridy! or thienyl, each of which is
monosubstituted or disubstituted by Hal,

is H, =0, COOR?, OH, OA, NH,, alkyl having 1, 2, 3, 4,
Sor 6» carbon atoms, N, ethynyl, vinyl, allyloxy, |
-OCOR® NHCOA or NHSO,A,

is H, =0, OH, OA or alkyl having 1, 2, 3, 4, 5 or 6 car-
bon atoms,

together are alternatively a spirocyclically bonded 3- to
6-membered carbocyclic ring,

isHorA,

is pyrrolidine-1,2-diyl, piperidine-1,2-diyl, oxazolidine-

3,4- or 3,5-diyl, thiazolidine-3,4-diyl, 2,5-dihydro-1H-
pyrrole-1,5-diyl, 1,3-dioxolane-4,5-diyl, 1,3-oxazinane-
3,4-diyl, piperazine-1,4-diyl, tetrahydrofuran-3,4-diyl or
azetidine-1,2-diyl,

is (CH,), or (CH3)asNH-,

is CONH,

is 1,3- or 1,4-phenylene which is unsubstituted or mono-
substituted or disubstituted by methy!, trifluoromethyl,
ethyl, propyl, Cl or F,

is morpholin-4-yl which is monosubstituted or disubsti-
tuted by carbonyl oxygen,
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A is unbranched or branched alkyl having 1-10 carbon
atoms and in which 1-7 H atoms may be replaced by F,
Hal isF, Cl, Bror,

n is0,1or2:

or a pharmaceutically usable solvate, salt or stereoisomer thereof, including

mixtures thereof in all ratios.

2. A compound according to Claim 1, selected from the group consisting of
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyi]}-
(R)-pyrrolidine-1,2-dicarboxamide,
1-N-[(4-chloropheny!)}-2-N-{[3-methy|-4-(3-oxomorpholin-4-yl)-
phenyl]}-(R)-pyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)}-2-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)-
phenyli]}-(R)-pyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)}-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(R)-pyrrolidine-1,2-dicarboxamide,
1-N-{(4-chlorophenyl)}-2-N-{[3-trifluoromethyl-4-(3-oxomorpho-
lin-4-yl)phenyi]}-(R)-pyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[3-methyl-4-(3-oxomarpholin-4-yl)-
phenyl]}-(R)-piperidine-1,2-dicarboxamide,

1-N-[(4-chloraphenyi)]-2-N-{[4-(3-oxomorpholin-4-yl)pheny!]}-
(R)-2,5-dihydropyrrole-1,2-dicarboxamide,
N-{4-(3-oxomorpholin-4-yl)phenyl}-(R)-1-(5-chlorothiophene-
2-carbonyl)pyrrolidine-2-carboxamide,
N-[3-methyl-4-(3-oxomorpholin-4-yl)phenyl]-(R)-1-(5-chloro-
thiophene-2-carbony!l)pyrrolidine-2-carboxamide,
3-N-[(4-chlorophenyl)}-4-N-{[4-(3-oxomorpholin-4-yl)phenyi]}-
(R)-oxazolidine-3,4-dicarboxamide,
3-N-{(4-chlorophenyti)]-4-N-{[3-methyI-4-(3-oxomorpholin-4-yl)-
phenyl]}-(R)-oxazolidine-3,4-dicarboxamide,
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3-N-[(4-chlorophenyl)]-4-N-{[4-(3-oxomorpholin-4-y|)phenyl]}-
(4R,58)-5-methyloxazolidine-3,4-dicarboxamide,
3-N-[(4-chlorophenyl)-4-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(4R,5S)-5-methyloxazolidine-3,4-dicarboxamide,
3-N-{(4-chlorophenyl!)]-4-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)-
phenyi}}-(4R,5S)-5-methyloxazolidine-3,4-dicarboxamide,
3-N-[(4-chlorophenyl)}-4-N-{[3-chioro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(4R,5S)-5-methyloxazolidine-3,4-dicarboxamide,
3-N-[(4-chlorophenyl)}-4-N-{[3-methyi-4-(3-oxomorpholin-4-yl)-
phenyl]}-(4R,5R)-5-methyloxazolidine-3,4-dicarboxamide,
3-N-[(4-chiorophenysl)}-4-N-{[4-(3-oxomorpholin-4-yl)phenyl}}- -
(S)-thiazolidine-3,4-dicarboxamide,
3-N-[(4-chlorophenyl)}-4-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(S)-1,1-dioxo-1A%-thiazolidine-3,4-dicarboxamide,
3-N-{(4-chlorophenyl)]-4-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(S)-thiazolidine-3,4-dicarboxamide,
3-N-{(4-chlorophenyl)}-4-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
pheny!]}-(S)-1,1-dioxo-1A°-thiazolidine-3,4-dicarboxamide,
N-{4-(3-oxomorpholin-4-yl)phenyl}-3-(5-chlorothiophene-2-
carbonyl)oxazolidine-5-carboxamide, ,
N-[3-methyl-4-(3-oxomorpholin-4-yl)phenyl]-3-(5-chlorothio-
phene-2-carbonyl)oxazolidine-5-carboxamide,
1-N-[(5-chloropyridin-2-yl)]-2-N-{[4-(3-oxomorpholin-4-y!)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(5-chloropyridin-2-yl)]-2-N-{[4-(3-oxomorpholin-4-yl)-
phenyl]}-(R)-4,4-dimethoxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl}}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)}-2-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide, ‘
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1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chloropheny!)]-2-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,3R)-3-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-{(4-chlorophenyl)}-2-N-{[3-fluoro4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,3S)-3-hydroxypyrrolidine-1,2-dicarboxamide, ‘
1-N-[(4-chlorophenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4S)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-{(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyi]}-
(2S,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
3.4-dihydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chiorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4S)-4-azidopyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyll}-
(2R,4S)-4-aminopyrrqlidine-1 ,2-dicarboxamide,
1-N-[(4-chloropheny!)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-azidopyrrolidine-1,2-dicarboxamide,

1 -N-[(4-ch|orophenyl)]-2-N-{[4-(3-oxomorpholinQ4-yl)phenyl]}-
(2R,4R)-4-aminopyrrolidine-1,2-dicarboxamide,
1-N-{(4-chloropheny!)]-2-N-{[4-(3-oxomorpholin-4-yl)pheny!|]}-
(2R,4S)—'4-acetaminopyrro|idine-1’,2-’dicarboxamide,
1-N-{(4-chloropheny!)}-2-N-{[4-(3-oxomorpholin-4-y!)phenyi]}-
(2R.4R)-4-acetaminopyrrolidine-1 2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-y!)phenyl]}-
(2R,4S)-4-methylsulfonylaminopyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-y|)pheny!]}-
(2R,4R)-4-methylsulfonylaminopyrrolidine-1,2-dicarboxamide,
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1-N-{(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-propoxypyrrolidine-1,2-dicarboxamide,
1-N-{(4-chloropheny!)]-2-N-{[4-(3-oxomorpholin-4-yl)pheny!]}-
(2R,4R)-4-allyloxypyrrolidine-1,2-dicarboxamide,
(3R,5R)-1-(4-chlorophenylcarbamoy!l)-5-[4-(3-oxomorpholin-4-
yl)phenylcarbamoyl]pyrrolidin-3-yl isobutyrate,
(3R,5R)-1-(4-chlorophenylcarbamoyt)-5-{4-(3-oxomorpholin-
4-yl)phenylcarbamoyl]pyrrolidin-3-y! propionate,
(3R,5R)-1 -(4-chIoroph’enylcarbamoyl)-5-[4-(3-oxomorpholih~4-
yhphenylcarbamoyl]pyrrolidin-3-yl acetate,
4-N-[(4- chlorophenyl)] 5-N-{[4-(3-oxomorpholin-4- yl)phenyl]}
1,3-dioxolane-4,5-dicarboxamide,
4-N-[(4-chlorophenyl)]-5-N-{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-1,3-dioxolane-4,5-dicarboxamide,
4-N-[(4-chIorophenyl)]-5—N?{[4-(3—oxomorpholin-4-y|)phenyl]}-
1,3-dioxolane-2,2-dimethyl-4,5-dicarboxamide,
4-N-[(4-chlorophenyl)}-5-N-{[3-methyl-4- (3-oxomorphohn-4-yl)
phenyi]}-1,3-dioxolane-2,2-dimethyl-4, 5-dicarboxamide,
1 -N-[4-chlorophenyl)]-2-N-{[4-(3-oxomorpholm-4-yl)phenyl]}-1 -
BOC-piperazine-1,2-dicarboxamide, 4
1-N-{4-chiorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
piperazine-1,2-dicarboxamide,
1-N-{4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-1,3-
oxazinane-3,4-dicarboxamide,

1 -N-[(4-ch|orophenyl)]~2fN-{[4-(3-oxomorpholin-4—yl)pheny!]}-
(2R,4S5)-4-ethynyl-4-hydroxypyrrolidine-1,2-dicarboxamide,
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6-N-{(4-chlorophenyl)]-7-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-4-

oxa-6-azaspiro[2.4]heptane-6,7-dicarboxamide,

1-N-{(4-chlorophenyl)}-2-N-{{3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(éR,4S)-4—acetaminopyrroli'din‘e-1 ,2-dicarboxamide,
1-N-{(4-chlorophenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R ,4S)-4-butylsulfonylaminopyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)pheny]}-
(R)-4-oxopyrrolidine-1,2-dicarboxamide,
1 -N-[(4-chlorophenyl)]-2-N—{[3-metl'iyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4S)-4-aminopyrrolidine-1,2-dicarboxamide,
1-N-{(4-chlorophenyl)]-2-N-{{3-methyl-4-(3-oxomorpholin-4-yi)-
phenyl]}-(S)-pyrrolidine-1 ,2-dicarboxamide,
- N-1-{(4-chlorophenyl)}-N"-2-{[2-fluoro-4~(3-oxomorpholin-4-y!)-
phenyll}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
N-[4-(3-oxomorpholin-4-yl)phenyl)-(2R ,4R)-1 -[2-(4'-chloro-
phenyhacetyl]-4-hydroxypyrrolidine-2-carboxamide,
N~[4-(3-oxomorpholin-4-yl)phehyl]-(2R,4R)—1-(4-chlorobenzoyl)- .
4-hydroxypyrrolidine-2-carboxamide, ‘
N-1-[(4-chlorophenyh)]-N'-2-{[3-methyl-4-(3-oxomorpholin-4-yi)-
phenYI]}_-(ZR,4R)-4—methoxypyrrolid ine-1,2-dicarboxamide,
N-1-[(4-chlorophenyl)]-N'-2-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyI]}-(2R,4R)-4-nﬁethoxypyrrolid.ine-1 ,2-dicarboxamide,
N-1-[(4-chlorophenyl)}-N'-2-{[4-(3-oxomorpholin-4-yl)phenyi]}-
(2R,45)-4-(2-methylpropanoylamino)pyrrolidine-1,2-dicarboxamide,
N-1 —[(4-chlorophenyl)]—N’-2-{[3-methyl-4-(3-oxomorpholin—4_-yl)—
phenyl]}-(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide,

N-1 —[(4-chlorophenyl)]-N’-2-{[2-ﬂuoro-4-(3-oxomorpholin-4-y|)-
phenyl]}-(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide,
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2-N-[{(4-chlorophenyl)]-1-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(R)-pyrrolidine-1,2-dicarboxamide,
2-N-{(4-chlorophenyl)}-1-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(S)-pyrrolidine-1,2-dicarboxamide,
N-(4-chlorophenyl!)-(R)-1-{2-[4-(3-oxomorpholin-4-yl)phenyl]-
acetyl}pyrrolidine-2-carboxamide, o
N-(4-chlorophenyl)-(S)-1-{2-[4-(3-oxomorpholin-4-yl)phenyl]-
acetyl}pyrrolidine-2-carboxamide,
N-(4-chlorophenyl)-(2R,4R)-1-{2-[4-(3-oxomorpholin-4-yl)-
phenyl]acetyl}-4-methoxypyrrolidine-2-carboxamide,
N-(4-chlorophenyl)-(2R,4S)-1-{2-[4-(3-oxomorpholin-4-yi)-
phenyllacetyl}-4-methoxypyrrolidine-2-carboxamide,
N-(4-chlorophenyl)-(2S,4R)-1-{2-[4-(3-0xomorpholin-4-yl)-
phenyl]acetyl}-4-methoxypyrrolidine-2-carboxamide,
1-N-{(4-chlorophenyl)]-2-N-{[3-fluoro-4-(3-oxomorpholin-4-yl)
phenyl]}-(2R,4R)-4-ethoxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)}-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)~4-(prop-2-ynyloxy)pyrrolidine-1,2-dicarboxamide,
- 1-N-{(4-chlorophenyl))-2-N-{[4-(3-oxomorpholin-4-yl)pheny!]}-
(2R,4R)-4-(but-2-ynyloxy)pyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-(2,3-dihydroxypropoxy)pyrrolidine-1,2-dicarboxamide,
1-N-{(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyi]}-
(2R,4R)-4-(2-hydroxy-3-pyrrolidin-1-ylpropoxy)pyrrolidine-1,2-

dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-(2—oxooxazolidin-5-ylmethoxy)pyrrolidine-1 ,2-dicarbox-
amide, ‘
1-N-[(4-chlorophenyl)]-2-N-{{4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-(3-amino-2-hydroxypropoxy)pyrrolidine-1,2-dicarboxamide,
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1-N-{(4-chloropheny!)]-2-N{[3-fluoro-4-(3-oxomorpholin-4-yi)-
phenyl]}-(R)-2,5-dihydropyrrole-1,2-dicarboxamide, |
1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyi]}-(R)-2,5-dihydropyrrole-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2S,3S)-3-hydroxypyrrolidine-1,2-dicarboxamide,
: 1-N-[(4-chIorophenyl).]-Z-N-{[4-(3-oxomorpholiﬁ-4-yl)phenyl]}-
(2S,4S)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[2-carboxy-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-3-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenytl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,3S,4R)-3,4-dihydroxypyrrolidine-1,2-dicarboxamide,
1-N-{(4-chlorophenyl}}-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)- .
phenyl]}-(2R,4R)-4-allyloxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)}-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-(prop-2-ynyloxy)pyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4S)-4-(prop-2-ynyloxy)pyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-(methoxycarbonylmethoxy)pyrrolidine-1,2-dicarboxamide,
1-N-{(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-(carboxymethoxy)pyrrolidine-1,2-dicarboxamide,
1-N-[(4-bromophenyl)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-methoxypyrrolidine-1,2-dicarboxamide,
1-N-{(4-chloropheny!)]-2-N-{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)—4-(2,3—dihydroxypropoxy)pyrrolidine-1 ,2-dicarbox-
amide, ‘
1-N-{(4-chlorophenyl)]-2-N-{[2-aminocarbonyl-4-(3-oxomorpho-
lin4-yl)phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
ESI 502;
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1-N-{(4-chiorophenyl}]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-hydroxy-2-methylpyrrolidine-1 ,2-dicarboxamide,
1-N-{(4-chlorophenyl)}-3-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
piperidine-1,3-dicarboxamide,
1-N-{(4-chlorophenyl)]-3-N-{[3-methyl-4-(3- oxomorphohn 4-yl)-
~ phenyl]}piperidine-1,3-dicarboxamide,
1-N-[(4-chloropheny!)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl)}-
(2R,4R)-4-(2-methoxyethoxy)pyrrolidine-1,2-dicarboxamide,
1 —N-[(4—chlorophenyl)]-2-N-{[2-methyl-4-(3-oxomorpholin-4¥yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-{(4-chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-N-[(4-chlorophenyl)]-2-N-{[2-(3-oxomorpholin-4-yl)pheny!]}-
(2R ,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,

or a pharmaceutically usable solvate, salt or stereocisomer thereof, including
mixtures thereof in all ratios.

3.  Process for the preparation of compounds of the formula | according to
Claim 1 or Claim 2 and pharmaceutically usable solvates, salts and
stereoisomers thereof, wherein
a) for the preparation of compounds of the formula | in which

W isNand
G is NH,

a compound of the formula Il

2
£ R
Rh{E X—Y—T
w

H
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in which
R',R% E, X, Y and T are as defined in Claim 1,
and Wis N,
is reacted with a compound of the formula |l

D-N=C=0 Hi

in which

D is as defined in Claim 1,

and/or

a base or acid of the formula | is converted into one of its salts.

A compound of the formula | according to Claim 1 or Claim 2 as an inhibitor

A compound of the formula | according to Claim 1 or Claim 2 as an inhibitor

of coagulation factor Vlla.

Medicament comprising at least one compound of the formula | according to
Claim 1 or Claim 2 and/or a pharmaceutically usable solvate, salt or
stereoisomer thereof, including mixtures thereof in all ratios, in association

with an excipient and/or adjuvant.

Medicament comprising at least one compound of the formula | according to
Claim 1 or Claim 2 and/or a pharmaceutically usable solvate or sterecisomer
thereof, including mixtures thereof in all ratios, and at least one further

medicament-active ingredient.

Use of one or more compounds according to Claim 1 or Claim 2 and/or

physiologically acceptable solvates, salts or sterecisomers thereof for the
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preparation of a medicament for the treatment of thromboses, myocardial
infarction, arteriosclerosis, inflammation, apoplexy, angina pectoris,
restenosis after angioplasty, claudicatio intermittens, migraine, tumours,

tumour diseases and/or tumour metastases.

9.  AKkit comprising, in separate containers:
(a) an effective amount of a compound of the formula | according to Claim 1
or Claim 2 and/or a pharmaceutically usable solvate, salt or sterecisomer
thereof, including mixtures thereof in all ratios,
and

(b) an effective amount of a further medicament-active ingredient.

10.  Use of one or more compounds of the formula | according to Claim 1 or
Claim 2 and/or pharmaceutically usable solvates, salts or sterecisomers
thereof, including mixtures thereof in all ratios, for the preparation of a
medicament for the treatment of thromboses, myocardial infarction,
arteriosclerosis, inflammation, apoplexy, angina pectoris, restenosis after
angioplasty, claudicatio intermittens, migraine, tumours, tumour diseases
and/or tumour metastases,

in combination with at least one further medicament-active ingredient.

11. A compound selected from the group consisting of
N-[4-(3-oxomorpholin-4-yl)phenyl]-(S)-pyrrolidine-2-carboxamide,
N-[4-(3-oxomorpholin-4-yl)phenyl]-(R)-pyrrolidine-2-carboxamide,
N-[4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-4-hydroxypyrrolidine-2-
carboxamide,
N-[4-(3-oxomorpholin-4-yl)phenyl]-4-hydroxypyrrolidine-2-carboxamide,
N-[4-(3-oxomorpholin-4-yl)phenyl]-(R)-4,4-dimethoxypyrrolidine-2-
carboxamide,
N-[{4-(3-oxomorpholin-4-yl)phenyl]-(2R,4R)-4-methoxypyrrolidine-2-
carboxamide,

or an isomer or salt thereof.
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Medicament according to Claim 7, comprising 1-N-[(4-chloro-phenyl)]-2-N-
{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-
dicarboxamide and/or a pharmaceutically usable solvate, salt or

stereoisomer thereof, including mixtures thereof in all ratios, and aspirin.

Use according to Claim 10, comprising 1-N-[(4-chlorophenyl)]-2-N-{[4-(3-
oxomorpholin-4-yl)phenyl}}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide
and/or a pharmaceutically usable solvate, salt or stereoisomer thereof,
including mixtures thereof in all ratios, on combination with aspirin.

A method for the treatment or prevention of thromboses, myocardial
infarction, arteriosclerosis, inflammation, apoplexy, angina pectoris,
restenosis after angioplasty, claudicatio intermittens, migraine, tumours,
tumour diseases and/or tumour metastases, including the step of
administering to a subject in need thereof a compound of the formula |
according to Claim 1 or Claim 2 or a pharmaceutically usable solvate, salt or
stereoisomer thereof including mixtures thereof in all ratios.

A method according to Claim 14, wherein the compound is 1-N-[(4-
chlorophenyl)]-2-N-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4R)-4-
hydroxyphyrrolidine-1,2-dicarboxamide.

A method according to Claim 14 or 15, wherein at least one further active

ingredient is administered to the subject.

A method of Claim 16, wherein the further active ingredient is aspirin.

A compound of formula | as claimed in claim 1, and uses thereof

substantially as herein described with reference to the Examples.
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